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Introduction
In this contribution we discuss possible Rel-17 enhancements of information reporting from UE and gNB for high accuracy positioning in LOS scenarios and best effort ToA estimation for NLOS scenarios. 
In chapter 2, we provide a short analysis for the multipath impact on the ToA accuracy in LOS, OLOS and NLOS states. We performed additional evaluations based on Ray-tracing to complete the simulations and real world evaluations from the last meeting contribution (added here in the Annex) to study the impact to the ToA measurement accuracy in the presence of multipath and NLOS. 
The evaluation results in chapter 2 motivates for the proposed solution in chapter 3. The proposed “equal spaced (N-)path reporting” is a straight forward solution enabling enhanced positioning methods including estimation of the measurement quality. 
Further details on the channel state indication are addressed in chapter 4. 
[bookmark: _Ref83028760][bookmark: _Ref79162659][bookmark: _Ref78919309][bookmark: _Ref534823887]
[bookmark: _Ref83909091]Reporting requirements for high accuracy positioning in LOS, OLOS and NLOS 
Rel 17 targets a positioning accuracy of 20cm (at least for selected scenarios and applications). This requires a time-of-arrival accuracy in the range of 0.5ns or better. For bandwidth limited signals (e.g. 100MHz in FR1) the correlation function is the convolution of the true CIR (“wideband CIR”) with a sin(x)/x (“SINC”) function. If the multipath signals arrive within the width of the “main lobe” of the SINC function the peak of the correlation function may no longer represent the true ToA of the LOS component. Especially signal reflected by objects close to the UE (ground reflections, other objects) may impair the “first lobe”.  
[bookmark: _Ref83038249]LOS conditions
LOS state: The signal strength of the LOS component is high compared the signal strength of the (individual) multipath components. This may be also the case for low K-factors, if the power of the multipath components is spread over many taps as typical for industrial scenarios. 
The target accuracy of 20cm require super resolution ToA-estimation technologies to achieve sub-sample ToA accuracy. In the following figures we assume 100MHz bandwidth (nominal sampling frequency of 122.88MHz). In this case 20cm delay (0.6ns) is equivalent to 0.08samples at 122.88MHz.  
The ToA estimation accuracy for LOS scenarios depends on the characteristics of the correlation lobe related to the first arriving path (FAP). If the delay of the multipath components is in the range of 1/bandwidth (10ns for 100MHz bandwidth, equivalent to a distance of 3 meter) or lower the FAP may be impaired by NLOS components. Multipath components with low delay relative to LOS may result from ground reflections or objects close to the UE or TRP. 
The channel model defined by TR38.901 supports ground reflections, this feature was not applied for the simulations captured TR38.857. To demonstrate the impact to the first lobe we performed complementary analysis using channel impulse responses generated by Ray-tracing. As an example we assume an InF scenario with very low clutter density (only a few reflecting objects and walls are considered). Figure 1 shows an example of the generated CIR. A CIR typical for InF-LOS scenarios includes rays with low delay (“early cluster” = ground reflections, reflections from objects close to the UE or TRP) and many other multipath components (walls, rays with 2 or more interactions to obstacles). The delay of these rays are typically higher. The channel model defined by TR38.901 generates similar CIRs, but the probability of “early cluster” is lower, if the parameters as defined by TR38.901 are used. 
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[bookmark: _Ref83033072]Figure 1: InF-LOS CIR generated with ray-tracing

The following figures show the resulting correlation function (using a SRS with 272RB and a cyclic correlation) for the given CIR example. We are mainly interested in the characteristics of the peak related to the LOS component. This part is depicted in Figure 2. The figure split the correlation function into the part resulting from the LOS component (blue, dashed), the multipath components (orange) and the composite (yellow). It is observed, that the peak of the composite signal is shifted by app. 25cm. The example covers a “good LOS” scenario with the following characteristics
· K-factor = 6dB
· Ideal UE antenna is assumed
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[bookmark: _Ref83035387]Figure 2: Comparison of “wideband CIR” and correlation function (for bandwidth 100MHz)

[bookmark: _Ref83028834][bookmark: _Ref83038262]NLOS/OLOS conditions
NLOS state : All direct components are blocked and the delay of the first arriving NLOS path depends highly on the environment characteristics, deployment and usage scenario. 
OLOS (Obstracted LOS) state: Physical effects related to OLOS are diffraction and the propagation through material (transmission). In case of narrow beams OLOS like scenarios may also result in case of non-ideal beam pointing. The LOS path may be received with a reduced gain, whereas multipath components with similar AoA (or AoD) received with a higher gain. OLOS describes an intermediate state characterized by: 
· Several multipath components arrive with low delay  
· The level of the direct path is reduced and maybe slightly delayed.    

The example given above are considered as “good LOS condition”. Taking into account more critical LOS scenarios (“OLOS” = scenarios with lower K-Factor) higher impairments of the multipath component to the correlation peak related to the FAP are expected. To demonstrate the effect we assume a CIR with a second tap arriving with delay as expected for ground reflections or objects close to the UE. Compared to the “good LOS conditions” we assume the strength of the LOS component is reduced by non-ideal antenna pattern, for example. The resulting effective K-factor is in the range of 0dB. . Figure 3 show the resulting correlation functions for different delays (1.01m … 2.81m) of the second tap. The figure shows
· Correlation function without multipath (blue, dotted)
· 4 correlation functions for 4 different delays and the position of the related second tap. 
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[bookmark: _Ref83068610]Figure 3: Impact of "early cluster" to the FAP for different delays of the second tap

The example highlights that the correlation peak in no longer at the position representing the LOS delay. In the example the peak offset is in the range of +/-0.5m (+/-1.5ns)

Observation 1:   	If several paths arrive with a small delay difference (e.g. delays typical for ground reflections or reflections from objects close to the UE) the shape of the related correlation peak deviates from the expected ideal correlation function and the correlation peak may have a significant offset relative to the true LOS delay.

The InF channel model generates such scenarios with low probability. Due to the lack of appropriate channel models we evaluated the effects from real measurements and a modified simulator (partly applying deterministic clusters) both described in further details in the Annex. Figure 4 shows the resulting ToA estimation error from the simulation and measurement experiments, we observe:
· If the FAP is detected, then the error is in the range of a few nanoseconds. This is in line with expected additional propagation distance according to diffraction at the edges of the blocker. 
· The FAP may be a overlap of several paths (remaining LOS path, paths from diffraction). If several paths with low delay overlap, the ToA-Estimator may be not able to report the correct FAP position. Even values with negative errors (estimated distance is lower than the LOS distance) may be detected. 
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[bookmark: _Ref79175961]Figure 4: ToA error for the measurement and simulation setups: box indicating the OLOS region

Observation 2:   	In “OLOS” scenarios, it is possible to detect a FAP arriving with a low delay relative to the LOS despite the fact the LOS path is attenuated. Paths related to diffraction, for example, can be detected resulting in a small distance error compared to the LOS distance and are therefore desired readings for positioning.  

[bookmark: _Ref83909155]N path reporting
	Agreement:
· For up to N>2 additional paths, support reporting relative timing (to the first detected path) in the measurement reports from UE to LMF for at least DL-TDOA and multi-RTT
· FFS: Definition of additional paths for N>2
· FFS: Whether power is additionally reported and if reported whether power is relative to first detected path or total power
· Support one of the following options for maximum value of N at RAN1#106-b (any further criteria for selection to be discussed during RAN1#106):
· Option 1: N = 4
· Option 2: N = 8
· Option 3: N = 16
· Option 4: N = 32

Agreement:
· For multipath reporting enhancements, support reporting from TRP to LMF, angle, timing, for up to additional N>2 paths for at least UL-TDOA and multi-RTT.
· FFS: Definition of additional paths for N>2
· FFS: Whether power is additionally reported and if reported whether power is relative to first detected path or total power
· Down select between the following options for N at RAN1#106-b (any further criteria for selection to be discussed during RAN1#106):
· Option 1: N = 4
· Option 2: N = 8
· Option 3: N = 16
· Option 4: N = 32



Definition of the N and path selection criteria 
N-path reporting can be used for different purposes: 
1. Strong multipath components (e.g. specular reflections or other strong distinct paths) are reported and used by positioning algorithms based on fingerprinting or considering “mirrored TRP positions”. 
2. Provide several hypothesizes for the ToA related to the FAP
3. Provide information on the correlation characteristics. This can be used to derive reliability information for the ToA measurements, for example. Reporting the characteristics of the detected FAP together with complementary information may be also an alternative for the LOS/NLOS indicator. 
Release 17 shall consider #2 and #3 as high priority for reliable high accuracy positioning. Nevertheless, the selection of criteria of the N-additional paths by the UE or TRP is crucial for the LMF and cannot be determined solely by setting the maximum number of N.

Observation 3: 	For the N-path reporting, the selected additional paths and the maximum number of N depends on the LMF usage

Observation 4: 	The selection of the maximum number of additional path reporting is alone not sufficient if the selection criteria (related to the LMF usage) is unknown.

Proposal 1: 	Agree on the expected N-paths by the LMF (definition of the N-path) preceding discussions on the maximum number of N.

Proposal 2: 	For the definition of the N-path, select one of the following alternatives: 
· Alt1. Independent N paths reports per usage:
The reported N path correspond to multiple additional paths depending on the usage which includes:
· N additional paths on possible one or more paths when the UE is uncertain on a measured ToA for RSTD or Rx-Tx, or
· N additional paths related to the FAP to enable high accuracy ToA estimation, or
· N additional paths following the reported FAP
Note: the maximum value of “N” may depend on the usage
· Alt2. Common N path report:
The reported N path correspond to multiple additional paths depending on the usage which includes:
· Upto X additional paths on possible one or more paths when the UE is uncertain on a measured ToA for RSTD or Rx-Tx
· Upto Y additional paths related to the FAP to enable high accuracy ToA estimation 
· Upto Z additional paths following the reported FAP
Note: the sum of “X”, “Y” and “Z” is less than or equal to “N”

Equal spaced (N-)path reporting 
As described in chapter 2, the correlation lobes are a composite of several (distinct) paths of the underlaying (wideband) CIR. The ToA measurements may be not able to separate these paths. Furthermore, the measurement error may depend on the algorithm used for the detection of the FAP. 
The proposed equal spaced path reporting (ESPR) is based on and offers:
· The measurement unit (UE for UE assisted and/or TRP for UL-TDOA and multi-RTT) may be not able to separate the taps of the underlying CIR
· In case of UL-TDOA and multi-RTT the LMF may collect information from several measurement units. The used method for ToA estimation shall be unambiguous. The ESPR reports the characteristics of the correlation lobe relative to a first ToA estimate.  
· Providing raw data to the LMF may enable the LMF to use advance algorithms. Furthermore simplified algorithms are sufficient for the first ToA estimate. Super resolution techniques can be implemented within the LMF. 
· Assuming the sampling frequency is selected according to the used bandwidth, the characteristics of the correlation lobe can be recovered from N=16 equal spaced samples of the correlation function. Optional N=32 can be considered also. 
For the ESPR we assume for a reporting of N-path using N samples of the correlation functions equally spaced with  with


	 where  Hz and 	(see TS38.211, chapter 4.1)
	k is defined by TS38.133 V17.2, chapter 10.1.23.3 
[bookmark: _Hlk40463200]	kmin≤k≤kmax, 
	kmin=[2] and kmax=5, when configured PRS resource of at least one of the reference cell and neighbor cell measured for the first RSTD measurement or second RSTD measurement is in FR1,
	kmin=0 and kmax=5, when configured PRS resource of both the reference cell and neighbor cell measured for both of the first RSTD measurement and the second RSTD measurement are in FR2,
Assuming a differential reporting for the N paths relative to the report for the first path a coarse granularity can be selected. For 100MHz bandwidth k may be selected as 4 or lower, representing a spacing of 1/122.88MHz or lower. 

The ESPR principle, for the example given in chapter 2.1, is depicted in Figure 5 and Figure 6. The correlation function is depicted together with the underlaying channel impulse response. 
· It is assumed the measurement unit calculates the cyclic correlation with the nominal sampling frequency according to the applicable numerology (122.88MHz for the example using bandwidth 100MHz). 
· A first ToA estimate is generated (“FAP estimate”). Relative to this first ToA estimate N samples of the correlation function (in the figure marked as “black *” are reported to the LMF. 
· The LMF can recover (by interpolation) the relevant part of the correlation function with higher resolution and can recalculate the ToA or can extract reliability information from the characteristics of the correlation lobe related to the estimated ToA 
[image: ]
[bookmark: _Ref83987982]Figure 5: ESPR reporting (N=16)
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[bookmark: _Ref83907292]Figure 6: ESPR reporting (zoom on the lobe of the FAP in Figure 5)


Observation 5: 	Reporting N > 8 equal spaced samples of the correlation function allows to recover the shape of the relevant part of the correlation function. 
Observation 6:	A differential reporting with coarse granularity is sufficient for the additional path reporting
Proposal 3: 	For N-path reporting with N>2 support equal spaced path reporting (ESPR) with N=16 (or 8 or 32)
Proposal 4:	Support reporting the power of the additional paths relative to the power of the first detected path

Channel states indicators reporting and assistance Data

	Agreement:
· Support LoS/NLoS indicators which are reported to the LMF for DL and DL+UL positioning measurements taken at UE for UE-assisted positioning or UL and DL+UL measurements at the TRP for NG-RAN assisted positioning. 
· Reporting from UE is subject to UE capability
· Positioning assistance data from LMF is enhanced for UE-based positioning by including LoS/NLoS indicators.
· FFS: Other kinds of positioning assistance data enhancements
· For LoS/NLoS detection method(s), there is no additional measurement IEs or assistance data outside of LoS/NloS indicator reporting (i.e., Option 6 from prior agreement).
· Note 1: No RAN4 requirements are expected for the LoS/NLoS indicators in RAN1’s understanding
· Note 2: LoS/NLoS indicators can be complementary to outlier rejection algorithms.

Agreement:
For LoS/NLoS indicators, a single-indicator can be reported and the supported values are a discrete set in the interval [0, 1]. 
· FFS: the number of discrete values to be supported
· Note: This does not preclude using binary values only which is up to UE/TRP implementation
· Note: Single-indicator means that one value in the interval [0, 1] is used for the LoS/NLoS indication



The number of discrete values within the interval [0,1] provides an indication on the uncertainty of the estimated LOS or NLOS channel state. To this end, the UE or TRP shall be able to report values for example with steps of 0.1 are preferred.

Proposal 5:   	For the indicator values within the interval [0,1]; allow the UE or TRP to report single values with 0.1 steps to provide the uncertainty on the predicted channel state.

Assistance data to enable the UE better identify the channel state were discussed in the last meeting but was not concluded. The LOS and NLOS channels parameters varies for different deployment scenarios (such as InF, Uma, UMi …). In order to enable a channel state analyzer at the UE to estimate a reliable channel state, the UE requires information on the one or more channel parameters (reference parameters). The UE can associate the measurements with the appropriate parameters based on the LMF indication. To provide the reference information, we see two options:
· Option-1: Channel model identifier based on TR 38.901 channel models (InF, InH, UMa, UMi). The UE will then use the parameters associated with these models as a reference for estimating the channel state.
· Option-2: Explicit parameter signaling for identified channel parameters. 
Given the limited time left to finalize this WI, discussions on set of relevant parameters in option-2 are unlikely to be concluded. Hence we prefer to support a more generic approach as in option-1:
Proposal 6:   	LMF provides the UE with information on the channel model from the set of models is TR 38.901 (InF, InH, UMa, UMi) to enable channel state identification.
Conclusions

Based on the discussion in this document, we propose the following:

Proposal 1: 	Agree on the expected N-paths by the LMF (definition of the N-path) preceding discussions on the maximum number of N.

Proposal 2: 	For the definition of the N-path, select one of the following alternatives: 
· Alt1. Independent N paths reports per usage:
The reported N path correspond to multiple additional paths depending on the usage which includes:
· N additional paths on possible one or more paths when the UE is uncertain on a measured ToA for RSTD or Rx-Tx, or
· N additional paths related to the FAP to enable high accuracy ToA estimation, or
· N additional paths following the reported FAP
Note: the maximum value of “N” may depend on the usage
· Alt2. Common N path report:
The reported N path correspond to multiple additional paths depending on the usage which includes:
· Upto X additional paths on possible one or more paths when the UE is uncertain on a measured ToA for RSTD or Rx-Tx 
· Upto Y additional paths related to the FAP to enable high accuracy ToA estimation 
· Upto Z additional paths following the reported FAP
Note: the sum of “X”, “Y” and “Z” is less than or equal to “N”

Proposal 3: 	For N-path reporting with N>2 support equal spaced path reporting (ESPR) with N=16 (or 8 or 32)
Proposal 4:	Support reporting the power of the additional paths relative to the power of the first detected path

Proposal 5:   	For the indicator values within the interval [0,1]; allow the UE or TRP to report single values with 0.1 steps to provide the uncertainty on the predicted channel state.

Proposal 6:   	LMF provides the UE with information on the channel model from the set of models is TR 38.901 (InF, InH, UMa, UMi) to enable channel state identification.

The proposals are made based on the following observations:  
Observation 1:   	If several paths arrive with a small delay difference (e.g. delays typical for ground reflections or reflections from objects close to the UE) the shape of the related correlation peak deviates from the expected ideal correlation function and the correlation peak may have a significant offset relative to the true LOS delay.

Observation 2:   	In “OLOS” scenarios, it is possible to detect a FAP arriving with a low delay relative to the LOS despite the fact the LOS path is attenuated. Paths related to diffraction, for example, can be detected resulting in a small distance error compared to the LOS distance and are therefore desired readings for positioning.  

Observation 3: 	For the N-path reporting, the selected additional paths and the maximum number of N depends on the LMF usage

Observation 4: 	The selection of the maximum number of additional path reporting is alone not sufficient if the selection criteria (related to the LMF usage) is unknown.

Observation 5: 	Reporting N > 8 equal spaced samples of the correlation function allows to recover the shape of the relevant part of the correlation function. 
Observation 6:	A differential reporting with coarse granularity is sufficient for the additional path reporting







Annex 
FR1 Experimental setup

[image: ]
[bookmark: _Ref83918930]Figure 7: FR1 measurement setup
An overview to the experimental setup and simulation setup is given in Figure 7. A true to scale plot with additional information can be found in the annex. The setup was performed in a hall with size 30x40m with 6 installed TRP. The UE was placed in the center of the hall. A blocker (wall with metal on one side and absorber on the other side) was moved from the starting position to the end position. The size of the blocker was app. 2 m width and 5 m height.
To emulate the scenario in simulation a combination of the 3GPP InF_LOS model and additional scatter cluster (“SDC” = “semi deterministic cluster”) was used. For the SDC the position is selected deterministic according to the position of objects in the hall, other parameters (e.g. phase and power) are selected randomly. Further details can be found in the annex. In the simulation, if the blocker crosses the LOS path, the LOS signal is attenuated with up to 50dB. The edges of the blocker (metal frame) are emulated as “moving scatter cluster” with a position according the movement (“moving SDC”).
Figure 8 shows the measured RSRP (blue) and the estimated signal strength of the first arriving path (red) of the measurement with the simulation results for one TRP. For the FAP power the plots indicate an attenuation of 15 to 20dB of the signal strength. For the simulation we used an attenuation of the LOS path of up to 50dB. Hence, in simulation the estimated FAP power is the signal related to the diffraction at the edges of the blocker. 
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[bookmark: _Ref83918969]Figure 8: RSRP and FAP power levels for the measurement and simulation setups.

FR1 re-simulation 
The simulation parameter agreed for Rel-16 evaluation are characterized by: 
· Random dropping (= random channel parameters)
· For InF scenarios with ISD=20m the probability that 4 or more links with LOS condition are available was high
· For models like UMi TR38.901 does not define an absolute time of arrival model (companies used different assumptions for the delay of the first arriving path). 
Depending on the application the following scenarios may be of interest
· (nearly) stationary channels: Assuming for each measurement related to one drop use the same channel parameter (only noise and interference may be random) the resulting CDF represents the “availability”. 
· Moving devices: In case of continuous measurements the change of the receive condition (e.g. change between LOS/NLOS) can be detected. This allows to identify ToA measurement errors introduced by temporal signal blockage, for example. 
· Time variant channel conditions caused by other moving objects. In this case the measurements may change, even if the UE is stationary. Examples are objects passing the UE. This may cause temporal signal blockages or additional multipath components with low delay (relative to LOS). 
The channel conditions applicable to usage scenario depend highly on the deployment (height of TRP, height of clutter, type of clutter (metal, other), etc.). For example the probability of “early cluster” (= scatterer close to the UE or the TRP) depends also on the usage scenario and deployment. Other important parameter are the K-factor of the channel. We found that the relationship between ToA-accuracy and K-factor depends also on the delay spread, or more precisely on the probability of strong early cluster. 
A review of the 3GPP channel model (statistical models according TR38.901) in relationship to deployment scenarios is summarized in the following table: 
	Parameter
	TR 38.901
	Impact of (real world) deployment
scenario 

	Impact of TRP height
	For InF models the pathloss and the LOS probability depends on the TRP height. Small scale parameters are independent from the TRP height. 
	Parameters like K-Factor and delay spread depend also on the TRP height. 

	Probability of “early cluster”
	The probability of early cluster depends on the delay spread (higher delay spread, lower probability) and the number of used clusters. 
One example for a “early cluster” is the ground reflection. This feature is optional in TR38.901
	The probability and strength depends mainly on the usage scenario (clutter density, distance of UE to objects). 
For open environments the ground reflection plays an important role (especially for industrial halls). 
Diffraction may also generate “early cluster”

	Number of CIR taps
	The subpaths related to a cluster are merged to one path. Hence, for typical simulations the number of channel taps is identical to the number of clusters
	Different types of clusters exist causing specular reflections or diffuse multipath components. For narrow band simulations this is not critical. But for wideband signals (e.g. FR2 or 100MHz) this may become relevant 


Typically the statistical properties of the channel parameters cover a wide range of possible deployment scenarios and therefore statistics measurements in a concrete environment may utilize only a small part of the parameter variation covered by the model. Therefore it is difficult to compare statistics of the model with statistics of the measurement. In measurements the variation may be lower. To overcome these issues we used a combination of statistical model and ray-tracing like approaches. 
· According to the geometry of the setup we generated a set of deterministic cluster POSITIONS. Other parameters like reflection coefficient (= strength of the cluster) and phase we selected randomly. Therefore we call this method “semi deterministic cluster” (SDC). 
· To reduce the number of SDC and to cover the effect of scattering not described by the SDC we added channel taps generated in line with methods described in TR38.901
· The power ratio of the clusters generated by the SDC method and the TR38.901 can be adjusted. 
· For a better match between measurements and simulation it may be necessary to adapt the parameter of the TR38.901 models. 
So far, in the simulations presented in this TDOC we made only minor adjustments to achieve the presented match. Only the power level of the SDC was adjusted. We added the SDC to the cluster generated by the model. We observed the following behavior
· For some TRP the TR38.901 model predicted a higher K-factor than the K-factor measured in the experiment
· The probability of “early cluster” generated according to the InF_LOS parameter set was significantly lower than the number of additional early cluster generated by the SDC. 

The setup used for the figures given in chapter 0 are depicted in Figure 9. The 3GPP model generates randomly distributed cluster (not shown in the figure). We added additional cluster (SDC) representing dedicated position in the hall (the center of the cluster is marked as green points in the figure. The related power was low and selected randomly (median value app. 27dB below a signal travelling the same distance at ideal LOS condition)). Therefore the impact to the overall channel statistic was very low.
The setup characteristics are: 
· In a hall with size 30x40m we installed 6 TRP
· The UE was placed in the center of the hall.
· A blocker (wall with metal on one side and absorber on the other side) was moved from the starting position to the end position. The size of the blocker was app. 2m width and 5m height
· During the movement the received signal was recorded and analyzed in detail. 
· To emulate the scenario in simulation a combination of the 3GPP InF_LOS model and additional scatter cluster (“SDC” = “semi deterministic cluster”). For the SDC the position is selected deterministic according to the position of objects in the hall, other parameters (e.g. phase and power) are selected randomly. Details can be found in the annex. Future enhancements of this concept may be a combination of ray-tracing based models (defining dominant scattering cluster) with statistical models (representing other scattering cluster or changes in the environment)
· In the simulation the blocker was implemented by:
· If the blocker crosses the LOS path, the LOS signal is attenuated with up to 50dB. 
· The edges of the blocker (metal frame) are emulated as “moving scatter cluster” (“moving SDC”).
· In total 43 cluster per channel are used for the simulation 
· 23 multipath cluster selected randomly according to InF_LOS parameter set 
· 12 SDC representing potential reflectors in the hall  
· 6 SDC representing the edges of the blocker 
· 1 cluster representing the ground reflection in line with TR38.901 v16.1, chapter 7.6.8 
· LOS path 

[bookmark: _Ref79162702][image: ]Figure 9: True-to-scale picture of the measurement and simulation setup
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