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Introduction
In this contribution we provide updated simulation results for V2V ranging and provide a discussion on the distance dependency on ranging performance. Additionally, we resubmit or positioning results as to highlight the benefit of hybrid (Uu+SL) positioning. The simulations focus on the V2X Highway deployment. In the appendix the updated simulation results are tabulated.

Simulation results
[bookmark: _Ref111129351]Positioning
A number of use cases are agreed to be evaluated. In this section we are present results for the V2X highway scenario, including hybrid (Uu+SL) positioning. The following agreement was made related to V2X positioning in previous meetings.
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In order to develop an understanding of the achievable performance and impact of certain design choices, simulations for the agreed highway scenario have been performed. The deployment is shown in Figure 1, showing the hexagonal three-sector site macro deployment, as well as the UE-RSUs and UEs. Additionally, the lanes of the highway are shown in blue, and the orientation of the different nodes are shown with line segments. It can also be observed that UEs are dropped on the road at the centre of the deployment, essentially within the centre most macro cell.
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[bookmark: _Ref115436005][bookmark: _Ref115435997]Figure 1: Highway deployment with macro gNBs (red circle), UE RSUs (blue cross) and vehicular UEs (green dot), including lines indicating node orientations.
Simulations are following the agreed simulation assumptions, with details found in Table 1 and Table 2.
[bookmark: _Ref115437259]Table 1: Simulation parameters
	Parameter
	Value

	Carrier frequency, GHz
	4GHz (Uu), 6GHz (SL)

	Bandwidth for all links, MHz
	[10 20 100] MHz

	Subcarrier spacing, kHz
	30kHz

	gNB channel model
	TR38901 5G RURAL MACRO

	UE-RSU channel model
	TR37885 5G V2V HIGHWAY



In Figure 2, horizontal positioning performance is shown for round trip time (RTT) based and time difference of arrival (TDOA) based positioning performed between RSUs and vehicle UEs. For comparison, the performance of Uu based DL-TDOA performed between macro gNBs and vehicle UEs is shown. The simulations have been performed with three different SRS/PRS bandwidths, 10, 20 and 100 MHz.
From Figure 2 it is clear that SL RTT and SL-TDOA has almost the same performance, under ideal assumptions. It should be noted that the RSU are perfectly synchronized in these simulations. If synchronization errors would be modelled, RTT is expected to outperform TDOA due to its inherent robustness to such errors. Moreover, since Multi-RTT positioning requires one less reference point than TDOA, one can expect that in a more sparse deployment of RSUs, Multi-RTT performs better than TDOA.
[bookmark: _Ref115437350][bookmark: _Ref115437342][image: ]
[bookmark: _Ref116027521]Figure 2: Simulation results for the Highway deployment, with RSU based SL RTT and TDOA positioning evaluated for different SRS bandwidths. For comparison, Uu based DL-TDOA using macro gNBs is shown. Additionally, hybrid Uu+SL RTT based positioning for RSU and Macro nodes is shown in green.

For this Highway scenario, the results indicate that large signal bandwidth is needed to meet the Set A (1.5m@90%) and Set B (0.5m@90%) horizontal positioning requirement, at least with timing based methods only. Here, only the Set A requirement are met with 100 MHz of bandwidth with an accuracy of 0.7m@90% for SL RTT/TDOA.
Looking at the performance of Uu based positioning, it is interesting to observe that both Set A and Set B requirements can be met with 100 MHz of bandwidth. This highlights the relevance of Uu based positioning for vehicular positioning.
Figure 2 also shows the performance of hybrid positioning, with Uu RTT and SL RTT procedures performed with the vehicles. With this combined set of measurements, performance is significantly improved. As can be seen in the figure, the Set A requirements can be met with hybrid positioning. For these evaluations, the measurements are performed separately on the respective frequency bands (Uu at 4GHz and SL at 6GHz).
[bookmark: _Toc118726401]SL positioning using RTT and TDOA are observed to have the same performance under the assumption of perfect RSU synchronization. RTT is expected to outperform TDOA under realistic sync conditions.
[bookmark: _Toc118726402]Uu based positioning (DL-TDOA) is observed to outperform SL based positioning for the given deployments. This due to larger output powers and a better deployment for positioning. 
[bookmark: _Toc118726403]Hybrid positioning (Uu+SL) is observed to provide significant gains as compared with positioning performed separately over Uu or SL.


Ranging
The following agreement have been made related to ranging in previous meetings. [image: ]
In the evaluations presented in this contribution, we consider two different timing based ranging techniques, i.e., RTT and timing advance (TA) assisted one-way ranging. The former relies on time of arrival measurements in both directions, where we assume perfect RxTx time measurements. The latter is described in our previous contribution [2], where we propose a way to exploit measurements and procedures over the Uu interface to achieve a scalable and resource efficient one-way ranging solution. The method exploits that aggregated timing advance (TA) information can be used to resolve the unknown timing between two UEs. The method makes use of the aggregated TA for two (or more) users along with time-of-arrival (TOA) measurements on a single SL-PRS transmission performed with UE specific Uu uplink (or alternatively DL) timing. The estimated time-of-flight (TOF) between two UEs can then be estimated as:

where TA1 and TA2 is the aggregated TA for the two UEs at the gNB. The TOF error, ,  can then be modelled as:

In the simulation results provided in this contribution we model the TA error of the n:th user () as the sum of the TOA errors of an UL SRS and DL PRS transmitted over Uu, and the TOA error () as the TOA error of a SL PRS transmission between devices.
The simulation results for the V2X highway scenario are presented in the next section.
V2X ranging
To evaluate the ranging performance for V2X, we consider the Highway deployment. Since we only consider vehicle-to-vehicle ranging we remove the RSUs from the deployment, but keep the macro gNBs as to be able to evaluate the TA assisted one-way ranging performance. The deployemnt is illustrated in Figure 3, where a set of 7 assisting UEs perform ranging with 15 other UEs, and additionally perform TA related measurements with the gNBs.
[image: ]
[bookmark: _Ref115446192]Figure 3: V2X Highway deployment, with assisting UEs, regular UEs and gNBs. Green and red lines indicate the orientation of the antennas.
In Figure 4 the ranging performance is shown for the proposed methods, evaluated for different bandwidths. Note that the same bandwidth is used for all links (Uu and SL) during a simulation. As can be seen RTT based ranging outperform TA assisted one-way-ranging, but it should be noted that this comes at a cost of larger resource utilization. Specifically in scenarios and use cases where ranging needs to be performed between one UE and a number of N other UEs. There, RTT resource utilization scales as 2*N, while it’s equal to 1 for TA assisted one-way-ranging, independent of number of other UEs (assuming the TA information is anyway available). The two methods can therefore, from a system and use case perspective, complement each other. 
[bookmark: _Toc118726404]Accurate SL RTT ranging and TA assisted (hybrid) one-way-ranging can be complementary solutions, trading accuracy for resource efficiency.

Coming back to Figure 4, RTT can reach 0.7m@90% with 100MHz bandwidth, and TA assisted (hybrid) one-way-ranging achieving 7.0m@90% with the same bandwidth. The distance between UEs (X value) follow the (empirical) distribution presented in Figure 9 of the appendix.
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[bookmark: _Ref115446392]Figure 4: Ranging performance with RTT and TA assisted (hybrid) ranging, with different bandwidths Figure 4evaluated for the involved links.

It should be noted that for larger distances, many of the NLOS links become undetected and fail to produce a range estimate. In total they account for about 8% of the links, and the distance distribution of these failed links is shown in Figure 10 in the appendix. These links are omitted in the statistics in Figure 4.
To further gain insights in the ranging performance at different distances, the RTT range error is plotted against the distance between involved UEs, is shown in Figure 5 for the case of 100MHz. The figure shows a scatter plot of RTT ranging errors, and for comparison the moving average as well as linear model approximation is shown. Results for both the complete data set, containing both LOS and NLOS links, and the subset of LOS links are presented.  Looking at the complete data set, the range error show large variations over the distance due to the occurrence of non-LOS channel realizations.  Note also, as pointed out above, for large distances the LOS is dominating the data set since many non-LOS links fail to produce a range estimate. Additionally, for the complete data set, a linear approximation is not necessarily a good model assumption. Essentially we have two subsets, one for LOS and one for non-LOS, with very different behavior, e.g., if considering the SINR distribution as plotted in Figure 11 in the appendix.
Looking at the LOS-only data set, a linear model shows a better fit, and we see a clear trend with a slowly increasing error with increased distance. But considering smaller bandwidths, this is not as evident (see Figure 6 and Figure 7 in the appendix). The reason may be the relatively high SINR even at large distances as seen in Figure 11 in the appendix.
[bookmark: _Toc118726405]The range error only shows a weak dependency on distance (X value) for the V2V highway ranging scenario. 
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[bookmark: _Ref118455329][bookmark: _Hlk118455396][bookmark: _Hlk118456159]Figure 5: Scatter plot of RTT ranging errors. For comparison the moving average, as well as linear model approximation, is shown. Results for both the complete data set, and the LOS only data, are presented. Note that for the complete data set, a linear approximation is not necessarily a good model assumption.

Conclusions
 In the previous sections we made the following observations: 
Observation 1	SL positioning using RTT and TDOA are observed to have the same performance under the assumption of perfect RSU synchronization. RTT is expected to outperform TDOA under realistic sync conditions.
Observation 2	Uu based positioning (DL-TDOA) is observed to outperform SL based positioning for the given deployments. This due to larger output powers and a better deployment for positioning.
Observation 3	Hybrid positioning (Uu+SL) is observed to provide significant gains as compared with positioning performed separately over Uu or SL.
Observation 4	Accurate SL RTT ranging and TA assisted (hybrid) one-way-ranging can be complementary solutions, trading accuracy for resource efficiency.
Observation 5	The range error only shows a weak dependency on distance (X value) for the V2V highway ranging scenario.
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Appendix: Simulation result summary
Simulation assumptions

[bookmark: _Ref115437268]Table 2: Common assumption for all scenarios 
	Parameter
	

	Carrier frequency
	4GHz (Uu), 6GHz (SL)

	Subcarrier spacing
	30 kHz

	Reference Signal Transmission Bandwidth
	[10 20 100] MHz

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

	Reference signal including PRS, SRS and SL-PRS
(type of sequence, number of ports, …)
	SRS (SL,UL): 2 symb, 4 comb 
PRS (DL): comb 12

	Number of symbols used per occasion
	(see above)

	number of occasions used per positioning estimate
	1

	Power-boosting level
	-

	Uplink power control (applied/not applied)
	-

	interference modelling (ideal muting, or other)
	No interference modelled

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

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

	Synchronization assumptions
	Perfect sync

	UE/gNB RX and TX timing error assumption
	Perfect timing

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Assume single dual polarized antenna element

	Additional notes, if any
	



Highway scenario for V2X use case ranging simulation results
[bookmark: _Hlk118455244]Table h-6 Simulation results for highway for ranging - distance accuracy. The distance between UEs (X value) follow the (empirical) distribution in Figure 9.
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A (1.5m)
	Whether meet the requirement of set B (0.5 m)

	BW#10M, FR#1, #RTT
	0.9
	1.4
	2.0
	3.3
	No (68%)
	No (32%)

	BW#20M, FR#1, #RTT
	0.7
	1.1
	1.6
	2.5
	No (78%)
	No (40%)

	BW#100M, FR#1, #RTT
	0.2
	0.3
	0.4
	0.7
	Yes
	No (86%)

	
	
	
	
	
	
	

	BW#10M, FR#1, #TA-OWR
	4.1
	6.6
	9.5
	14.5
	No (20%)
	No (6%)

	BW#20M, FR#1, #TA-OWR
	2.9
	4.8
	8.0
	12.9
	No (29%)
	No (10%)

	BW#100M, FR#1, #TA-OWR
	1.4
	2.4
	3.7
	6.9
	No (51%)
	No (25%)

	
	
	
	
	
	
	







Appendix: Ranging statistics
In this appendix a number of figures are presented, showing statistics for the ranging performance and underlying links/channels.
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[bookmark: _Ref118456567]Figure 6: Scatter plot of RTT ranging errors for BW=10MHz. For comparison the moving average, as well as linear model approximation, is shown. Results for both the complete data set, and the LOS only data, are presented.
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[bookmark: _Ref118456571]Figure 7: Scatter plot of RTT ranging errors for BW=20MHz. For comparison the moving average, as well as linear model approximation, is shown. Results for both the complete data set, and the LOS only data, are presented.
 [image: ]
Figure 8: Scatter plot of RTT ranging errors for BW=100MHz. For comparison the moving average, as well as linear model approximation, is shown. Results for both the complete data set, and the LOS only data, are presented.
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[bookmark: _Ref118455150]Figure 9: Empirical distribution of UE-to-UE distances in V2V Highway scenario.
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[bookmark: _Ref118454335]Figure 10: Empirical distribution of the non-detected links for which no range estimate is produced.
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[bookmark: _Ref118456352]Figure 11: SINR distribution for V2V Highway links, presented separately for LOS and NLOS.
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Figure 12: Scatter plot of RTT ranging errors for BW=10MHz. Results shown for the complete data set (LOS+NLOS links).
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Figure 13: Scatter plot of RTT ranging errors for BW=10MHz. Results shown for the LOS link data set only.
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Figure 14: Scatter plot of RTT ranging errors for BW=100MHz. Results shown for the complete data set (LOS+NLOS links).
[image: ]
Figure 15: Scatter plot of RTT ranging errors for BW=100MHz. Results shown for the LOS link data set only.
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Confirm the following working assumption on positioning accuracy requirements for V2X with the changes indicated below:
o For evaluation of V2X use-cases for SL positioning, the following accuracy requirements are considered:
= Set A (similar to “Set 2” defined in TR 38.845)

o Horizontal accuracy of 1.5 m (absolute and or relative); Vertical accuracy of 3 m (absolute ané or relative) for
90% of UEs

= Set B (similar to “Set 3” defined in TR 38.845)

o Horizontal accuracy of 0.5 m (absolute and or relative); Vertical accuracy of 2 m (absolute ané or relative) for
90% of UEs

= Note 1: For evaluated SL positioning methods, companies are expected to report:

o whether each of the two requirements are satisfied, and

o %-ile of UEs satisfying the target positioning accuracy for a requirement that may not be satisfied with 90%.
= Note 2: target positioning requirements may not necessarily be reached for all scenarios and deployments
= Note 3: all positioning techniques may not achieve all positioning requirements in all scenarios
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Special consideration for ranging:

—  For evaluations in Rel-18, ranging requirements for SL positioning are defined as:
For a given use-case, the value of the distance requirement for ranging distance accuracy is same as the value identified for horizontal positioning
accuracy for relative positioning.
The requirement on ranging direction accuracy is Y degrees for 90% of UEs.
o FFS: Exact definition of ranging direction accuracy, including value(s) of Y and reference direction

For ranging between two devices, ranging direction accuracy is defined as accuracy of angle of arrival (AoA) at a receiving node.

The following requirements on ranging direction accuracy are considered:
o SetA:Y==£15° for 90% of the UEs
o Set B: Y = +£8° for 90% of the UEs
o Note 1: For evaluations of ranging direction accuracy, companies are expected to report:
= whether each of the two requirements are satisfied, and
= %-ile of UEs satistfying the target positioning accuracy for a requirement that may not be satisfied with 90%.
o Note 2: target positioning requirements may not necessarily be reached for all scenarios and deployments.
o Note 3: all positioning techniques may not achieve all positioning requirements in all scenarios.

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 mimimum distance used in the evaluations for each use case. The assumption used for X will be mcluded in the TR for
each set of results
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Highway V2V ranging
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