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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN#109e meeting [1], some proposals on SL positioning evaluation methodology, particularly on the detailed evaluation assumptions and potential methodology for V2X use case with highway and urban grid scenarios. These agreements are shown below:
	Agreement
For SL positioning evaluation, V2X use case with highway and urban grid scenarios defined in TR 37.885 is supported.
· The road configuration for urban grid and highway provided in TR 37.885 Annex A is reused
 
For SL positioning evaluation in highway and urban grid scenarios, UE dropping option A defined in section 6.1.2 of TR 37.885 is used, i.e.
· UE dropping option A is used for the highway scenario:
· Vehicle type distribution: 100% vehicle type 2.
· Clustered dropping is not used.
· Vehicle speed is 140 km/h in all the lanes as baseline and 70 km/h in all the lanes optionally.
· UE dropping option A is used for the urban grid scenario:
· Vehicle type distribution: 100% vehicle type 2.
· Clustered dropping is not used.
· Vehicle speed is 60 km/h in all the lanes.
· In the intersection, a UE goes straight, turns left, turns right with the probability of 0.5, 0.25, 0.25, respectively.
 
For SL positioning evaluation in highway and urban grid scenarios, antenna model follows the description in TR 37.885 section 6.1.4.
· Vehicle UE option 1 is the baseline (Vehicle UE antenna is modelled in Table 6.1.4-8 and 6.1.4-9 in TR 37.885)
· Vehicle UE option 2 (two panels) can be optionally selected by companies

For SL positioning evaluation in highway and urban grid scenarios, channel model follows description in TR 37.885 section 6.2. 

The following performance metrics for SL positioning accuracy evaluation is defined:
· For relative and absolute positioning
· horizontal accuracy
· vertical accuracy
· For ranging 
· Ranging for distance, i.e. accuracy of distance
· Ranging for angle, i.e. accuracy of angle
Companies are required to output 
· The percentiles of positioning accuracy error including 50%, 67%, 80%, 90% of UEs, 
· FFS others
· And the CDF of positioning accuracy error
Performance metrics other than positioning accuracy, such as PHY/end-to-end latency, are up to companies 

For absolute positioning evaluation, anchor UEs’ locations are known 
· In the evaluation of SL only positioning 
· Anchor UEs are used to locate target UEs
· In the evaluation of Joint Uu/SL positioning
· Both BS and anchor UEs are used to locate target UEs
In the evaluation, relative positioning or ranging is performed between two UEs within X m
· FFS X which can be different for different scenarios, e.g. highway, urban grid, etc. 
· Companies can consider to provide simulation results based on multiple X values
Positioning method should be reported by companies. 

For SL positioning evaluation,
· The existing pattern and sequence of DL-PRS or positioning SRS can be reused as baseline for evaluation purpose.
· Companies should provide the description if other pattern and sequence are evaluated, 
· AGC settling time is considered by companies
· Explicit simulation of all links, individual parameters estimation is applied. Companies should provide description of applied algorithms for estimation of signal location parameters. 
· As baseline for absolute positioning, sidelink anchors location coordinates are perfectly known. 
· Uncertainty in the sidelink anchors location coordinates can be considered by companies
· As baseline, Perfect synchronization between network and anchor UEs in the evaluation is assumed.
· Network synchronization error and timing errors defined in TR 38.857 Table 6-1 can also be optionally used by companies for Synchronization between BS and BS, between BS and anchor UEs, and between anchor UEs.

For SL positioning evaluation in highway and urban grid, the following simulation parameters are used for FR1
Evaluation parameters for SL positioning in FR1
	Parameters
	Urban grid for eV2X
	Highway for eV2X

	Carrier frequency 
	Uu : 4 GHz 
SL: 6 GHz
	Uu : 2 GHz or 4GHz
SL: 6 GHz

	BS Tx power 
	Macro BS: 49dBm 
	Macro BS: 49dBm 

	UE Tx power 
	Vehicle UE or UE type RSU: 23dBm
	Vehicle UE or UE type RSU: 23dBm

	BS receiver noise figure
	5dB
	5dB

	UE receiver noise figure
	9 dB



1. For SL absolute positioning evaluation in highway scenario, the following options are supported
· Alt 1 as optional: BS and UE-type RSU deployment follows TR 36.885, where wrap around method of 19*3 hexagonal cells with 500m ISD in Figure A.1.3-3 of TR 36.885 section A.1.3 is used. 
· Alt 2 as baseline: BSs are disabled, UE-type RSUs are uniformly located with 200m spacing on both sides of highway symmetrically. 
· Optional: staggered/unsymmetrical UE-type RSU distribution like 
[image: ]
1. For SL absolute positioning evaluation in urban grid scenario, BS and UE-type RSU deployment follows the description in TR 36.885 section A.1.3.
· Companies can provide additional BS/ UE-type RSU deployment, e.g. additional UE-type RSUs are added to UE-type RSU deployment in TR 36.885
Note: For absolute positioning in highway, Alt 1 is assumed for evaluation of joint Uu/SL positioning, Alt 2 is assumed for evaluation of SL only positioning. 

1. For evaluation of relative positioning or ranging in highway scenario
· BSs are disabled, 
· UE type RSU may be disabled (as baseline) or enabled (as optional)
· If enabled, UE-type RSUs are uniformly located with 200m spacing on both sides of highway symmetrically.
· Optional: staggered/unsymmetrical UE-type RSU distribution like 
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1. For evaluation of relative positioning or ranging in urban grid scenario 
· BSs are disabled (baseline), or enabled (optional)
· companies should report their assumption
· UE type RSU may be disabled or enabled (companies should report their assumption)
· If enabled, UE type RSU deployment follows the description in TR 36.885 section A.1.3.
· If enabled, companies can provide additional RSU deployment, e.g. additional RSUs are added to RSU deployment in TR 36.885

1. For SL positioning evaluation, simulation bandwidths of 10, 20, 40 and 100 MHz in FR1 can be used. 
1. For SL positioning evaluation, simulation bandwidths of 100, 200 and 400MHz in FR2 can be used.

1. For SL positioning evaluation of Public safety use cases 
· Companies should provide detailed simulation assumptions including selected scenarios, channel models, center frequency, UE drop models, etc.
· Evaluation methodology on channel model of TR 36.843 is reused, 
· Reuse the parameters of “Channel models” specified in Section A.2.1.2 of TR 36.843 with modification: Each component of channel model reuses what is specified in TR 38.901
· Anchor UE height should be reported by companies, e.g. anchor UE height is the same as TRP
· The performance metrics at least include absolute positioning accuracy and ranging with distance accuracy. Optionally, relative positioning accuracy or ranging with angle accuracy.
1. For SL positioning evaluation of Commercial use cases 
· Companies should provide detailed simulation assumptions including selected scenarios, channel models, center frequency, UE drop models, etc.
· Evaluation methodology on channel model of TR 36.843 is reused, 
· Reuse the parameters of “Channel models” specified in Section A.2.1.2 of TR 36.843 with modification: Each component of channel model reuses what is specified in TR 38.901
· Anchor UE height should be reported by companies, e.g. anchor UE height is the same as TRP
· The performance metrics at least include absolute positioning accuracy and ranging with distance accuracy. Optionally, relative positioning accuracy or ranging with angle accuracy

For SL positioning evaluation for IIOT use cases, InF-SH and/or InF-DH defined in TR 38.857 are used

For SL positioning evaluation on indoor factory scenarios, companies can select one of the following options for UE-2-UE channel model
· Option 1: BS-2-UE channel model defined in TR 38.901 is revised
· The UE parameters in the channel model defined in 38.901, e.g. UE height, antenna model, transmit power are used to replace gNB’s corresponding parameters.
· Anchor UE height should be reported by companies, e.g. anchor UE height is the same as TRP.
· Option 2: D2D channel mode from 36.843 A.2.1.2 is used

For SL positioning evaluation on IIOT use case, the performance metrics at least include absolute accuracy and relative accuracy.
· FFS how to select anchor UEs/RSU for absolute positioning, e.g. 20 anchor UEs/RSU are randomly deployed in the simulation area





In RAN#110 meeting [2], some proposals were agreed upon SL positioning evaluation methodology, particularly on evaluation assumptions and potential methodology for V2X, IIoT and commercial use case. These agreements are shown below:
	
Agreement
For SL positioning evaluation in IIOT use case, companies should report how to drop anchor UEs and how to select anchor UEs.
Adopt the tables in section 3 of R1-2207606 as templates to collect SL positioning simulation results from each company.
In the evaluation, relative positioning or ranging is performed between two UEs within X m, where X value(s) are reported by companies, and companies should also report the minimum distance used in the evaluations for each use case. The assumption used for X will be included in the TR for each set of results.
For SL positioning evaluation purpose, the following assumptions are further adopted
· Companies should report whether SL-PRS and other SL signals are FDMed or not FDMed, and whether other SL signals are present
· Adopting system level simulations (rather than the link level simulations) as the baseline tool 
· For SL positioning evaluation in highway scenario or urban grid scenario, the performance metrics can include absolute horizontal accuracy, relative horizontal accuracy, ranging with distance accuracy, and ranging with direction accuracy (optionally). 
· In highway and urban grid scenarios, companies can further consider other UE types, e.g. pedestrian UE or VRU devices.



In this contribution, we present our system level simulation results for V2X use case, particularly on the accuracy of absolute/relative positioning and ranging accuracy. Furthermore, the observation and analysis are also provided. 
2. Discussion 
2.1 simulation assumptions
The simulation assumptions are divided into two parts: 
· Common assumptions (Table A-1) and 
· Scenario specific assumptions (Table A-2, A-7). 
Table A-1 shown below is the common assumptions which apply in all the test cases. In the simulation, we used ZC-based (SRS-like) sequence as reference signal and adopted comb-2 and 2 symbols for each measurement occasion.  
This contribution mainly focus on V2X positioning, which includes two scenarios: highway scenario and urban grid scenario. The geometry layout assumption, channel model, UE drop model follows description in [3] and [4]. All of the evaluation cases are for FR1, and also based on SL-only positioning.
Table A-2 and A-7 are the assumptions for highway and urban grid scenarios respectively. In this simulation, we defined 8 test cases. Case 1~4 correspond to highway scenario and case 5~8 are for urban grid. In each scenario, we further define 4 different test cases, aiming to investigate the impact from bandwidth size and LOS/NLOS condition. 
2.2 Simulation results for absolute positioning 
The absolute positioning estimation is based on sidelink reference signal from RSUs to UE. The assumption is that vehicles can perform TDOA measurements based on multiple SL reference signals transmitted from the nearby RSUs. With the knowledge of the RSUs’ location, the vehicle can calculate its own coordinate. However, absolute positioning is only feasible for the case where vehicle can communicate with at least 3 RSUs. In urban grid scenario, there is only 1 RSU deployed in each intersection, which makes UE difficult to access to more than 1 RSU in its own communication range. Hence, we did not apply absolute positioning in urban grid simulation due to the lack of RSU.  
[bookmark: _Toc115429521][bookmark: _Toc118715230][bookmark: _Toc118715595]Observation 1: Absolute positioning may not be feasible in urban grid scenario, due to the lack of RSUs.
Figure 1 below is the simulation results for absolute positioning in highway scenario.  The corresponding positioning error for 50%, 67%, 80% and 90% of UEs are summarized in Table A-3.
[image: ]
[bookmark: _Ref115428847]Figure 1. Simulation results for absolute positioning in highway scenario in FR1. 

In Figure 1, we can observe that reducing the bandwidth significantly degrades the positioning performance. The accuracy drops from 0.85m using 100MHz (Case 1) to 6m using 20MHz (Case 3). There is also a small gain in case of with or without perfect LOS condition (Case 1 and Case 4). But the impact from LOS condition is not as obvious as the bandwidth.
[bookmark: _Toc115429522][bookmark: _Toc118715231][bookmark: _Toc118715596]Observation 2: For V2X absolute positioning, reducing the bandwidth significantly degrades the positioning performance.  Positioning accuracy drops from 0.85 m using 100MHz to 6 m when using 20MHz.
[bookmark: _Toc115429523][bookmark: _Toc118715232][bookmark: _Toc118715597]Observation 3: For V2X absolute positioning, requirement set A (<1.5m) can be achieved when using 100MHz bandwidth. Requirement set B (<0.5m) can almost be fulfilled considering 84% of the UEs satisfying the accuracy requirement. 

2.3 Simulation results for relative positioning 
For relative positioning, the relative positioning estimation is based on RTT and AOA measurement from one PC5 link. Figure 2 and Figure 3 show the simulation results for relative positioning in highway and urban grid scenario. To make it more intuitive, we also provide a table summarizing the V2X relative positioning measurement error captured in the figures. In the table, the error for {50% 67% 80% 90%} of the links can be found in the corresponding columns. The corresponding horizontal errors for X% UEs are summarized in Table A-4 and A-8 in the appendix. 
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[bookmark: _Ref118715146]Figure 2. Simulation results for relative positioning in highway scenario.
[image: ]
[bookmark: _Ref118715148]Figure 3. Simulation results for relative positioning in urban grid scenario.
For the CDF error at 90%, relative positioning via V2X link has worse performance than absolute positioning. The reasoning is that the relative positioning in our simulation only relies on one pair of RTT and AoA measurement, while absolute positioning can have many. Therefore, fulfilling requirement set A or set B become difficult. These are also reflexed in the simulation results. In highway, neither set A nor set B requirements can be achieved even with 100MHz. Although the overall results are poor, relative positioning can still fulfil set A requirement only when the LOS condition is ideal, i.e., full LOS channels. In urban grid scenario, set A requirement can be merely met only when using 100MHz (2.95m@90%UE). 
[bookmark: _Toc118715598]Observation 4: For V2X relative positioning measurement, only the urban grid scenario can meet the requirement set A only in LOS-only condition when x = 30m.
Comparing the simulation results with the positioning requirement, one can observe that there is still a performance gap between the simulation results and the requirement set A or B. This indicates that relative positioning only based on one RTT and one AOA measurement may not be sufficient. 
[bookmark: _Toc118715599]Observation 5: The usage of one PC5 link for V2X relative positioning may not meet either the V2X relative positioning requirement set A (<1.5m) or set B (<0.5m).

2.4 Simulation results for V2X SL-RTT ranging
Figure 4 and Figure 5 show the simulation results for ranging distance measurement in highway and urban grid. The performance is evaluated by the distance measurement accuracy (m). In both figures, not only the overall performance is provided (case 1,2,3,9,10,11), but also the positioning performance under perfect LOS conditions (corresponds to the case with ‘LOS’ mark in the legend). The corresponding horizontal errors for X% UEs are summarized in Table A-5 and A-9 in the appendix.
[image: ]    
[bookmark: _Ref111120127]Figure 4. Simulation results of SL V2X ranging in highway scenario, using RTT method. 
[image: ]
[bookmark: _Ref118715643]Figure 5. Simulation results of SL V2X ranging in urban grid, using RTT method.
From this SL FR1 simulation results, we can observe that with 100MHz BW the horizontal error for 90% SL UE is 0.62 m in urban grid scenario and 0.45 m in highway scenario. Ranging in highway scenario meets the requirement set A and set A. For urban grid case, it is still tough to meet the requirement set B, considering the high NLOS probability and strong power distortion in NLOS channel. If there is a perfect LOS condition (LOS-only), the accuracy in urban grid case can be improved to 0.52m which almost meets the requirement set B.

[bookmark: _Toc115429526][bookmark: _Toc118715235][bookmark: _Toc118715600][bookmark: _Toc111123952]Observation 6: For V2X ranging distance measurement, highway scenario can fulfil the ranging requirement set B () and requirement set A. The urban grid scenario can meet the requirement set B only in LOS-only condition.

2.5 Simulation results for V2X SL-AoA ranging
For FR1 SL-AoA evaluation, we assumed that SL UEs have the perfect knowledge of the zenith of arrival information per measurement. That is because FR1 SL devices equip with a linear antenna array with only 2 horizontal elements, which is not sufficient for the zenith of arrival detection.  Figure 6 shows the relation among zenith of arrival θ, azimuth of arrival ϕ and the angle being measured from the Rx beam α in a cartesian coordinate system. 


[image: ]
[bookmark: _Ref111120685]Figure 6: A Cartesian coordinate system with zenith of arrival θ, azimuth of arrival ϕ and the angle being measured from the Rx beam.
The Rx UE is located at the center of the coordinate system and the vector of the Rx beam is pointing toward the Tx UE. As shown in the figure, the angle measurement from Rx beam is not AoA, but an angle α which is an angle between Rx beam vector and x-axis. This angle  needs to be further calibrated to obtain the AoA  by utilizing ZoA measurement . The calibration can be done by the equation: 
.
As we can observe from the equation, if , the  = . It indicates that if two UEs have the same height (), the angle measurement  is equivalent to the AoA . So the calibration is only needed for the case where two SL UEs have different height.
[bookmark: _Toc118715601]Observation 7: Azimuth of arrival (AoA) requires calibration by using zenith of arrival (ZoA) measurement, when two UEs have different height.

However, FR1 UE antenna cannot obtain ZoA  due to the lack of vertical elements in the array. This may degrade the AoA measurement accuracy. This may also impact the measurement differently for UEs with different height. As a typical example, AoA measurement from V2V does not need to be calibrated due to the similar antenna height. On the contrary, the AoA from V2I (vehicle-to-infrastructure) suffer from the accuracy loss, because UE type infrastructure such as RSU (5 m) is much higher than the vehicle.
[bookmark: _Toc118715602]Observation 8: FR1 SL device cannot obtain zenith of arrival (ZoA) due to the lack of vertical elements in the antenna array. This may typically degrade the AoA measurement accuracy for V2I case.
Having the aforementioned assumptions (perfect ZoA knowledge), we performed simulation on SL-AoA for ranging direction measurement. The simulation results are shown in Figure 5. Likewise, the simulation is performed in both urban grid scenario (left) and highway scenario (right) using FR1 and 100 MHz bandwidth. The corresponding accuracy error is summarized in Table A-6 and A-10.  
[image: ]
[bookmark: _Ref111123546]Figure 7: Simulation results of SL V2X ranging direction measurement in highway scenario.
[image: ]
Figure 8. Simulation results of SL V2X ranging direction measurement in urban grid scenario.
From the simulation results, we can observe that the azimuth of arrival measurement error for 90% SL UE is 6.23 degree in urban grid scenario and 3.76 degree in highway scenario. Both set A and set B requirements can be fulfilled in highway and urban grid scenarios. And this applies in the cases of 100MHz and 40MHz. There are only a few cases that fails the set B requirements when operating low bandwidth, such as 20MHz.

[bookmark: _Toc118715603]Observation 9: In the FR1 SL-AoA simulation results, the ranging direction measurement error for 90% SL UE is 6.23 degree in urban grid scenario and 3.76 degree in highway scenario. Both angle requirement set A (< 15º) and requirement set B (< 8º) can be fulfilled in highway scenario and urban grid.

2.6 Impact from the maximum communication range X
Our simulation results also show that the maximum communication range X meter have a strong impact to the positioning accuracy, especially to the relative positioning accuracy. Firstly, we found that the X value is correlated with the channel quality. Channel tends to have lower path loss and higher LOS possibility when X value is small. 
[bookmark: _Toc118715604]Observation 10: The maximum communication range X value have strong impact to the positioning accuracy. Smaller X value may lead to better channel quality, e.g., higher SNR and LOS possibility.
In order to verify our observation, we perform simulation of relative positioning with various X values. The X values being compared are:
· Xs in highway scenario: 50m, 100m, 150m
· Xs in urban grid scenario: 10m, 30m, 50m.
The results are shown in Figure 9 and Figure 10.

[image: ]
[bookmark: _Ref118715530]Figure 9. Simulation results of SL V2X relative positioning with different maximum communication range X in highway scenario.
[image: ]
[bookmark: _Ref118715533]Figure 10. Simulation results of SL V2X relative positioning with different maximum communication range X in urban grid scenario.
Simulation results show a significant performance gap (larger than 2 m) in between each of the two adjacent test cases, and this applies in both highway and urban grid scenario. This indicates that the maximum communication range is also an important factor determining the accuracy, similar to BW and LOS condition. 
[bookmark: _Toc118715605]Observation 11: Simulation shows that the maximum communication range is also one of the important factors determining the positioning accuracy.
3. Conclusion
In this contribution, we discuss a potential refinement for SL positioning evaluation and also present simulation results and the corresponding analysis. Our observations are given below:

Observation 1: Absolute positioning may not be feasible in urban grid scenario, due to the lack of RSUs.
Observation 2: For V2X absolute positioning, reducing the bandwidth significantly degrades the positioning performance.  Positioning accuracy drops from 0.85 m using 100MHz to 6 m when using 20MHz.
Observation 3: For V2X absolute positioning, requirement set A (<1.5m) can be achieved when using 100MHz bandwidth. Requirement set B (<0.5m) can almost be fulfilled considering 84% of the UEs satisfying the accuracy requirement.
Observation 4: For V2X relative positioning measurement, only the urban grid scenario can meet the requirement set A only in LOS-only condition when x = 30m.
Observation 5: The usage of one PC5 link for V2X relative positioning may not meet either the V2X relative positioning requirement set A (<1.5m) or set B (<0.5m).
Observation 6: For V2X ranging distance measurement, highway scenario can fulfil the ranging requirement set B () and requirement set A. The urban grid scenario can meet the requirement set B only in LOS-only condition.
Observation 7: Azimuth of arrival (AoA) requires calibration by using zenith of arrival (ZoA) measurement, when two UEs have different height.
Observation 8: FR1 SL device cannot obtain zenith of arrival (ZoA) due to the lack of vertical elements in the antenna array. This may typically degrade the AoA measurement accuracy for V2I case.
Observation 9: In the FR1 SL-AoA simulation results, the ranging direction measurement error for 90% SL UE is 6.23 degree in urban grid scenario and 3.76 degree in highway scenario. Both angle requirement set A (< 15º) and requirement set B (< 8º) can be fulfilled in highway scenario and urban grid.
Observation 10: The maximum communication range X value have strong impact to the positioning accuracy. Smaller X value may lead to better channel quality, e.g., higher SNR and LOS possibility.
Observation 11: Simulation shows that the maximum communication range is also one of the important factors determining the positioning accuracy.
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5. Appendix
5.1 Common assumption 

Table A-1. Common assumption for all scenarios if they are different from or not specified in Agreements
	Parameter
	

	Carrier frequency
	6GHz

	Subcarrier spacing
	30kHz

	Reference Signal Transmission Bandwidth
	100MHz or 20MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	Comb-2

	Reference signal including PRS, SRS and SL-PRS
(type of sequence, number of ports, …)
	ZC-based 

	Number of symbols used per occasion
	2 symbols

	number of occasions used per positioning estimate
	1 

	Power-boosting level
	0dB

	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 in channel estimation. 
Threshold based first path detection

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	Maximum likelihood estimator for absolute coordinate calculation 

	Synchronization assumptions
	Ideal synchronization

	UE/gNB RX and TX timing error assumption
	Ideal timing error calibration

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Codebook based beam sweeping

	Additional notes, if any
	Run 10 simulations per test case. Each simulation deploys with different channel and UE drops.




5.2 Highway scenario for V2X use case
[image: ]
Figure. Geometry layout of highway scenario


Table A-2. Assumptions for highway if they are different from or not specified in Agreements 
	Parameters
	Case 1
	Case 2
	Case 3
	Case 4

	Simulation Bandwidth
	100 MHz 
	40 MHz
	20 MHz
	100MHz

	LOS condition
	Channel model defined in 37.855 
	Channel model defined in 37.855
	Channel model defined in 37.855
	LOS only

	Vehicle antenna model, array configuration
()
	Rooftop antenna 
(1, 2, 2, 1, 1) 
	Rooftop antenna 
(1, 2, 2, 1, 1)
	Rooftop antenna 
(1, 2, 2, 1, 1)
	Rooftop antenna 
(1, 2, 2, 1, 1)

	RSU antenna model, array configuration ()
	(1, 2, 2, 1, 1)
	(1, 2, 2, 1, 1)
	(1, 2, 2, 1, 1)
	(1, 2, 2, 1, 1)

	RSU deployment for absolute positioning
	Staggered RSU distribution with 200m RSU spacing like:
[image: ]


	RSU deployment for relative positioning/ranging 
	Same as aboslute position


	Selected values of X (relative positioning or ranging is performed between two UEs within X m)
	Vehicle: X = 50
RSU: X = 300 

	Vehicle: X = 50
RSU: X = 300 

	Vehicle: X = 50
RSU: X = 300 

	Vehicle: X = 50
RSU: X = 300 


	Positioning method
	Relative positioning based on one RTT and one AOA measurement
Absolute positioning using TDOA.




	Parameters
	Case 6
	Case 7
	Case 8
	Case 9

	Simulation Bandwidth
	40 MHz 
	20MHz
	100 MHz
	100 MHz

	LOS condition
	LOS only 
	LOS only
	Channel model defined in 37.855
	Channel model defined in 37.855

	Vehicle antenna model, array configuration
()
	Rooftop antenna 
(1, 2, 2, 1, 1) 
	Rooftop antenna 
(1, 2, 2, 1, 1)
	Rooftop antenna 
(1, 2, 2, 1, 1)
	Rooftop antenna 
(1, 2, 2, 1, 1)

	RSU antenna model, array configuration ()
	(1, 2, 2, 1, 1)
	(1, 2, 2, 1, 1) 
	(1, 2, 2, 1, 1)
	(1, 2, 2, 1, 1)

	RSU deployment for absolute positioning
	Staggered RSU distribution with 200m RSU spacing like:
[image: ]

	RSU deployment for relative positioning/ranging 
	Same as aboslute position

	Selected values of X (relative positioning or ranging is performed between two UEs within X m)
	Vehicle: X = 50
RSU: X = 300

	Vehicle: X = 50
RSU: X = 300

	Vehicle: X = 100
RSU: X = 300

	Vehicle: X = 150
RSU: X = 300 


	Positioning method
	Relative positioning based on one RTT and one AOA measurement
Absolute positioning using TDOA.




Table A-3. Simulation results for highway for absolute positioning - horizontal accuracy (m)
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case 1, BW100MHz, FR1, positioning method: TDOA, X = 50 m
	0.22
	0.35
	0.52
	0.85
	Yes
	No, 79% of UEs satisfying the target positioning accuracy requirement

	Case 2, BW40M, FR1, positioning method: TDOA, X = 50 m
	1.09
	1.61
	2.07
	3.06
	No (but almost)
	No, 20% of UEs satisfying the target positioning accuracy requirement 

	Case 3, BW20M, FR1, positioning method: TDOA, X = 50 m 
	2.03
	2.82
	4.41
	6.04
	No, 34% of UEs satisfying the target positioning accuracy requirement 
	No, 7% of UEs satisfying the target positioning accuracy requirement 

	Case 4, BW100M, FR1, positioning method: TDOA, LOS only, X = 50 m 
	0.19
	0.30
	0.43
	0.63
	Yes
	No, 84% of UEs satisfying the target positioning accuracy requirement

	Case 5, BW40M, FR1, positioning method: TDOA, LOS only, X = 50 m
	0.98
	1.39
	1.89
	2.55
	Yes
	No, 24% of UEs satisfying the target positioning accuracy requirement

	Case 6, BW20M, FR1, positioning method: TDOA, LOS only, X = 50 m
	1.92
	2.29
	3.63
	5.42
	No, 40% of UEs satisfying the target positioning accuracy requirement
	No, 8% of UEs satisfying the target positioning accuracy requirement



Table A-4. Simulation results for highway for relative positioning - horizontal accuracy (m)
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case 1, BW100MHz, FR1, positioning method: RTT+AoA, X = 50 m
	0.25
	0.49
	1.06
	3.25
	No, 89% of UEs satisfying the target positioning accuracy requirement
	No, 67% of UEs satisfying the target positioning accuracy requirement

	Case 2, BW40MHz, FR1, positioning method: RTT+AoA, X = 50 m
	0.65
	0.97
	1.66
	4.27
	No, 87% of UEs satisfying the target positioning accuracy requirement
	No, 35% of UEs satisfying the target positioning accuracy requirement

	Case 3, BW20M, FR1, positioning method: RTT+AoA, X = 50 m
	1.21
	1.84
	2.93
	5.94
	No, 81% of UEs satisfying the target positioning accuracy requirement
	No, 15% of UEs satisfying the target positioning accuracy requirement

	Case 4, BW100M, FR1, positioning method: RTT+AoA, LOS only, X = 50 m
	0.24
	0.46
	0.98
	2.86
	Yes
	No, 67% of UEs satisfying the target positioning accuracy requirement

	Case 5, BW40M, FR1, positioning method: RTT+AoA, LOS only, X = 50 m
	0.64
	0.93
	1.54
	3.82
	No, 88% of UEs satisfying the target positioning accuracy requirement
	No, 35% of UEs satisfying the target positioning accuracy requirement

	Case 6, BW20M, FR1, positioning method: RTT+AoA, LOS only, X = 50 m
	1.18
	1.79
	2.79
	5.55
	No, 81% of UEs satisfying the target positioning accuracy requirement
	No, 15% of UEs satisfying the target positioning accuracy requirement

	Case 7, BW100MHz, FR1, positioning method: RTT+AoA, X = 100 m
	0.65
	1.43
	2.84
	6.69
	No, 81% of UEs satisfying the target positioning accuracy requirement
	No, 44% of UEs satisfying the target positioning accuracy requirement

	Case 8, BW100MHz, FR1, positioning method: RTT+AoA, X = 150 m
	1.20 
	2.53
	4.62
	9.02
	No, 70% of UEs satisfying the target positioning accuracy requirement
	No, 32% of UEs satisfying the target positioning accuracy requirement



Table A-5. Simulation results for highway for ranging - distance accuracy (m)
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case 1, BW100MHz, FR1, positioning method: RTT, X = 50 m
	0.09
	0.14
	0.21
	0.45
	Yes
	Yes

	Case 2, BW40MHz, FR1, positioning method: RTT, X = 50 m
	   0.4611
	0.64
	0.89
	1.59
	Yes
	No, 54% of UEs satisfying the target positioning accuracy requirement

	Case 3, BW20M, FR1, positioning method: TDOA, RTT, X = 50 m
	0.85
	1.93
	1.93
	3.55
	No, 87% of UEs satisfying the target positioning accuracy requirement
	No, 29% of UEs satisfying the target positioning accuracy requirement

	Case 4, BW100M, FR1, positioning method: RTT, LOS only, X = 50 m
	0.09
	0.13
	0.21
	0.44
	Yes
	Yes

	Case 5, BW40M, FR1, positioning method: RTT, LOS only, X = 50 m
	0.45
	0.63
	0.86
	1.48
	Yes
	No, 54% of UEs satisfying the target positioning accuracy requirement

	Case 6, BW20M, FR1, positioning method: RTT, LOS only, X = 50 m
	0.45
	0.63
	0.86
	3.34
	No, 88% of UEs satisfying the target positioning accuracy requirement
	No, 29% of UEs satisfying the target positioning accuracy requirement

	Case 7, BW100MHz, FR1, positioning method: RTT, X = 100 m
	0.09
	0.14
	0.24
	0.57
	Yes
	No (but almost)

	Case 8, BW100MHz, FR1, positioning method: RTT, X = 150 m
	0.09
	0.14
	0.24
	0.62
	Yes
	No, 88% of UEs satisfying the target positioning accuracy requirement



Table A-6 Simulation results for highway for ranging positioning - angle accuracy (degree)
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case 1, BW100MHz, FR1, positioning method: AOA, X = 50m
	0.42
	0.78
	1.49
	3.76
	Yes
	Yes

	Case 2, BW40MHz, FR1, positioning method: AOA, X = 50m
	0.73
	1.31
	2.43
	5.13
	Yes
	Yes

	Case 3, BW20M, FR1, positioning method: AOA, X =50m
	1.20
	2.10
	3.52
	6.77
	Yes
	Yes

	Case 4, BW100M, FR1, positioning method: AOA, LOS only, X =50m
	0.45
	0.63
	0.86
	1.48
	Yes
	Yes

	Case 5, BW40M, FR1, positioning method: AOA, LOS only, X =50m
	0.65
	1.17
	1.96
	3.90
	Yes
	Yes

	Case 6, BW20M, FR1, positioning method: AOA, LOS only, X =50m
	1.09
	1.85
	3.04
	5.73
	Yes
	Yes

	Case 7, BW100MHz, FR1, positioning method: AOA, X = 100m
	0.67
	1.25
	2.23
	4.79
	Yes
	Yes

	Case 8, BW100MHz, FR1, positioning method: AOA, X = 150m
	0.68
	1.27
	2.26
	4.89
	Yes
	Yes





5.3 Urban grid scenario for V2X use case
[image: ] 
Figure. Geometry layout of urban grid scenario

Table A-7 Assumptions for urban grid if they are different from or not specified in the agreements
	Parameters
	Case 5
	Case 6
	Case 7
	Case 8

	Simulation Bandwidth
	100 MHz 
	40 MHz
	20 MHz
	100MHz

	LOS condition
	Channel model defined in 37.855 
	Channel model defined in 37.855
	Channel model defined in 37.855
	LOS only

	Vehicle antenna model, array configuration
()
	Rooftop antenna 
(1, 2, 2, 1, 1) 
	Rooftop antenna 
(1, 2, 2, 1, 1)
	Rooftop antenna 
(1, 2, 2, 1, 1)
	Rooftop antenna 
(1, 2, 2, 1, 1)

	RSU antenna model, array configuration ()
	(1, 2, 2, 1, 1)
	(1, 2, 2, 1, 1)
	(1, 2, 2, 1, 1)
	(1, 2, 2, 1, 1)

	RSU deployment for absolute positioning
	RSU deployment follows the description in TR 36.885 section A1.3.


	RSU deployment for relative positioning/ranging 
	RSU deployment follows the description in TR 36.885 section A1.3.


	Selected values of X (relative positioning or ranging is performed between two UEs within X m)
	
30

	30
	30
	30

	Positioning method
	Relative positioning based on RTT and AOA measurement.





	Parameters
	Case 9
	Case 10
	Case 11
	Case 12

	Simulation Bandwidth
	40 MHz 
	20 MHz
	100 MHz
	20MHz

	LOS condition
	LOS only
	LOS only
	Channel model defined in 37.855
	Channel model defined in 37.855

	Vehicle antenna model, array configuration
()
	Rooftop antenna 
(1, 2, 2, 1, 1) 
	Rooftop antenna 
(1, 2, 2, 1, 1)
	Rooftop antenna 
(1, 2, 2, 1, 1)
	Rooftop antenna 
(1, 2, 2, 1, 1)

	RSU antenna model, array configuration ()
	(1, 2, 2, 1, 1)
	(1, 2, 2, 1, 1)
	(1, 2, 2, 1, 1)
	(1, 2, 2, 1, 1)

	RSU deployment for absolute positioning
	RSU deployment follows the description in TR 36.885 section A1.3.


	RSU deployment for relative positioning/ranging 
	RSU deployment follows the description in TR 36.885 section A1.3.


	Selected values of X (relative positioning or ranging is performed between two UEs within X m)
	
30

	30
	10
	50

	Positioning method
	Relative positioning based on RTT and AOA measurement.





Table A-8 Simulation results for urban grid for relative positioning - horizontal accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case 9, BW100MHz, FR1, positioning method: RTT+AOA, X = 30m
	0.22
	0.40
	0.81
	2.95
	Yes
	No, 70% of UEs satisfying the target positioning accuracy requirement

	Case 10, BW40MHz, FR1, positioning method: RTT+AOA, X = 30m
	0.73
	1.12
	1.90
	4.62
	No, 86% of UEs satisfying the target positioning accuracy requirement
	No, 33% of UEs satisfying the target positioning accuracy requirement

	Case 11, BW20M, FR1, positioning method: RTT+AOA, X = 30m
	1.63
	2.57
	3.82
	6.94
	No, 72% of UEs satisfying the target positioning accuracy requirement
	No, 12% of UEs satisfying the target positioning accuracy requirement

	Case 12, BW100M, FR1, positioning method: RTT+AOA, LOS only, X = 30m
	0.43
	0.59
	0.78
	1.17
	Yes
	No, 57% of UEs satisfying the target positioning accuracy requirement

	Case 13, BW40M, FR1, positioning method: RTT+AOA, LOS only, X = 30m
	0.69
	1.00
	1.58
	3.20
	No, 89% of UEs satisfying the target positioning accuracy requirement
	No, 35% of UEs satisfying the target positioning accuracy requirement

	Case 14, BW20M, FR1, positioning method: RTT+AOA, LOS only, X = 30m
	1.52
	2.32
	3.39
	5.61
	No, 76% of UEs satisfying the target positioning accuracy requirement
	No, 13% of UEs satisfying the target positioning accuracy requirement

	Case 15, BW100MHz, FR1, positioning method: RTT+AOA, X = 10m
	0.10
	0.16
	0.27
	0.60
	Yes
	No, 88% of UEs satisfying the target positioning accuracy requirement

	Case 16, BW100MHz, FR1, positioning method: RTT+AOA, X = 50m
	0.39
	0.86
	2.73
	9.52
	No, 80% of UEs satisfying the target positioning accuracy requirement
	No, 55% of UEs satisfying the target positioning accuracy requirement



Table A-9 Simulation results for urban grid for ranging - distance accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case 9, BW100MHz, FR1, positioning method: RTT, X = 30m
	0.09
	0.14
	0.26
	0.62
	Yes
	No, 88% of UEs satisfying the target positioning accuracy requirement

	Case 10, BW40MHz, FR1, positioning method: RTT, X = 30m
	0.52
	0.77
	1.15
	2.04
	Yes
	No, 50% of UEs satisfying the target positioning accuracy requirement

	Case 11, BW20M, FR1, positioning method: RTT, X= 30m
	1.23
	1.95
	2.90
	4.56
	No, 80% of UEs satisfying the target positioning accuracy requirement
	No, 22% of UEs satisfying the target positioning accuracy requirement

	Case 12, BW100M, FR1, positioning method: RTT, LOS only, X= 30m
	0.08
	0.13
	0.24
	0.52
	Yes
	No (but almost)

	Case 13, BW40M, FR1, positioning method: RTT, LOS only, X= 30m
	0.51
	0.74
	1.08
	1.81
	Yes
	No, 50% of UEs satisfying the target positioning accuracy requirement

	Case 14, BW20M, FR1, positioning method: RTT, LOS only, X= 30m
	1.19
	1.85
	2.77
	4.29
	No, 82% of UEs satisfying the target positioning accuracy requirement
	No, 21% of UEs satisfying the target positioning accuracy requirement

	Case 15, BW100MHz, FR1, positioning method: RTT, X = 10m
	0.07
	0.11
	0.17
	0.38
	Yes
	Yes

	Case 16, BW100MHz, FR1, positioning method: RTT, X = 50m
	0.10
	0.17
	0.38
	2.12
	Yes
	No, 82% of UEs satisfying the target positioning accuracy requirement



Table A-10 Simulation results for urban grid for ranging positioning - angle accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case 9, BW100MHz, FR1, positioning method: AOA, X = 30m
	0.57
	1.05
	2.09
	6.23
	Yes
	Yes

	Case 10, BW40MHz, FR1, positioning method: AOA, X = 30m
	0.97
	1.81
	3.49
	8.17
	Yes
	No(almost)

	Case 11, BW20M, FR1, positioning method: AOA, X = 30m
	1.82
	3.30
	5.44
	10.04
	Yes
	No, 87% of UEs satisfying the target positioning accuracy requirement

	Case 12, BW100M, FR1, positioning method: AOA, LOS only, X = 30m
	0.52
	0.92
	1.71
	4.30
	Yes
	Yes

	Case 13, BW40M, FR1, positioning method: AOA, LOS only, X = 30m
	0.89
	1.61
	2.81
	6.16
	Yes
	Yes

	Case 14, BW20M, FR1, positioning method: AOA, LOS only, X = 30m
	1.67
	2.98
	4.74
	8.07
	Yes
	No(almost)

	Case 15, BW100MHz, FR1, positioning method: AOA, X = 10m
	0.35
	0.60
	1.06
	2.53
	Yes
	Yes

	Case 16, BW100MHz, FR1, positioning method: AOA, X = 50m
	0.77
	1.61
	3.93
	10.87
	Yes
	No, 87% of UEs satisfying the target positioning accuracy requirement
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