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Introduction 
[bookmark: _Ref534823887]In this contribution we discuss possible Rel-17 enhancements of information reporting from UE and gNB for multipath and NLOS mitigation. 
We performed real world evaluation and studied the impact to the ToA measurement accuracy in the presence of multipath and NLOS. The evaluation results (summary is given in chapter 2, further details are given in the annex) shall be considered as background for the proposals given in chapter 3. 

[bookmark: _Ref79162659][bookmark: _Ref78919309]NLOS/OLOS channel characteristics
The impact of the limited measurement bandwidth depends highly on the channel characteristics. For very good LOS condition a high ToA accuracy is already feasible with reduced bandwidth. For limited bandwidth the correlation function related to the discrete taps of the estimated channel impulse response is the convolution of the true CIR (estimated with unlimited bandwidth) with the impulse response of the filters representing the limited bandwidth. Instead of peaks the correlation function includes “lobes”. The lobes of several correlation peaks may overlap. Especially for scenarios with weak LOS component it may become difficult to identify the first arriving path (FAP) if the related lobe is overlapped with other lobes related to multipath components arriving with low delay.

Figure 1 gives an overview to possible link states. We distinguish three states
· (Good) LOS condition: 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. 
· NLOS: 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 describes an intermediate state characterized by 
· Several multipath components arrive with low delay  
· The level of the direct path is reduced and maybe also slightly delayed.   
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. 
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[bookmark: _Ref79175805]Figure 1: Overview on the channel states: LOS, NLOS and OLOS


High accuracy positioning is feasible if the number of LOS links is sufficient (the required number of links depends on the positioning method) and/or the links providing sufficient accuracy can be detected. 
To study these effects and the feasible accuracy for OLOS scenarios we performed experiments. For further evaluation we developed a simulation setup with better support of OLOS scenarios. 
Furthermore we compared the experimental setup with simulations using the agreed 3GPP channel models (TR38.901) to justify that the experimental setup is in line with scenarios as covered by the 3GPP channel models. 

FR1 experiments
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[bookmark: _Ref78910566]Figure 2: Experimental FR1 setup
An overview to the experimental setup and simulation setup is given in Figure 2. 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 3 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: _Ref79175888]Figure 3: RSRP and FAP power levels for the measurement and simulation setups.

Figure 4 shows the resulting ToA estimation error using the same X-axis as Figure 3. We observe:
· Similar behavior for both the measurement and simulation setups. In this example the simulation behavior is slightly worse (for some snapshots the FAP is not detected).
· The ToA-Estimator is running close to the detection threshold. 
· 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

Observation 1:   	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.  

For further analysis we studied the characteristics of the correlation lobe related to the FAP. Examples are given in Figure 5. Due to the statistical nature of the used model (random position of the scattering cluster according to the InF_LOS parameters and random phase/magnitude of the SDC) the measured and the simulated correlation functions don’t fully match, but similar effects are observed.  
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	Details of the fist lobe of the correlation for LOS condition. 
The red ‘-*’  mark the samples at the nominal sampling frequency according the numerology and represent a “equal spaced path reporting” (ESPR) of the correlation function.
The green dotted line is the SINC function representing the ideal correlation with an amplitude and position according the estimated LOS path.
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	Details of the first lobe(s) NLOS/“OLOS” position (example with successful FAP detection)


[bookmark: _Ref79116072]Figure 5: Comparison of measured and simulated correlations

The x-axis is normalized to the true distance. For ideal LOS signal the peak is at distance error “0”. For LOS reception there is a very good match of the first lobe with the SINC function representing the estimated LOS path. If the first lobe is already a composite of several path the shape of the related correlation peak may deviate from the SINC function. This demonstrates that the characteristics of the first lobe (together with other parameters extracted from the correlation function) may be a good indicator for the reliability of the ToA estimation. 

Observation 2:   	If several paths arrive with a small delay difference the shape of the related correlation peak deviates from the expected ideal correlation function. The information on the shape of the lobe related to the FAP is useful as ToA reliability indicator.  

Enhancements may cover assistance data, additional measurements and signal quality reporting for better LOS/NLOS detection (or selection of the reliable measurements) by the LMF. Providing error estimates and/or reliability information to the LMF may enable algorithms for better position estimates if the number of LOS links is not sufficient. 

Proposal 1:   	For multipath mitigating, study signaling and reporting enhancements based on the characteristics of the first lobe. 
The enhancements can be coupled with measurement reliability indicators derived from the parameters of the correlation function.



FR2 experiments 
For FR2 we mainly studied the impact of beamforming. The beam (antenna) characteristics has also an impact to the channel characteristics and, hence, to the ToA estimation accuracy also. For FR2 we expect, for example, the following effects: 
· The LOS signal is received together with a multipath component. Beamsweep around the nominal LOS direction has a high impact to the ToA-accuracy
· The LOS component is partly blocked by obstacles and reflected signals may be strong. Signal strength based beam pointing may point to this multipath component. 
Further information can be found in the annex and selected results will can found in [2]. A preprint is available using the link given in the references. 
Compared to FR1 we expect:
· The narrow beamwidth may reject many multipath components. Therefore it is expected that the (effective) K-factor for FR2 channels is higher. Note: The “effective K-factor” is the K-factor measured at the antenna output and depends on the antenna characteristics. This K-factor may be higher than the “channel K-factor”. 
· On the other side non-ideal beam pointing has also a high impact to the effective K-Factor. If the LOS path is received with non-ideal beam-pointing the LOS signal strength is reduced, reducing the effective K-factor. 
· As also demonstrated in the experiments it may be even hard to distinguish LOS components from reflected components. We demonstrated this effect for two examples 
· The LOS component is attenuated by an obstacle ( OLOS scenario) and the signal strength of reflected path is higher than the LOS path. 
· Effect like ground reflection may have a high impact to the ToA-estimation accuracy. With non-ideal beam-point the ToA-error may be much higher than with ideal beam-pointing. 
In one experiment we assumed the TRP can use an initial estimate of the AoA (for UL-TDOA) or AoD (for DL-TDOA) or both (for multi-RTT) and is configuring the beam accordingly. Around the nominal beam angle we performed a two-dimensional scan (scan in azimuth and elevation) and studied the impact to the ToA measurement accuracy. This generated ToA-measurements with different accuracy. As expected the accuracy was partly correlated with the signal strength. But in case of OLOS or ground reflections the strongest beam does not provide the best measurement. Our conclusion was: For FR2 using narrow beams, the beam management procedure related to positioning measurements shall be carefully evaluated. It may be necessary to perform a scan around a first angle estimate to get the best ToA value or to scan additional angles even if the signal strength for these beams is lower than for the strongest beam. 

Observation 3:   	Non-ideal beam pointing may result in ToA-measurements with high error. A careful design of the beam steering is required for optimal performance.  




[bookmark: _Ref79164498]NLOS positioning and channel states

Additional path reporting
	Agreement:
· Study whether to support up to N>2 additional paths in the measurement reports from UE to LMF for at least DL-TDOA and multi-RTT,
· FFS: Exact value of N. 
· FFS: reporting the power of the paths in addition to the timing. 
· FFS: LMF requesting additional M non-distinct paths corresponding to the first path.
· Note 1: This agreement applies to N additional paths (i.e., not including the “first” path).
· Note 2: Rel-16 supports N=2 already. 




For additional path reporting we distinguish three cases:
· Case1- ToA selection from multiple distinct paths: 
The measurement device (UE or TRP) has multiple hypothesis on the correct ToAs of the reported measurements. For weak early detectable paths, a measurement error arises when the device in one case selects a distinct multipath component for the  reported measurement or in another case if the device selects another peak in the correlation function which leads in a false detection.
For this scenario additional path reporting as already supported in LPP is sufficient.
· Case2- Position estimation using information from multiple distinct paths:
The LMF is aware of the environment characteristics and may be able to use also NLOS paths related to reflections from walls or other objects with known position. The LMF makes use of the additional reported information for estimating the position of the measurement device. Information on multiple distinct paths, including per path power report, enables CIR fingerprinting or making direct use of the AoD and/or ToA of the multipath component which can be combined with the reported measurements for a more accurate estimate. 
For this scenario additional N>2 path reports including timing and power per path is required.
· Case3-Accurate ToA estimation using non-distinct paths corresponding to the first path
In this scenario, near multipath components (from near reflection surfaces and ground reflection or the FAP is a composite of diffracted signals) it may be difficult to assign a distinct path to the first correlation lobe considered as FAP. The ToA estimation accuracy depends on the available information and applied algorithm. Advanced ToA algorithms may achieve in such scenarios a much higher accuracy. 
For such scenarios we consider two options: 
Option 1: Several hypothesis (for the FAP ToA) of distinct paths are reported together with reliability/probability indicators and the LMF selects the best matching hypothesis.
Option 2: Together with a first estimate details on the characteristics of the first lobe are reported.  

For Scenario 3- option 2 a simple and efficient method is a “equal spaced path reporting” (called further ESPR). Taking into account the Nyquist theorem the correlation function can be described by equal spaced taps according to the bandwidth and related sampling frequency (examples see Figure 5). Reporting the characteristics of the first lobe by using the ESPR the LMF can reconstruct the full characteristics of the correlation function. We found that parts of the correlation functions are sufficient for different ToA-estimators (including super resolution algorithms such as MUSIC). The ESPR is essentially the reporting of the samples within a window selected according to a first estimate of the FAP. The required window length is FFS.  
The ESPR allows the use of different ToA-estimator algorithms by the LMF or the LMF can derive reliability information from the characteristics of the first lobe and related complementary measurements. One example for a possible enhanced ToA-estimator is a deeplearning (DL) based ToA-estimator working with ESPR input.
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[bookmark: _Ref53417682]Figure 6- CDF TOA error in InF applying different ToA estimators.

Proposal 2:   	Support LMF requesting non-distinct path reporting as “Equal spaced path reporting” (ESPR) for the power and timing of M paths at a sampling frequency is defined by the numerology.
FFS: value of M and additional message




Assuming the ESPR includes only a small portion of the correlation function, complementary information may be required. Furthermore, a normalization of the ESPR may reduce the message length by using integer values with low word length, for example. Accordingly we propose to report together with the ESPR samples complementary measurements. An example of the message content is given in the following table. 

	ToA of FAP
	The ToA measurement may provide already a first ToA measurement. This measurement defines also the position of the ESPR window

	Optional: 
FAP ToA resolution
	In the simplest case the device may not apply super resolution techniques and reports correlation peaks at the nominal sampling frequency. In this case FAP ToA resolution may be the sampling frequency used by the demodulator.  

	ESPR window length
	Number of samples used for the ESPR

	ESPR sampling frequency
	Typically the sampling frequency is defined by the numerology

	ESPR start position 
	Start position of the ESPR window relative to the FAP

	Normalization factor
	Factor used for the normalization of the ESPR samples. This may allow to calculate from the ESPR samples the power share inside the ESPR window. K-factor estimates can be also derived, if the LOS path in the ESPR window is estimated. 

	RSRP (or power outside the ESPR window)
	To calculate the RSRP the power of the signal outside the ESPR window is required. 

	ESPR samples
	M samples of the correlation function according to the selected window length 



Channel state reporting
	Agreement:
· Study reporting of LoS/NLoS indicators for DL, UL, and DL+UL positioning measurements taken at both UE and TRP at least for UE assisted positioning. 
· Study the following options (or combinations of the following options) for LoS/NLoS indicators
· Option 1: Binary (i.e., hard) value indicators
· Option 2: Soft value indicators (i.e., [0,1]). 
· FFS: Format and criteria for determination 
· FFS: additional information or options
· FFS: LoS/NLoS indicators for UE-based positioning




As demonstrated by the experiments for “OLOS” scenarios the absolute-time-of-arrival (ATOA) offset may be low and the related ToA measurements are likely to be useful for positioning with accuracy in the range of 1 m or better. Especially if the number of LOS links is not sufficient the positioning algorithm may benefit from indicators representing the expected measurement accuracy. From the measurements several parameter can be derived, but only a combination of several parameters may give a reliable indicator. 

Observation 4:	It may be difficult to distinguish between NLOS scenario where the FAP arrives with a high delay relative to LOS and “OLOS” where the FAP includes an attenuated LOS path or the FAP has a minor delay relative to LOS only. 

For identifying the channel state, the device will weigh measured channel parameters against the reference expected ranges for each channel state. Since the parameter value range in LOS and NLOS states are overlapping, the device will not be able to explicitly detect a channel state. To this end, a confidence or reliability information and optionally information on the occurrence shall be reported. Additionally, since the detection of the one channel state is independent from the other state; the device can report secondary channel state: in one example the device can detect that the FAP corresponds to a LOS state with a confidence of 60% and to a NLOS with a with a confidence of 50%.

Proposal 3:   	Support a soft value for the channel state indicator according to option 2. The channel state indicator shall include following information:
· Channel state: LOS, NLOS
· Confidence: an indication of the confidence in the provided channel state
· FAP Quality:  an indication of the quality of the FAP (OLOS)

· Secondary channel state (optional): LOS, NLOS
· Secondary channel confidence (optional): an indication of the confidence in the secondary channel state

· Occurrence (optional): provides the percentage that a channel state occurred over a period of time. This field is present for the case the channel state is not reported per measurement (i.e. reported for multiple measurements).

Assistance data for LOS/NLOS state identification by the LMF

	
Agreement:
· Study multipath reporting enhancements for DL, UL, and DL+UL positioning to enable LoS/NLoS/multipath identification and mitigation at the LMF for UE-assisted positioning. 
· FFS: Details of the enhancements.



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 analyzer can associate the measurements with the appropriate parameters based on the LMF indication. To provide the reference information, we see two options:
· Option1: Channel model identifier (for example based on TR 38.901 channel models)
· Option2: Explicit parameter signaling for identified channel parameters. 

Proposal 4:   	LMF provides the UE with information on the channel model or channel parameters to enable channel state identification.

	Agreement:
As part of studying LoS/NLoS information reporting, study at least the following options for information to enable/assist LoS/NLoS detection: 
· Option 1: Polarization information reporting from UE/gNB to LMF. 
· Option 2: Coherence bandwidth information reporting from UE/gNB to LMF. 
· Option 3: Propagation time difference information reporting from UE/gNB to LMF. 
· Option 4: RSRP reporting from UE/gNB to LMF with finer granularity
· Option 5: Ricean factor and the variance of Channel Frequency Response (CFR) information reporting from UE/gNB to LMF
· Option 6: No specification impact outside of LoS/NLoS reporting
Note: Companies are encouraged to identify differences in information reporting and any performance gains compared with multipath information reporting




In our view, reporting specific channel information to enable the channel state identification at the LMF can only be justified if there is a performance gains over additional path reporting.

Observation 5:	Additional path reporting including the ESPR for the FAP is a superior alternative for the reporting of several indicators to the LMF.

UE Mobility and Phase Measurements
Obtaining additional information, for example from RAT-independent technologies that are supported by a UE, are useful in NLOS mitigation. The LMF can associate the UL and DL measurements with the UE reported displacement and orientation information. With the help of this information the LMF can identify NLOS states or correct multipath impairments. Motion State Information is supported in LPP, however only OTDOA measurements are supported. Hence we propose:

Proposal 5:   	For NLOS mitigation, support the UE to provide the LMF with motion information reports with the same timestamps as the measurements or transmitted SRS for NR methods. 
	Send this agreement in an LS to RAN2.

In a related aspect, the ToF difference is associated to the movement profile:  in Figure 7 can be directly related to the phase difference between the two radio signals received at point A and point B (i.e. ) is calculated using   , where  is a random error that accounts for frequency jitter. The phase difference is used to recognize any state change (i.e. LOS vs. NLOS). In case the LOS path is blocked or obstructed, a NLOS scattering cluster can be considered as a virtual TRP resulting in  which does not correspond to the trajectory and in many cases will experience high jitter and discontinuity due to the behavior of the phase measurements characteristic to NLOS situation.
[image: ]
[bookmark: _Ref79163644]Figure 7: Using displacement and orientation information to identify a channel state and correct measurements

	Agreement:
For multipath reporting enhancements, study reporting from TRP to LMF, angle, timing, phase (of additional paths) and power for the additional N paths (value of N is part of the study).
· Note: Companies are not obligated to provide inputs for all parameters in their study




Proposal 6:   	Support the UE to measure and report phase information over multiple time instants.


Conclusions

Based on the discussion in this document, we propose the following:
Proposal 1:   	For multipath mitigating, study signaling and reporting enhancements based on the characteristics of the first lobe. 
The enhancements can be coupled with measurement reliability indicators derived from the parameters of the correlation function.

Proposal 2:   	Support LMF requesting non-distinct path reporting as “Equal spaced path reporting” (ESPR) for the power and timing of M paths at a sampling frequency is defined by the numerology.
FFS: value of M and additional message.

Proposal 3:   	Support a soft value for the channel state indicator according to option 2. The channel state indicator shall include following information:
· Channel state: LOS, NLOS
· Confidence: an indication of the confidence in the provided channel state
· FAP Quality:  an indication of the quality of the FAP (OLOS)

· Secondary channel state (optional): LOS, NLOS
· Secondary channel confidence (optional): an indication of the confidence in the secondary channel state

· Occurrence (optional): provides the percentage that a channel state occurred over a period of time. This field is present for the case the channel state is not reported per measurement (i.e. reported for multiple measurements).
	
Proposal 4:   	LMF provides the UE with information on the channel model or channel parameters to enable channel state identification.

Proposal 5:   	For NLOS mitigation, support the UE to provide the LMF with motion information reports with the same timestamps as the measurements or transmitted SRS for NR methods. 
	Send this agreement in an LS to RAN2.

Proposal 6:   	Support the UE to measure and report phase information over multiple time instants.

The proposals are made based on the following observations:  
Observation 1:   	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 2:   	If several paths arrive with a small delay difference the shape of the related correlation peak deviates from the expected ideal correlation function. The information on the shape of the lobe related to the FAP is useful as ToA reliability indicator.  

Observation 3:   	Non-ideal beam pointing may result in ToA-measurements with high error. A careful design of the beam steering is required for optimal performance.  

Observation 4:	It may be difficult to distinguish between NLOS scenario where the FAP arrives with a high delay relative to LOS and “OLOS” where the FAP includes an attenuated LOS path or the FAP has a minor delay relative to LOS only. 

Observation 5:	Additional path reporting including the ESPR for the FAP is a superior alternative for the reporting of several indicators to the LMF.
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ANNEX

FR1 experiments and 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 2 are depicted in Figure 8. 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 8: True-to-scale picture of the measurement and simulation setup



FR2 Experiments
Further details can be found in [2]. 
Assuming devices supporting beam-forming the interaction between the beam forming and the measurements (ToA, AoA, AoD) must be considered. As an example we use the measurements of an experimental setup. We installed two antenna arrays with configurable beam angles in a small hall (size app. 30mx40m) with the following parameter 
· FR2  (28GHz)
· Receive antenna array with 16x16 elements, beamwidth app. 7deg
· “medium” TX power (23dBm, representing the EIRP of a small antenna)
· to control the AoD we used for the TX also an antenna array 
· As transmit signal we used a SRS, COMB=4, 4 symbols, staggering, 400MHz bandwidth, SCS=120kHz 
[image: ]
Figure 9: FR2 experimental setup for ToA measurement accuracy 
To study the impact of the beam sweeping accuracy we recorded the correlation function for different settings of the TX and RX beam angles. In one experiment we compared LOS and OLOS. For the OLOS experiment we placed a small obstacle (size app. 0.5m*1m) to (partly) block the LOS link. 
The resulting correlations are depicted in the following figures. The correlation function is calculated as cyclic correlation at the nominal sampling frequency of 491.52MHz according the bandwidth 400MHz and for the plot resampled (interpolated) to a higher resolution. The figure show magnitude of the complex valued I/Q samples. The red dashed line shows the estimated LOS peak. The X-axis is normalized to the true distance (= expected correlation peak is centered at “0”) and scaled in meter (one sample @ 491.52MHz is equivalent to 0.61m). 
We performed measurements for different settings of the beam angles. For the OLOS we observe: 
· OLOS, ideal pointing: The direct path is attenuated by app. 22dB 
· Signal strength based pointing: The ground reflection is app. 13dB stronger than the direct path. If the RX beam is selected according the highest received power, the beam will point to the ground and the direct path is no longer received. In the example the additional path length was app. 4.2m. 
· With ideal pointing of the RX the direct path can be even detected with non-ideal pointing of the TX. 
In the examples depicted below we observe: 
· A LOS path with high attenuation by an obstacle can be still detected
· It may be difficult to distinguish a reflected signal (in the example a ground reflection) from a LOS path. 

	Without obstacle (LOS)
	With obstacle (OLOS)

	[image: ]
	[image: ]

	LOS, Ideal pointing
	OLOS, Ideal pointing
Note: the correlation magnitude is much lower than the LOS (Direct path is app. 22dB attenuated )

	[image: ]
	[image: ]

	LOS, ideal pointing RX, non-ideal pointing TX
According to the beam pattern the signal is attenuated
	OLOS, ideal pointing RX, non-ideal pointing TX
Direct path is app. 35dB attenuated, but still useful!

	[image: ]
	[image: ]

	LOS, TX and RX pointing to ground
The direct path is outside the beam width of the TX and RX beam

	OLOS, TX and RX pointing to ground
Signal is app. 9dB attenuated 
Note: The difference in the level may result from limited mechanical adjustment accuracy of the antenna panel.


Figure 10: Examples for measured CIR
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