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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN#81 meeting, a new study item (SI) was approved [1] to study on channel model for indoor industrial scenarios. It was recognized that the current 3GPP channel model in TR 38.901 [2] contains a common channel model with scenario-specific model parameters and settings for scenarios such as Urban Macro, Urban Micro, Rural Macro, and Indoor Hotspot (InH). However, it is noted that InH is based on indoor office / shopping mall environment. To address industrial scenarios that exhibit more diverse and unique environmental features, see the LS from 5G-ACIA in RP-181521 [3], it is needed that the InH in TR 38.901 should be extended to cover additional characteristics of industrial scenarios.
In 3GPP RAN1 #96bis meeting, a number of agreements for the indoor industrial channel model SI were reached. Regarding to the scenario description, four industry sub-scenarios are agreed,
· Sub-scenario 1: Low clutter density, both Tx and Rx antennas are clutter-embedded (LOS or NLOS)
· Sub-scenario 2: High clutter density, both Tx and Rx antennas are clutter-embedded (LOS or NLOS)
· Sub-scenario 3: Low clutter density, one of Tx or Rx is elevated above the clutter (LOS or NLOS)
· Sub-scenario 4: High clutter density, one of Tx or Rx is elevated above the clutter (LOS or NLOS)
[bookmark: OLE_LINK7]In this contribution, we provide further consideration of other features in addition to path loss and fast fading channel model in industrial factory environments, e.g. auto manufacturing, assembly manufacturing etc., based on the LS from 5G-ACIA in RP-181521 [3] as well as other references [4], [5]. Specifically, the characteristic differences between the existing TR38.901 indoor scenario and the typical indoor industrial environments are provided. These identified differences are helpful to define the potential new propagation parameters and components compared to the existing InH channel model.

Preliminary consideration of other features of channel model
Metallic structures increase the reflection of signals and create a received signal with numerous multi-path components. Due to the multi-path richness, the delay spread, angle spread, and cluster properties will be different from a typical office environment. Meanwhile, a high density of metallic objects often produce NLOS situations, which means that the LOS probability should be further evaluated for industrial environments. In addition, the materials (absorbent or reflective), building volume and object density also will affect the path-loss exponent, shadowing and penetration loss.
The roof may often be metallic spread all over the factory space, implying an effect similar to ground reflection (two-ray/three-ray) but stronger reflection coefficient than concrete/asphalt. It could add to higher small scale fading variations, occasionally more coverage but may also add to the delay spread.
Absolute delay for positioning
Positioning is an important application of 5G. Thus, positioning has been included as a new requirement for channel models. However, the channel model of TR38.901 has not been designed for positioning studies. For positioning purpose, the absolute propagation delay of the channel is required. In the line-of-sight (LOS) case, the propagation delay is defined as that of the LOS component, which can be calculated from the distance between the transmitter (Tx) and receiver (Rx). However, in the non-line-of-sight (NLOS) case, the direct path is blocked by a blocking object (e.g. a building, a metallic machine, a wall or a robot), and stronger paths are received via multi-path propagation. In this case, the propagation delay is defined as that either of the first multi-path component or of the maximum multi-path component. The delays in both cases is usually longer than the one calculated from the Tx-Rx distance. Such delay can be decomposed into two parts: 1) The propagation delay of the “virtual LOS” component, i.e. the LOS propagation delay if the LOS were not blocked. This can be calculated from the distance between the Tx and the Rx; 2) The additional delay between the first/maximum multi-path component and the “virtual LOS”.
The additional delay between the first/maximum multi-path component and the “virtual LOS” depends on the environment. Without Ray-Tracing, it is difficult to model it in a deterministic way. Thus, we propose a stochastic modelling method of such additional delay. Since in the practice, it is not easy to clearly determine the first multi-path component, as it depends on SNR and thresholds, we propose to use the maximum multi-path component, which can be easily determined once we have the PDP.
The data of two measurement campaigns have been taken to derive the stochastic model. The first measurement campaign is conducted in an indoor industrial environment (a plant for producing automotive components) in Germany. The measurement setup is illustrated in Figure 1 and described in the R1-1906621. The second measurement campaign is conducted in a machine lab in Ilmenau University of Technology, Germany, as shown in Figure 2. Figure 3 illustrates the Tx/Rx positions during the measurement campaign in the machine lab, where the LOS Rx’s are along the corridor, and the NLOS Rx’s in the working areas on both sides of the corridor. In both measurement campaign, three frequencies have been measured simultaneously, i.e. at 6 GHz, 30 GHz and 60 GHz, with 7 GHz bandwidth.
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[bookmark: _Ref14876676]Figure 1 Illustration of measurement setup indoor industrial environment (a plant for producing automotive components) in Germany
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[bookmark: _Ref14877984]Figure 2 Machine lab in Ilmenau University of Technology, Germany
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[bookmark: _Ref14877992]Figure 3 Illustration of Tx/Rx positions of the measurement campaign in the machine lab
From each measured PDP (synthetic omnidirectional), the multi-path components are identified using a peak detection algorithm. In our evaluation, only when a peak has a power level that is at most 5 dB below the power level of the maximum peak, it is considered a valid multi-path component. The delay of the maximum valid multi-path component in the channel is calculated. By subtracting the delay of the “virtual LOS” from the delay of the first valid multi-path component, the above mentioned additional delay is obtained. Figure 4 illustrates the peak detection for identifying multi-path components.
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[bookmark: _Ref14878430]Figure 4 Illustration of peak detection for identifying multi-path components
Figure 5 shows the additional delays that are obtained from both measurement campaigns, as a function of the Tx/Rx-distance. Only the 30 GHz data was used. A clear dependence of the additional delay on the Tx/Rx-distance can be observed. The dependence on the Tx/Rx-distance can be modelled by the sum of a linear function (with slope 3.67 and intercept 33.33) and a random variable:
τR= max(m d + c + n, 0),
where τR  is the additional delay, m is the slope, d is the Tx/Rx-distance, c is the intercept, and n is a  random variable. The max() function makes sure that the additional delay value is positive,  i.e. that the first multi-path component has larger delay than the “Virtual LOS” component.
Observation 1: The NLOS additional delay of the maximum multi-path component regarding the LOS component shows clear dependence on the Tx/Rx distance. 
The random variable n represents the residual delay variation and is computed as the difference between the measured data points and their projection on the linear function. Figure 6 and Figure 7 show the statistical fit of the probability distribution of the absolute value of n, denoted as |n|, with Log-Normal distribution and Exponential distribution for the 6.65 GHz data and 30 GHz data, respectively. It can be seen that Exponential distribution with µ around 16-17 provides the best fit:
|n| ~ µ exp(-µ n), for n>0.
The sign of n is generated randomly with equal probability for + and -. Note that it is unclear whether this model is still valid for far beyond 45 meters of Tx/Rx-distance.

[bookmark: _Ref14879030]Figure 5 Additional delay of measurement data vs. Tx/Rx distance
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[bookmark: _Ref14879979]Figure 6 Fitting |n| with Lognormal- and Exponential distributions for 6.65 GHz
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[bookmark: _Ref14879980]Figure 7 Fitting |n|  with Lognormal- and Exponential distributions for 30 GHz
Observation 2: Exponential distribution provides best statistical fit of the residual additional delay.
Proposal 1: The NLOS additional delay can be modelled as τR= max(α d + C + n, 0),
where τR  is the additional delay, α is the slope, d is the Tx/Rx-distance, C is the intercept, n is the random variable following an Exponential distribution µ exp(-µ n), for n>0. The max() function makes sure that the additional delay value is positive. 
Observation 3: It is unclear whether this model of |n| ~ µ exp(-µ n) is valid for far beyond 45 meters of Tx/Rx-distance.
Dual mobility 
Radiowave signal from a Tx to Rx in IIOT environment may be shifted in frequency domain due to multiple reasons: Tx may be moving, clutter may be moving, and the Rx may be moving. 

[image: ]
[bookmark: _Ref513053378]Figure 8. Doppler in presence of moving scatterers
Due to the complexity of the environment, the Doppler frequency shift caused by the clutter (robots, robot arms, products, etc.) should be modeled as a stochastic way. The clutter can be modelled as a number of scatterers, see Figure 8. Velocity vector of each scatterer could be considered as a random variable. The concept of randomly moving scatterers is illustrated in Figure 9. 
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[bookmark: _Ref7088166][bookmark: _Ref7088160]Figure 9. Illustration on random motion of clusters.

Proposal 2: The impact of moving scatterers on the Doppler should be modeled as a stochastic method.

For IIOT, dual mobility should be modeled as follows (modified from TR37.885 [1]):
-	Doppler for the LOS path:
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-	Doppler for the delayed paths:
	
where  is a random variable with uniform distribution from  to ,  is a binomial random variable with parameter n=1 (i.e. Bernoulli trial), and  is the maximum speed of the clutter.  Figure 10 shows the resulting CDF when multiplying and . The figure shows that 100*(1-p) % of the scatterers will be static (have zero speed), whereas the remaining 100*p % will have uniformly distributed speeds ranging from  to , In other words, parameter p in the binomial random variable directly determines the proportion of mobile scatterers and can thus be selected to appropriately model more dynamic environment (higher p) or static (e.g., in case of completely static environment: p=0 results in all scatterers having zero speed). The proportion of mobile scatterers will vary depending on the scenario and the type of industrial setting. Generally, in industrial scenarios, more reflection comes from static scatterers, including metal shelves, ceilings, walls, freights, etc. Moving objects only occupy a relatively small amount compared to static scatterers, such as milkruns, fork lifts, automatic guided vehicles (AGVs) and human users. Here, we propose to use p=0.2 to describe a typical factory setting with 80% of static and 20% of mobile scatterers.
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[bookmark: _Ref12529867]Figure 10. CDF of scatter speed used to calculate Doppler for delayed paths. Curves show different p parameter for binomial distribution.

Proposal 3: The impact of Tx and Rx movement should be modeled as 
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Proposal 4: The impact of scatterer movement should be modeled as 
	                                                                                                                                                                                                                                                                                       
Where   is a random variable with uniform distribution from  to ,  is a binomial random variable with parameter n=1 (i.e. Bernoulli trial), parameter p is set to 0.2, and  is the maximum speed of the  clutter.
Blockage
Blockage exists and is very common in indoor industrial scenarios. On the one hand, there are some moving objects, including small to large fork lifts, milkruns, trains and automated guided vehicles (AGV). These dynamic metallic objects will cause probabilistic shadowing and blockage. On the other hand, robot arm of auto manufacturing executes instructions and coordinates with machine tools dynamically. In particular, a robot arm will go deep into a metal cabinet to finish tasks. For this case, the metal cabinets can cause blockage or penetration loss to communication device on the robot arm. For a typical BS antenna mounted on the ceiling or walls of a building, the cabin wall constitutes a static blockage or constant penetration loss for communication devices in the cabin. Meanwhile, metallic objects with the different kinds of dimensions, location and mobility pattern depicted above are another factor. Thus, shadowing/blockage is a common case in indoor industrial environments. 
Blockage models A and B are defined in TR38.901. Considering the above metallic dynamic and static shadowing/blockage, it should be studied whether no blockage mode, blockage model A (stochastic method) or blockage model B (geometric method) is more suitable for the typical indoor industrial scenarios. A new blockage model or parameter value can also be considered. For instance, additional wall loss for path loss or metallized penetration loss could be considered for indoor scenarios.
Observation 4: Blockage characteristic may be different from that in 3GPP TR 38.901 considering dynamic and static metallic blockage
Furthermore, dynamic blockage could be categorized into two types: 1) Random blockage, which is caused by irregular or random movements of objects, Tx and/or Rx, with objects such as milkruns, AGV’s; 2) Periodic/Quasi-deterministic blockage, which is caused by periodic or quasi-deterministic movements of objects, Tx and/or Rx, e.g. robot arm that repeats the same movement for a long time. Since the production lines of the industrial scenarios usually consists of machines that repeat the same movement pattern, the presence of periodic/quasi-deterministic blockage can be high. The key feature of such blockage effect is that it repeats itself with certain time period. Whether to model the blockage as periodic or quasi-deterministic depends on the movement pattern of the Tx, the blocking objects and the Rx. Only when all of them move in periodical or quasi-deterministic ways, the blockage can be modelled as periodic or quasi-deterministic.  
Observation 5: Dynamic blockage can be categorized in to random blockage and periodic/quasi-deterministic blockage, which is repeated periodically or in a quasi-deterministic way. 
Potential electromagnetic (EM) interference
In addition, there are transportation and electric machinery (such as electric motors, welding processes, rectifiers, power lines and switching devices) in indoor industrial scenarios. These machinery may be a potential source of electromagnetic interference. Thus, we may need to evaluate potential electromagnetic interference.
In 3GPP RAN1 # 96bis meeting, it has been agreed to further discuss how to specify the source of potential electromagnetic (EM) interference in the IIoT channel model. There is an initial agreements as following,
Model the channel between the EM interferer(s) and BS or UT using the same channel model(s) as for the BS-UT links
· Note: The interfering equipment may not necessarily be a point source
· Note: Characterization of the EM interference source is out of the scope of the present SI, and other groups (e.g. RAN4) may be more competent to handle such work

This agreement means that we model the propagation channel only, not the interference source. The interference is caused by factory machines such as robots, electric motors, etc. We do not have competence on modeling those within RAN1, but we should be able on preparing a channel model for them as we do for the BS-UE and UE-UE links. There was also an agreement that we use the same channel model for EM interference as we use for the BS-UE link. The notes within this agreement say that the interference source may not be a point source. Therefore, we should model it as multiple base stations. How to do it exactly, is not specified. 
Considering the complexity of EM interference issue, we suggest to send a liaison statement to RAN4 for further clarify this specific issue. RAN4 can try to reply to RAN1 the same week during the August meeting. The expected reply would probably capture pointers to the ECM community specification(s).
Observation 6: Electric machinery in indoor industrial scenarios may lead to potential electromagnetic interference, a channel model from the interference source(s) to the Rx may be needed.

Proposal 5: We suggest RAN1 to send a liaison statement to RAN4 for further clarifying EM interference issue. 


Spatially-consistent dual mobility modelling
In TR38.901, two alternative spatial consistency procedures, i.e., Procedure A and Procedure B, are proposed for modelling the spatial consistency when the UE is moving. The Procedure A pre-sets the trajectory and velocity of the moving object, and uses the small scale parameter at a certain moment (i.e., tk-1) as a reference, and updates the corresponding parameter at the next moment (i.e., tk) based on the geometric method as the object moves continuously. In some IIOT scenarios, Tx, Rx, and clutter may be moving, which means the method of calculating spatially consistent delays/powers/angles of clusters need to be updated. In this section, spatially-consistent dual mobility for IIOT scenarios based on Procedure A is proposed (modified from TR38.901).
Cluster delay update
Considering the dual mobility for IIOT scenarios, the cluster delay is updated as: 


where and  is the BS and UE velocity vector,  is the cluster delays at  as in TR38.901 Section 7.5 Step 11, , where  is the delay described in TR38.901 Equation (7.5-1),  is the 3D distance between Tx and Rx at , and  and  can be expressed as


Where  and  are the cluster zenith and azimuth angles of arrival, and  and  are the cluster zenith and azimuth angles of departure.
Cluster power update
Cluster powers are updated using the updated cluster delays  based on TR38.901 section 7.5 Step 6.
Cluster angle update
Based on the TR38.901, the trajectory of the moving object could be treated as an arc with radius d, Δ and Δ, where d represents 2D or 3D distance between Tx and Rx, Δ and Δ refer to the deviation of azimuth and zenith angle, respectively [7]. Considering the dual mobility, the spatially-consistent angles of clusters are updated as follows. (The detailed analysis for the derivation of spatially-consistent angles are illustrated in the Annex.)


With


Where  , and Random variable  is sampled from a uniform distribution on a NLOS cluster basis. 
The departure and arrival angles in radians are updated as:


and

,
Where  and  are the spherical unit vectors as shown in Fig. 11.
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Fig. 11 Definition of spherical angles and spherical unit vectors in a Cartesian coordinate system
Proposal 6: 3GPP TR38901 spatially-consistent model Procedure A is extended to support dual mobility feature based on the above analyses.  
DMC modelling
Multipath modeling methodology of state-of-the-art TR38.901 model inherited from 3GPP TR 25.996 channel model (a.k.a. SCM model), which was designed for narrowband (Spatial processing is applied to narrowband channels obtained after OFDM modulation) LTE systems introduced in 3GPP TR 36.211. Additionally, with a significantly low beamforming gain, directional resolution of 3GPP-LTE systems is also quite similar to the systems equipped with omni-directional antennas. Therefore, channel model introduced in 3GPP TR 25.996 is modeled as antenna independent and same is the case for TR38.901. With a narrow bandwidth and low directional resolution, 3GPP LTE systems illuminate a multipath channel such that it demonstrates a high multipath dispersion in the power delay profiles (PDPs). Therefore, sub 6 GHz channels were considered as rich scattering channels, irrespective of actual number of MPCs present in the propagation channel. Consequently, Rayleigh and Rice fading distributions were successfully applied to demonstrate fading envelope of full omni-directional LOS channel, full omni-directional NLOS channel and fading envelope of only single cluster. 
In contrast to narrowband 3GPP-LTE systems, 5G NR systems are expected to be wideband with higher directional resolution. Especially when it operates at above 6 GHz (millimeter-wave, mmWave), significantly higher antenna gain is required to compensate the high path-losses, resulting in high directivity of antennas. Wider bandwidths result in sparser looking PDPs due to reduced multipath energy dispersion in the delay domain as shown in Figure 11. Additionally, pencil sharp beams of mmWave systems can perform only a selective illumination of a full multipath propagation channel or a cluster. In such a case, radio channels (including antennas as a part of the channel) may appear to be sparse. Therefore, small scale fading behavior and multipath modeling approach adopted in TR38.901 may not provide realistic results.
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[bookmark: _Ref15039103][bookmark: _Ref15039088]Figure 11. CIR for various absolute bandwidths for mmWave band, H-H polarization setup. Note that each PDP is normalized locally to its peak power level i.e. sup 


Extension of 3GPP-TR38901 model for large bandwidth channels
Let’s recall Eq. 7.5-22 from TR38.901 channel model
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Above Eq. (1) is an implementation of sum-of-sinusoids principle which ensures that, for a drop duration, a cluster fades with a zero-mean Rayleigh fading distribution having a variance of . Since, Rayleigh fading distribution is based on the rich scattering assumption, therefore, in the subsequent discussions  will correspond to the variance of rich scattering channels.  Low complexity implementation of Eq. (1) is done by using a deterministic parameter computation method. For this purpose amplitude and angle of arrival (AOA) of intra-cluster multipaths components (MPCs) are set to a fixed value. Different channel snapshots within a drop duration are generated only by random phase variations of MPCs. In order to ensure Rayleigh fading distribution the number of intra-cluster MPCs are set to be  
Let  be the variance of a sparse multipath channel, then according to [11], variances of rich and sparse scattering channels are related by the following equation  
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This implies that, the spread of  around  is inversely proportional to . Therefore, as , the , and thus  . Results in [10] show that, with an increase in channel bandwidth ,  converges away from  (correspond to narrowband channel) towards the mean value of the fading envelope. This implies that is increasing with an increase in  i.e, for high bandwidth channels. Consequently, from the inverse proportionality in Eq. (2), the number of MPCs  in the resolvable delay bin reduces. This is quite intuitive as the with an increase in bandwidth , multipath clusters get resolved in the delay domain resulting in reduced number of non-resolvable intra-cluster MPCs. From the experimental results shown in Figure 12, the empirical slope-intercept model for calculation of  is as follows:
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where,  is in hertz and  =2 GHz is an approximate of critical bandwidth i.e., the bandwidth beyond which there is no considerable change in the fading behavior of a cluster [12]. This implies that  remains constant beyond.
In general, the propagation at mmWave is sensitive to type of reflection surface as shown by the results in [10]. Additionally, results in [10] also demonstrate that the slope value for the model in (3) may differ for different clusters. However, the slope value for the model in (3) is derived by drawing a regression line through the data (variances of fading distributions as function of bandwidth) obtained for each measured multipath cluster. This is done to maintain simplicity in the model. Notice that, for the model in (3) only measurements from four different reflection surfaces have been taken into account. Further measurements are required to develop an increased confidence on the derive slope value in (3).

[bookmark: _Ref16259461]Figure 12 Variance of fading envelope of a cluster as a function of bandwidth. Four different types of clusters have been studied using the measurement data in [10]. Orange line is the estimated fit considering variances of all clusters.
Observation 7: Variance of the fading envelope of high bandwidth multipath channels reduces exponentially with an increase in bandwidth. Consequently, randomness in the cluster fading envelope also vanishes with the bandwidth which is not the case in 3GPP TR38.901 model so far.
Herewith a simple extension to 3GPP TR38.901 model for high bandwidth channels is provided for channels with bandwidth greater than 100 MHz. In addition to the existing model in section 7.6.2.2 of TR38.901, this proposed extension allows for realistic modelling of fading envelope of the channel. With an increase in bandwidth, Rayleigh fading clusters are divided into sub-clusters which is equivalent to resolving intra-cluster MPCs in the delay domain. Consequently, a multipath cluster becomes sparse and its fading envelope converges away from Rayleigh fading channels, which is quite intuitive result.  

Proposal 7: For a particular bandwidth  MHz, . If , the Rayleigh fading cluster is divided into sub-clusters such that each sub cluster consists of  number of intra-cluster MPCs separated in the delay domain by  [ns]. Intra-cluster delay and angular spread is modelled in the same way as depicted in section 7.6.2.2 of 3GPP TR38.901 and the same case applies for sub-path AOAs.
.

[bookmark: _Ref129681832]Conclusion
According to the above discussions, we have the following observation:
Observation 1: The NLOS additional delay of the maximum multi-path component regarding the LOS component shows clear dependence on the Tx/Rx distance. 
Observation 2: Exponential distribution provides best statistical fit of the residual additional delay.
Observation 3: It is unclear whether this model of |n| ~ µ exp(-µ n) is valid for far beyond 45 meters of Tx/Rx-distance.
Observation 4: Blockage characteristic may be different from that in 3GPP TR 38.901 considering dynamic and static metallic blockage
Observation 5: Dynamic blockage can be categorized in to random blockage and periodic/quasi-deterministic blockage, which is repeated periodically or in a quasi-deterministic way. 
Observation 6: Electric machinery in indoor industrial scenarios may lead to potential electromagnetic interference, a channel model from the interference source(s) to the Rx may be needed.
Observation 7: Variance of the fading envelope of high bandwidth multipath channels reduces exponentially with an increase in bandwidth. Consequently, randomness in the cluster fading envelope also vanishes with the bandwidth which is not the case in 3GPP TR38.901 model so far.
These observations on characteristic differences between InH scenario and typical indoor industrial environments may lead to the different propagation parameters and models. Thus, we have the following proposals: 
Proposal 1: The NLOS additional delay can be modelled as τR= max(α d + C + n, 0),
where τR  is the additional delay, α is the slope, d is the Tx/Rx-distance, C is the intercept, n is the random variable following an Exponential distribution µ exp(-µ n), for n>0. The max() function makes sure that the additional delay value is positive. 
Proposal 2: The impact of moving scatterers on the Doppler should be modeled as a stochastic method.
Proposal 3: The impact of Tx and Rx movement should be modeled as 
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Proposal 4: The impact of scatterer movement should be modeled as 
	                                                                                                                                                                                                                                                                                       
Where   is a random variable with uniform distribution from  to ,  is a binomial random variable with parameter n=1 (i.e. Bernoulli trial), parameter p is set to 0.2, and  is the maximum speed of the  clutter.
Proposal 5: We suggest RAN1 to send a liaison statement to RAN4 for further clarifying EM interference issue. 
Proposal 6: 3GPP TR38901 spatially-consistent model Procedure A is extended to support dual mobility feature based on the above analyses.  
Proposal 7: For a particular bandwidth  MHz, . If , the Rayleigh fading cluster is divided into sub-clusters such that each sub cluster consists of  number of intra-cluster MPCs separated in the delay domain by  [ns]. Intra-cluster delay and angular spread is modelled in the same way as depicted in section 7.6.2.2 of 3GPP TR38.901 and the same case applies for sub-path AOAs.
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Annex
TR38.901 mentioned that the updated distance of the moving object should be limited within 1 meter, i.e., , which means the distance change from tk-1 to tk (i.e., tk-1+Δt) is much smaller than the distance between Tx and Rx, and the variant angles can be described as a linear model, which is expressed as




where parameters  are the slopes of variant angles to describe the change of angles of departure and arrival after Δt. Based on the angle definition in TR38.901 as shown in Fig. A.1, it is observed that the slopes of variant departure angles and the slopes of variant arrival angles shows the opposite trend. For example, when the increases, the decreases.
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Fig. A.1 The illustration of 3D MIMO channel model in [8]
· LOS path
Figs. A.2 and A.3 show the angular changes after Δt for the BS side and UE side in the LOS scenario. As a simplification, only azimuth angles  and  in horizontal direction are shown in the figures. The solid blue line indicates the LOS path at tk-1. Considering the motion of the UE and the BS, the solid red line indicates the LOS path after Δt (i.e., tk= tk-1+Δt). The purpose is to explore the angular change  and after the time of Δt, i.e., the slopes of variant angles. In order to simplify the analysis process, the idea of relative speed is adopted. For the azimuth angle of departure (AOD), suppose the BS is fixed, the relative speed of the UE relative to the BS can be expressed as , and the converted path is shown by the red dotted line. The parameter  can be approximated as the ratio of the distance change caused by to the 2D distance between Tx and Rx, i.e., , where  indicates the 2D distance between Tx and Rx at tk-1, and indicates the change of horizontal distance due to “UE’s relative movement” with the speed of  after Δt. In addition, for the zenith angle of departure (ZOD), the slope  can be approximated as the ratio of the distance change caused by the relative velocity to the 3D distance between Tx and Rx, i.e., , where  indicates the 3D distance between Tx and Rx at , and  indicates the change of distance along the direction of . They can be summarized as follows.


[image: ]
Fig. A.2 Azimuth angular changes from tk-1 to tk for the BS side () in the LOS scenario.
Similarly, the influence of the motion of the BS on the azimuth angle of arrival (AOA) and zenith angle of arrival (ZOA) can be derived by the idea of relative motion, see Fig. 4, which can expressed as 

.[image: ]
Fig. A.3 Azimuth angular changes from tk-1 to tk for the UE side () in the LOS scenario.
· NLOS path
[image: ]
· Fig. A.4 Azimuth angular changes from tk-1 to tk for the BS side () in NLOS scenario.
Fig. A.4 show the angular changes for the BS side in the NLOS scenario. In the NLOS scenario, there is a reflection phenomenon. These figures only show the single-bounced scene, but the principle can be applied to multi-bounced scenes. It is noticed that the “UE'” is UE’s symmetry point after the reflection. For the UE side, the velocity of the UE' can described as . The parameter  is a rotation matrix which is defined to transfer the spherical unit vector of UE (i.e., ) to the spherical unit vector of UE’ (i.e., ), i.e.,  [9], and can be described as follows. Fig. A.5 shows detailed 3D model and corresponding projection in horizontal to describe the transfer between  and.
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Fig. A.5 The transfer between and 
Next, it is observed that the propagation path between the BS and UE' can be regarded as the LOS path, and the derivation procedure is same as the LOS path. The slopes of variant angles of departure for NLOS scenario can be expressed as follows.


Fig. A.6 shows the angular changes for the UE side in the NLOS scenario. Similarly, for the BS side, the velocity of BS’s symmetry point after the reflection can described as , where  is the path rotation matrix to describe the transfer from the spherical unit vector of BS (i.e., ) to the spherical unit vector of BS’ (i.e., ), i.e., .


And the slopes of variant angles of arrival for NLOS scenario can be expressed as follows.
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Fig. A.6 Azimuth angular changes from tk-1 to tk for the UE side () in NLOS scenario.
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