3GPP TSG RAN WG1 Ad-Hoc Meeting 1901	R1-1900065
Taipei, 21 – 25 January, 2019

Agenda Item:	7.2.10.1.4
Source:	Huawei, HiSilicon
Title:	System level evaluations for NR positioning
Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]The evaluation methodology and simulation assumptions were generally agreed in RAN1#94b [1]. Later in RAN1#95, the following additional agreements related to the simulation assumption were reached.
	Agreement:
The existing channel models as provided in the TR 38.901 are used for NR positioning evaluation as a baseline.
· Note: Companies can provide additional results and describe modifications made for NLOS channel model



[bookmark: _GoBack]In this contribution, we provide system-level simulation results for DL positioning, UL positioning, and DL+UL positioning solutions mentioned in [3][4][5]. The simulation scenarios and configurations follow [2] and the channel models in TR 38.901 are applied here. A unified RS configuration for FR1 and FR2 [6] is used in the simulations. In the following, the results are provided for OTDOA, UTDOA, DAOD, UAOA, E-CID, Multi-RTT in FR1 and FR2, respectively. 

Simulation results
OTDOA
The positioning 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 with perfect synchronization
	
	
	Carrier freq./SCS/BW
	50%
	67%
	80%
	90%

	FR1
	InH
	4GHz/30kHz/100MHz
	1.6m
	2.9m
	6.9m
	14.6m

	
	
	4GHz/15kHz/50MHz
	2.8m
	4.5m
	7.6m
	16.7m

	
	
	2GHz/15kHz/50MHz
	2.8m
	4.5m
	7.6m
	18.3m

	
	
	2GHz/15kHz/5MHz
	10.5m
	13.8m
	18.0m
	27.9m

	
	InH (central UE only)
	4GHz/30kHz/100MHz
	1.0m
	1.4m
	2.1m
	3.7m

	
	
	4GHz/15kHz/50MHz
	2.2m
	2.8m
	3.9m
	6.2m

	
	
	2GHz/15kHz/50MHz
	2.2m
	2.8m
	4.1m
	6.6m

	
	
	2GHz/15kHz/5MHz
	11.3m
	16.6m
	19.6m
	23.8m

	
	UMi
	4GHz/30kHz/100MHz
	1.1m
	1.9m
	5.5m
	16.8m

	
	
	4GHz/15kHz/50MHz
	2.1m
	3.5m
	6.3m
	16.3m

	
	
	2GHz/15kHz/50MHz
	2.1m
	3.5m
	7.8m
	19.1m

	
	
	2GHz/15kHz/5MHz
	18.9m
	26.4m
	36.2m
	57.5m

	
	UMa indoor
	4GHz/30kHz/100MHz
	12m(H)
12m(V)
	67m(H)
13.5m(V)
	268m(H)
15m(V)
	434m(H)
18m(V)

	
	
	4GHz/15kHz/50MHz
	7.4m(H)
12m(V)
	37.1m(H)
15m(V)
	137m(H)
15m(V)
	467m(H)
18m(V)

	
	
	2GHz/15kHz/50MHz
	4.9m(H)
12m(V)
	46m(H)
15m(V)
	119m(H)
18m(V)
	346m(H)
19.5m(V)

	
	
	2GHz/15kHz/5MHz
	30.4m(H)
12m(V)
	48.8m(H)
15m(V)
	114m(H)
18m(V)
	336m(H)
21m(V)

	
	UMa outdoor
	4GHz/30kHz/100MHz
	1.3m(H)
	2.4m(H)
	8.7m(H)
	30m(H)

	
	
	4GHz/15kHz/50MHz
	2.6m(H)
	3.6m(H)
	13.8m(H)
	47.m(H)

	
	
	2GHz/15kHz/50MHz
	2.6m(H)
	5.2m(H)
	17.8m(H)
	60m(H)

	
	
	2GHz/15kHz/5MHz
	21.8m(H)
	29.3m(H)
	48.8m(H)
	77m(H)

	FR2
	InH
	30GHz/120kHz/100MHz
	1.1m
	1.6m
	2.4m
	4.8m

	
	
	30GHz/120kHz/400MHz
	0.2m
	0.4m
	0.7m
	1.4m

	
	UMi
	30GHz/120kHz/100MHz
	2.4m
	4.4m
	7.9m
	17.5m

	
	
	30GHz/120kHz/400MHz
	1.3m
	3.0m
	5.7m
	9.7m



The comparisons 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
	2.8m
	4.5m
	7.6m
	18.3m

	
	
	2GHz/15kHz/50MHz (Sync. error)
	13.8m
	19.5m
	27.1m
	36.9m

	
	InH (central UE only)
	2GHz/15kHz/50MHz
	2.2m
	2.8m
	4.1m
	6.6m

	
	
	2GHz/15kHz/50MHz (Sync. error)
	13.7m
	18.2m
	23.6m
	30.1m

	
	UMi
	2GHz/15kHz/50MHz
	2.1m
	3.5m
	7.8m
	19.1m

	
	
	2GHz/15kHz/50MHz (Sync. error)
	15.5m
	20.6m
	26.4m
	42.7m

	
	UMa indoor
	2GHz/15kHz/50MHz
	4.9m
	46m
	119m
	346m

	
	
	2GHz/15kHz/50MHz (Sync. error)
	28.3m
	48m
	169m
	397m

	
	UMa outdoor
	2GHz/15kHz/50MHz
	2.6m
	5.2m
	17.8m
	60m

	
	
	2GHz/15kHz/50MHz (Sync. error)
	17.3m
	24m
	37m
	67m

	FR2
	InH
	30GHz/120kHz/100MHz
	1.1m
	1.6m
	2.4m
	4.8m

	
	
	30GHz/120kHz/100MHz (Sync. error)
	15.8m
	21.7m
	29.1m
	38.1m

	
	UMi
	30GHz/120kHz/100MHz
	2.4m
	4.4m
	7.9m
	17.5m

	
	
	30GHz/120kHz/100MHz (Sync. error)
	14.8m
	19.3m
	23.8m
	29.5m



UTDOA
The positioning 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: _Ref533518556]Table 3 CDF of UTDOA error with perfect synchronization
	
	
	Carrier freq./SCS/BW
	50%
	67%
	80%
	90%

	FR1
	InH
	4GHz/30kHz/100MHz
	2.0m
	3.9m
	7.6m
	15.0m

	
	
	4GHz/15kHz/50MHz
	3.8m
	6.1m
	9.9m
	19.4m

	
	
	2GHz/15kHz/50MHz
	3.7m
	6.2m
	9.7m
	18.4m

	
	
	2GHz/15kHz/5MHz
	23.0m
	33.6m
	41.1m
	56.4m

	
	InH (central UE only)
	4GHz/30kHz/100MHz
	1.2m
	1.5m
	3.0m
	6.4m

	
	
	4GHz/15kHz/50MHz
	2.1m
	2.9m
	4.3m
	8.2m

	
	
	2GHz/15kHz/50MHz
	2.1m
	2.8m
	4.3m
	7.6m

	
	
	2GHz/15kHz/5MHz
	14.0m
	25.1m
	33.3m
	43.3m

	
	UMi
	4GHz/30kHz/100MHz
	1.2m
	2.0m
	4.0m
	9.7m

	
	
	4GHz/15kHz/50MHz
	2.4m
	3.6m
	6.1m
	12.2m

	
	
	2GHz/15kHz/50MHz
	2.4m
	3.5m
	6.2m
	12.1m

	
	
	2GHz/15kHz/5MHz
	20.9m
	30.3m
	40.0m
	57.8m

	
	UMa indoor
	4GHz/30kHz/100MHz
	154.4m(H)
	231.6m(H)
	337.3m(H)
	535.6m(H)

	
	
	4GHz/15kHz/50MHz
	160.3m(H)
	249.8m(H)
	339.7m(H)
	483.4m(H)

	
	
	2GHz/15kHz/50MHz
	124.4m(H)
	218.4m(H)
	334.5m(H)
	468.4m(H)

	
	
	2GHz/15kHz/5MHz
	109.7m(H)
	202.5m(H)
	296.6m(H)
	470.6m(H)

	
	UMa outdoor
	4GHz/30kHz/100MHz
	2.5m(H)
	10.3m(H)
	45.5m(H)
	128.4m(H)

	
	
	4GHz/15kHz/50MHz
	3.0m(H)
	7.8m(H)
	31.0m(H)
	98.1m(H)

	
	
	2GHz/15kHz/50MHz
	2.9m(H)
	5.8m(H)
	27.2m(H)
	66.7m(H)

	
	
	2GHz/15kHz/5MHz
	21.1m(H)
	33.0m(H)
	48.7m(H)
	90.4m(H)

	FR2
	InH
	30GHz/120kHz/100MHz
	1.1m
	1.7m
	2.4m
	4.6m

	
	
	30GHz/120kHz/400MHz
	0.2m
	0.4m
	0.6m
	1.3m

	
	UMi
	30GHz/120kHz/100MHz
	7.8m
	18.3m
	29.5m
	48.0m

	
	
	30GHz/120kHz/400MHz
	3.5m
	6.3m
	11.1m
	18.3m



The comparisons between perfect synchronization and synchronization error with 50ns r.m.s. error are shown in Table 4.
[bookmark: _Ref533518570]Table 4 CDF of UTDOA error with synchronization error
	
	
	Carrier freq./SCS/BW
	50%
	67%
	80%
	90%

	FR1
	InH
	2GHz/15kHz/50MHz
	3.7m
	6.2m
	9.7m
	18.4m

	
	
	2GHz/15kHz/50MHz (Sync. error)
	22.8m
	30.9m
	42.8m
	56.0m

	
	InH (central UE only)
	2GHz/15kHz/50MHz
	2.1m
	2.8m
	4.3m
	7.6m

	
	
	2GHz/15kHz/50MHz (Sync. error)
	15.8m
	23.5m
	31.1m
	44.3m

	
	UMi
	2GHz/15kHz/50MHz
	2.4m
	3.5m
	6.2m
	12.1m

	
	
	2GHz/15kHz/50MHz (Sync. error)
	20.2m
	26.1m
	35.0m
	49.4m

	
	UMa indoor
	2GHz/15kHz/50MHz
	124.4m(H)
	218.4m(H)
	334.5m(H)
	468.4m(H)

	
	
	2GHz/15kHz/50MHz (Sync. error)
	126.4m(H)
	206.0m
	285.2m(H)
	431.3m(H)

	
	UMa outdoor
	2GHz/15kHz/50MHz
	2.9m(H)
	5.8m(H)
	27.2m(H)
	66.7m(H)

	
	
	2GHz/15kHz/50MHz (Sync. error)
	26.7m(H)
	31.7m(H)
	57.8m(H)
	109.8m(H)

	FR2
	InH
	30GHz/120kHz/100MHz
	1.1m
	1.7m
	2.4m
	4.6m

	
	
	30GHz/120kHz/100MHz (Sync. error)
	15.8m
	21.7m
	29.1m
	38.0m

	
	UMi
	30GHz/120kHz/100MHz
	7.8m
	18.3m
	29.5m
	48.0m

	
	
	30GHz/120kHz/100MHz (Sync. error)
	18.4m
	25.2m
	36.9m
	52.7m



DAOD
The positioning error of 50%, 67%, 80%, and 90% for all cases are summarized in Table 5. The detailed simulation results can be found in the Appendix A.
[bookmark: _Ref533674192]Table 5 CDF of DAOD error
	FR2
	InH
	30GHz/120kHz/100MHz
	0.6m
	1.0m
	1.8m
	3.8m

	
	
	30GHz/120kHz/400MHz
	0.6m
	1.0m
	1.6m
	3.6m

	
	UMi
	30GHz/120kHz/100MHz
	21.9m
	36.3m
	52.3m
	77.6m

	
	
	30GHz/120kHz/400MHz
	23.2m
	36.7m
	53.6m
	77.5m



UAOA
The positioning 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: _Ref533674222]Table 6 CDF of UAOA error
	
	
	Carrier freq./SCS/BW
	50%
	67%
	80%
	90%

	FR1
	InH
	4GHz/30kHz/100MHz
	0.23m
	0.47m
	1.30m
	3.16m

	
	
	4GHz/15kHz/50MHz
	0.23m
	0.47m
	1.40m
	3.16m

	
	
	2GHz/15kHz/50MHz
	0.26m
	0.55m
	1.62m
	3.85m

	
	InH 
(central UE only)
	4GHz/30kHz/100MHz
	0.16m
	0.29m
	0.91m
	2.86m

	
	
	4GHz/15kHz/50MHz
	0.16m
	0.29m
	0.91m
	2.43m

	
	
	2GHz/15kHz/50MHz
	0.19m
	0.40m
	1.09m
	2.91m

	
	UMi
	4GHz/30kHz/100MHz
	18.0m
	29.9m
	45.7m
	71.5m

	
	
	4GHz/15kHz/50MHz
	18.0m
	30.0m
	45.7m
	72.5m

	
	
	2GHz/15kHz/50MHz
	16.0m
	26.4m
	39.8m
	59.5m

	
	UMa indoor
	4GHz/30kHz/100MHz
	216m(H)
10.5m(V)
	340m(H)
13.5m(V)
	470m(H)
15.5m(V)
	 624m(H)
18.5m(V)

	
	
	4GHz/15kHz/50MHz
	200m(H)
9.5m(V)
	295m(H)
12.5m(V)
	426m(H)
15.5m(V)
	606m(H)
18.5m(V)

	
	
	2GHz/15kHz/50MHz
	187m(H)
9.5m(V)
	284m(H)
13.5m(V)
	388m(H)
15.5m(V)
	582m(H)
18.5m(V)

	
	UMa outdoor
	4GHz/30kHz/100MHz
	81.5m(H)
1.5m(V)
	143m(H)
1.5m(V)
	223m(H)
1.5m(V)
	380m(H)
10.4m(V)

	
	
	4GHz/15kHz/50MHz
	65.5m(H)
1.5m(V)
	121m(H)
1.5m(V)
	197m(H)
1.5m(V)
	391m(H)
15.9m(V)

	
	
	2GHz/15kHz/50MHz
	67.2m(H)
1.5m(V)
	112m(H)
1.5m(V)
	163m(H)
1.5m(V)
	238m(H)
22.5m(V)

	FR2
	InH
	30GHz/120kHz/100MHz
	0.6m
	1.0m
	1.8m
	4.5m

	
	
	30GHz/120kHz/400MHz
	0.6m
	1.0m
	1.6m
	3.8m

	
	UMi
	30GHz/120kHz/100MHz
	25.3m
	44.4m
	60.8m
	85.5m

	
	
	30GHz/120kHz/400MHz
	29.1m
	48.6m
	68.2m
	95.4m


E-CID
The positioning error of 50%, 67%, 80%, and 90% for all cases are summarized in Table 7. The detailed simulation results can be found in the Appendix A.
[bookmark: _Ref533675824]Table 7 CDF of E-CID error
	
	
	Carrier freq./SCS/BW
	50%
	67%
	80%
	90%

	FR1
	InH
	4GHz/30kHz/100MHz
	0.8m
	1.0m
	1.2m
	11.1m

	
	
	4GHz/15kHz/50MHz
	1.5m
	1.9m
	2.4m
	10.2m

	
	
	2GHz/15kHz/50MHz
	1.5m
	2.0m
	2.4m
	10.6m

	
	UMi
	4GHz/30kHz/100MHz
	1.1m
	1.6m
	3.1m
	12.6m

	
	
	4GHz/15kHz/50MHz
	1.9m
	2.3m
	3.7m
	12.9m

	
	
	2GHz/15kHz/50MHz
	1.9m
	2.4m
	4.8m
	17.6m

	FR2
	InH
	30GHz/120kHz/100MHz
	0.8m
	1.0m
	1.1m
	1.3m

	
	
	30GHz/120kHz/400MHz
	0.3m
	0.4m
	0.6m
	1.0m

	
	UMi
	30GHz/120kHz/100MHz
	1.9m
	6.5m
	15.4m
	39.3m

	
	
	30GHz/120kHz/400MHz
	0.9m
	6.4m
	18.9m
	39.1m



Multi-RTT
The positioning error of 50%, 67%, 80%, and 90% for all cases are summarized in Table 8. The detailed simulation results can be found in the Appendix A.
[bookmark: _Ref533675847]Table 8 CDF of multi-RTT error
	
	
	Carrier freq./SCS/BW
	50%
	67%
	80%
	90%

	FR1
	InH
	4GHz/30kHz/100MHz
	0.9m
	1.2m
	2.0m
	9.5m

	
	
	4GHz/15kHz/50MHz
	1.8m
	2.4m
	3.8m
	10.4m

	
	
	2GHz/15kHz/50MHz
	1.9m
	2.4m
	3.9m
	11.4m

	
	
	2GHz/15kHz/5MHz
	8.1m
	10.2m
	12.8m
	18.8m

	
	InH (central UE only)
	4GHz/30kHz/100MHz
	0.8m
	1.0m
	1.2m
	2.0m

	
	
	4GHz/15kHz/50MHz
	1.7m
	2.0m
	2.4m
	3.6m

	
	
	2GHz/15kHz/50MHz
	1.7m
	2.0m
	2.3m
	3.2m

	
	
	2GHz/15kHz/5MHz
	7.4m
	8.9m
	10.7m
	12.8m

	
	UMi
	4GHz/30kHz/100MHz
	1.1m
	2.1m
	6.0m
	13.4m

	
	
	4GHz/15kHz/50MHz
	2.0m
	2.7m
	4.5m
	8.8m

	
	
	2GHz/15kHz/50MHz
	2.0m
	2.8m
	5.1m
	10.0m

	
	
	2GHz/15kHz/5MHz
	15.2m
	19.5m
	24.6m
	32.7m

	FR2
	InH
	30GHz/120kHz/100MHz
	0.8m
	1.0m
	1.1m
	1.3m

	
	
	30GHz/120kHz/400MHz
	0.2m
	0.4m
	0.7m
	1.4m

	
	UMi
	30GHz/120kHz/100MHz
	5.6m
	12.5m
	21.9m
	33.7m

	
	
	30GHz/120kHz/400MHz
	2.4m
	4.8m
	8.2m
	12.7m



For ranging-based solutions, including OTDOA/UTDOA/E-CID/Multi-RTT, it is generally true that a wider bandwidth would yield a better accuracy as long as sufficient energy is accumulated to compensate for the PSD loss, while for angle-based solutions, including DAOD and UAOA, the accuracy is less dependent on the bandwidth, yet is affected by the BS-UE distance. Thus, ranging-based solutions are more suited for outdoor scenarios and angle-based solutions are more suited for indoor scenarios.
For E-CID and multi-RTT, UE Rx-Tx time difference is based on PRS reception and SRS transmission with and BS Rx-Tx time difference is based on SRS reception and PRS transmission. The Rx-Tx time differences at both UE and BS are calculated in digital baseband, and the additional delay between digital output and antenna connector is assumed to be 0. This may be ideal for E-CID and multi-RTT, thus may be slightly optimistic. For TDOA based solutions, those additional delays both at UE and BS are cancelled with the differential operation. Therefore, we think that the candidate ranging-based techniques for commercial use cases should at least include OTDOA and UTDOA.
All the simulations are based on TR 38.901 [7], which does not properly model the propagation delay in case of NLOS. Using the model, i.e. assuming the first cluster to have the LOS delay, could probably give an over-optimistic results for all ranging-based solutions. In our companion contribution [8], we present our view on how to properly address the delay issue based on the current channel model.

Conclusion
Based on the simulation results and the discussion, we have the following observations:
Observation 1: OTDOA/UTDOA with or without synchronization errors can meet the regulatory requirements.
Observation 2: OTDOA/UTDOA with perfect synchronization can meet the commercial requirements in UMi and InH.
Observation 3: DAOD and UAOA can meet the commercial requirements for InH.
Observation 4: E-CID and multi-RTT can meet the commercial requirements for InH and UMi.
Observation 5: For UMi, OTDOA and UTDOA are recommended for commercial use cases.
Observation 6: For InH, UAOA and DAOD are recommended for commercial use case.
Observation 7: The channel model in TR 38.901 gives optimistic results for all ranging based solutions.
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Appendix A
A.1 OTDOA
A.1.1 FR1 with perfect synchronization
The CDF results of OTDOA positioning error in FR1 are shown in Figure 1, Figure 2, and Figure 3 for the case of InH, UMi, and UMa, respectively. For UMa, indoor and outdoor UEs with horizontal and vertical errors are illustrated in separate subfigures. 
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[bookmark: _Ref528401904]Figure 1 CDF of OTDOA error of InH with all UE (left) and central UE (right) in FR1
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[bookmark: _Ref528402086]Figure 2 CDF of OTDOA error of UMi in FR1
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[bookmark: _Ref528402099]Figure 3 CDF of OTDOA error of UMa horizontal and vertical in FR1

A.1.2 FR2 with perfect synchronization
The CDF results of OTDOA positioning error in FR2 are shown in Figure 4 for the case of UMi and InH.
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[bookmark: _Ref528418778]Figure 4 CDF of OTDOA error of UMi (left) and InH (right) in FR2
A.1.3 FR1 with synchronization error
The CDF results of positioning error for OTDOA in FR1 are shown in Figure 5. 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 5 CDF of OTDOA error under synchronization error in FR1
A.1.4 FR2 with synchronization error
The CDF results of positioning error for OTDOA in FR2 are shown in Figure 6. The r.m.s. error between BS is assumed to be T1=50ns.
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[bookmark: _Ref533673930]Figure 6 CDF of OTDOA error under synchronization error in FR2
A.2 UTDOA
A.2.1 FR1 with perfect synchronization
The CDF results of UTDOA positioning error in FR1 are shown in Figure 7, Figure 8, and Figure 9 for the case of InH, UMi, and UMa, respectively. For UMa, only horizontal errors are illustrated for both indoor and outdoor UEs. 
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[bookmark: _Ref533519426]Figure 7 CDF of UTDOA error of InH with all UE (left) and central UE (right) in FR1
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[bookmark: _Ref533519446]Figure 8 CDF of UTDOA error of UMi in FR1
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[bookmark: _Ref533519452]Figure 9 CDF of UTDOA error of UMa horizontal in FR1

A.2.2 FR2 with perfect synchronization
The CDF results of UTDOA positioning error in FR2 are shown in Figure 4 for the case of UMi and InH.
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Figure 10 CDF of UTDOA error of UMi (left) and InH (right) in FR2
A.2.3 FR1 with synchronization error
The CDF results of positioning error for UTDOA in FR1 are shown in Figure 11. 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. 
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[bookmark: _Ref533519411]Figure 11 CDF of UTDOA error under synchronization error in FR1
A.2.4 FR2 with synchronization error
The CDF results of positioning error for UTDOA in FR2 are shown in Figure 12. The r.m.s. error between BS is assumed to be T1=50ns.
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[bookmark: _Ref533673431]Figure 12 CDF of UTDOA error under synchronization error in FR2

A.3 DAOD
The CDF results of positioning error for UTDOA in FR2 are shown in Figure 13Figure 12.
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[bookmark: _Ref533673464]Figure 13 CDF of DAOD error in FR2

A.4 UAOA
A.4.1 FR1
The CDF results of positioning error for UL angle-based solution in FR1 are shown in Figure 14, Figure 15 and Figure 16 for InH, UMi and UMa, respectively.
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[bookmark: _Ref533673705][bookmark: _Ref528775882]Figure 14 CDF of UAOA error of InH with all UE (left) and central UE (right) in FR1
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[bookmark: _Ref533673715]Figure 15 CDF of UAOA error of UMi in FR1
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[bookmark: _Ref533673722][bookmark: _Ref528775862]Figure 16 CDF of UAOA error of UMa horizontal (left) and vertical (right) in FR1
A.4.2 FR2 
The CDF results of UAOA positioning error in FR2 are shown in Figure 17 for the case of UMi and InH. 
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[bookmark: _Ref533673854]Figure 17 CDF of UAOA error of UMi (left) and InH (right) in FR2
A.5 E-CID
A.5.1 FR1
	The CDF results of E-CID positioning error in FR1 are shown in Figure 18 for the case of UMi and InH.[image: ]
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[bookmark: _Ref533754624]Figure 18 CDF of E-CID error of UMi (left) and InH (right) in FR1
A.5.2 FR2
The CDF results of E-CID positioning error in FR2 are shown in Figure 19 for the case of UMi and InH.
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[bookmark: _Ref533754645]Figure 19 CDF of E-CID error of UMi (left) and InH (right) in FR2

A.6 Multi-RTT
A.6.1 FR1
The CDF results of multi-RTT positioning error in FR1 are shown in Figure 20, and Figure 21 for the case of InH and UMi, respectively.
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[bookmark: _Ref533675723]Figure 20 CDF of multi-RTT error of InH with all UE (left) and central UE (right) in FR1
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[bookmark: _Ref533675746]Figure 21 CDF of multi-RTT error of UMi in FR1
A.6.2 FR2
The CDF results of multi-RTT positioning error in FR1 are shown in Figure 22 for the case of UMi and InH.
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[bookmark: _Ref533754696]Figure 22 CDF of multi-RTT error of UMi (left) and InH (right) in FR2
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