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Introduction
The study on expanded and improved NR positioning SID [1] states that the study should include an analysis of the scenario and requirements for sidelink positioning:
Scenario/requirements 
· Coverage scenarios to cover: in-coverage, partial-coverage and out-of-coverage
· Requirements: Based on requirements identified in TR38.845 and TS22.261 and TS22.104
· Use cases: V2X (TR38.845), public safety (TR38.845), commercial (TS22.261), IIOT (TS22.104)
· Spectrum: ITS, licensed
In this contribution we provide our initial simulation results for network assisted one-way ranging and a comparison of SL TDOA methods  with or without macro deployment assistance. 

Simulation results
[bookmark: _Ref111129351]NW assisted one-way ranging
In our companion contribution [2] 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 aggregate TA for two users along with time-of-arrival (TOA) measurements on a single SL RS transmission. 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.

 To illustrate that the method works and get an understanding of the achievable performance, preliminary simulations were performed using the highway deployment scenario. The considered deployment is shown in Figure 2 where, we have three different node types: macro gNBs, UE-RSU, and vehicular UEs.  The vehicle UEs are dropped on the highway within the center macro cell, and no wrapping is used. Three links are simulated; gNB to vehicle UE, gNB to UE-RSU, and UE-RSU to vehicle UE. DL PRS is used for the transmissions in all links, and the configurations follow the agreements. Some parameters are listed in Table 3.
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[bookmark: _Ref111124932]Figure 2: Highway deployment, including lines indicating antenna orientations.

Given the equation above, the TOF error, E_tof, can be modelled as:

where E_ta1 and E_ta2 are the aggregated TA error corresponding to the first and second UE respectively, and E_toa is the error in the TOA estimate relative geometrical LOS.
To simplify the evaluations, the TA error is only modelled by the time-of-arrival (TOA) estimation error of the Uu link for the given UE relative to the distance between UE and gNB. In the simulations, only the RSU-UE pairs being served by the same cell (cell with strongest power) are used, securing that they have the same TA reference point.
In Figure 3 the empirical error distributions are show for the different considered error sources, and in Figure 4, the range errors are shown. The figure shows three curves, the performance of the proposed one-way ranging method with only the simulated errors presented in Figure 3 included performing 13.0m@90%, the one-way renging with additional statistical TA error added performing 37.6m@90%, and finally, for comparison, uni-cast two-way RTT between RSU and UE performing 1.26m@90%. The RTT performance only include the TOA errors, and the additional TA error added is a uniform error [-256,256]*Tc which equals a range error of [-19.5,19.5]m. The numbers are related to the RAN4 requirements (TS 38.133), and should be seen as a wore case scenarios.
Looking at the results, we see that the proposed one-way ranging metod performs well and can meet many of the ranging  requirements that has been discussed. Additionally, it can be an efficient part of a hybrid positioning soution. For the most stringent ranging requirements, uni-cast RTT type of schemes would be required, since the performance is significantly better as observed. On the other hand the resource consumption would be significanly higher. 

[bookmark: _Toc111213163]Hybrid ranging solution exploiting Uu measurements and procedures, e.g., timing advance, can provide high performing, efficient and scalable solutions.


[bookmark: _Ref111132354]Table 3: Simulation parameters
	Parameter
	Value

	Carrier frequency, GHz 
	4GHz

	Bandwidth for all links, MHz
	100MHz 

	Subcarrier spacing, kHz
	30kHz 

	gNB channel model
	TR38901 5G RURAL MACRO

	UE-RSU channel model
	TR37885 5G V2V HIGHWAY



[image: ]
[bookmark: _Ref111124581]Figure 3: Empirical error distributions of TA and ToF errors, obtained from simulations.
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[bookmark: _Ref111125267]Figure 4: Range errors for one-way ranging, with curves for one-way ranging with additional TA error, and uni-cast SL RTT included for comparison.
TDOA performance comparison
In Figure 5 we present a comparison of TDOA performance for the highway deployment, where we look at DL-TDOA using the macro gNBs and SL-TDOA using UE-RSUs. The simulation parameters are the same as in Section 3.1. As can be clearly seen, the performance of DL-TDOA is significantly better due to the better hearability of the PRS, and the inherently better GDOP provided by the macro deployment. In the CDF for SL-TDOA, the long tail above 35% is due to the UE estimated location being mapped to the closest RSU (in Rx power) when a solution is not found due to insufficient measurements. The results highlight the necessity to consider hybrid solutions, including Uu measurements, for accurate vehicle positioning.
[bookmark: _Toc111213164]Simulations show that hybrid solutions, including Uu measurements, is important for accurate vehicle positioning.
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[bookmark: _Ref111129101]Figure 5: Performance comparison of TDOA for macro and RSU highway deployments.
Conclusions
 In the previous sections we made the following observations: 
Observation 1	Hybrid ranging solution exploiting Uu measurements and procedures, e.g., timing advance, can provide high performing, efficient and scalable solutions.
Observation 2	Simulations show that hybrid solutions, including Uu measurements, is important for accurate vehicle positioning.
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