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1. Introduction
Integrated sensing and communication (ISAC) has been identified as a typical usage scenario for 5G-A and 6G. Different from conventional systems with separate functions, ISAC technology allows the base stations or terminals to communicate with each other and sense their surroundings. By sharing the same frequency and hardware resources, ISAC systems offer advantages in proving spectrum utilization and reducing costs. In RAN1#116, the common framework for ISAC channel model is defined as follows [1]:
	Agreement
The common framework for ISAC channel model is composed of a component of target channel and a component of background channel, 

· Target channel  includes all [multipath] components impacted by the sensing target(s). 
· FFS details of the target channel 
· Background channel  includes other [multipath] components not belonging to target channel.
· FFS details of the background channel
· FFS whether/how to model environment object(s), i.e., object(s) with known location, other than sensing target(s)
· FFS whether/how to model propagation path(s) between the target(s) and the environment object(s)
· FFS whether/how to model propagation path(s) between the target(s) and the stochastic clutter(s)
· Note: the notation  can be revised later if needed



[bookmark: _Hlk162450170]In this contribution, we discuss the ISAC channel modelling methodology based on the channel modelling framework agreed above.

2. The requirements of ISAC
There are 32 use cases have been studied in SA1 and captured in TR 22.837. The use cases are further grouped into 3 scenarios in TR22.837 and TS 22.137. These 3 groups are “Object detection and tracking”, “Environment monitoring”, and “Motion monitoring”. To evaluate the technologies in these use cases, the ISAC channel model should establish a relationship between the actual positions/movement of targets and the received wireless signal, which is the channel response.
The angle, delay, and doppler shift are three intuitionistic channel domains to reflects the positions/movement of targets. Giving suitable modeling methods for the channel angle, delay, and doppler shift is deterministic for the evaluation of ISAC technologies. For the line-of-sight (LOS) clusters/rays in ISAC channels, which represents the direct propagation routes of TX-target and target-RX, the channel angles and delays can be easily derived from the geometrical locations of TX/target/RX. But as for the doppler shift, the present TR 38.901 model may not give a suitable modeling method.
(1) [bookmark: _Ref164868221]
(2) 
(3) [bookmark: _Ref164869720]
(4) [bookmark: _Ref164868228]
The doppler shift is a channel parameter that reflects the variation rate of the real propagation distance. In TR 38.901 model the channel coefficient phase which is caused by the movement is described by the radial velocity of //. They are listed in Eq.(1)-(4). This is an approximate doppler shift bases on the assumption that the radial velocity is time invariant. It’s difficult for the target to move in a time invariant radial velocity in real scenario settings. 
[image: ]
[bookmark: _Ref164871014]Figure 1: The calculation of channel phase which is caused by movement. (a) Calculating from the radial velocity. (b) Calculating from the absolute distance variation.
The variation of the distance, which is approximated by TR 38.901, as shown in Figure 1(a), is calculated as:
(5) 
However, the essential channel phase which is caused by the movement should reflect the absolute propagation distance variation, which corresponds to the Figure 1(b). 
(6) 
(7) 
If we set  as a constant value, the difference  will increase with the angle variation . The angle variation  is a projection angle of the moving distance . When the direction of  is perpendicular to the direction of , the variation  has the largest value. This corresponds to the Figure 3(a). The  can be expressed as:
(8) 
The difference  is neglectable in communication channel because its value is small as the moving distance is small. However, this difference cannot be neglectable for velocity estimation because the difference  is comparable with the  or .
[image: ]
[bookmark: _Ref164935974]Figure 2: The simulation results of two calculation methods. (a) The simulation setting. (b) The relative distance difference  between two methods. (c) The relative distance difference  between two methods.
We make a movement simulation in a single segment target (TX-target) channel for the two methods. The results in Figure 2 show that the relative distance difference  is comparable to the  or . If we use the  or  to estimate the target velocity,  won’t be neglectable anymore. We need to use the absolute propagation distance to reflect the actual movement in the channel phase. 
[image: ]
[bookmark: _Ref166057994]Figure 3: The comparison of phase variation caused by movement.
If Eq.(1)-(4) only apply for describing the phase variation between adjacent observation snapshot, the observation time gap should be small enough. Besides, the channel phase which is caused by the distance should also be updated. This distance dependent phase is  for the LOS cluster. In Figure 3 we compare the phase  with phase  of the absolute propagation distance during the movement. We can find their phase values are close to each other.
Finding the real variation of propagation distance can be easily achieved for LOS clusters/rays. However, this requirement can be hardly achieved for the NLOS clusters/rays in present TR 38.901 model since 901 model gives no information for a NLOS cluster/ray propagation route. We need to find some methods to establish the propagation routes and model doppler shift for them, otherwise all NLOS clusters/rays will be useless in“Object detection and tracking”, “Environment monitoring”, and “Motion monitoring” use cases. 
Observation 1: The TR 38.901 doppler shift modeling method is not suitable to describe movement speed in ISAC use cases.
Proposal 1: Constructing the propagation routes in NLOS clusters/rays is necessary. It helps model a certain relationship among the variation of angle, delay, channel phase, and target movement. 
3. [bookmark: _Hlk165559212]The establishment of the propagation routes for NLOS clusters/rays
	Agreement
EO is a non-target object with known location. 
· FFS other known parameters of the EO
· FFS details on EO modeling
The following options for EO modeling are considered for further study 
· Option 1: EO is modelled different from a sensing target 
· Applicable at least for an EO having extremely large size (referred as EO type-2 for discussion purpose)
· FFS modeled similar to section 7.6.8 ground reflection in TR 38.901
· FFS EO modeling impacts the target channel and/or the background channel
· Option 2: EO is modeled same/similar as a sensing target
· Applicable for an EO having comparable physical characteristics as a sensing target, (referred as EO type-1 for discussion purpose)
· FFS Applicable for EO type-2
· FFS EO modeling impacts the target channel and/or the background channel
· Option 3: EO is modeled and its location is determined from a stochastic clutter generated following the cluster generation in TR 38.901
· FFS details
· Option 4: EO is not modelled
· Other options are not precluded
· Note: it is not precluded that multiple options can be supported in the channel modelling


There are two methods to establish the propagation routes for NLOS clusters/rays. First one is presetting the reflection points or surface in every deployment scenario. Last RAN1 #116bis meeting gave Option 1 and 2 in above text box to help describe the corresponding method. To apply this method, the following questions should be answered:
· How to describe EOs with different characteristics in various scenarios? 
This question is difficult to answer for the EO type 1 and 2. Different characteristics such as the orientation, physical size, and distribution distance of EO all should be decided in standardization work. 
· How to determine the propagation strategy between the EO and target?
· One EO to one target
· Several EO to one target
· One EO to several target
· Several EO to several target
· How to model the electromagnetic characteristics of the EO, for example RCS?
· How to verify the EO routes and corresponding propagation fading by the measurement/simulation results?
[image: 卡通人物

低可信度描述已自动生成]
[bookmark: _Ref166161220]Figure 4: The LOS, single-bounce reflection, and multi-bounce reflection clusters in incident and backscatter channels
The second method to establish the propagation routes for NLOS clusters/rays is to extrapolate the node points reversely from the generated channel angle, delay, which corresponds to the Option 3 in above text box. The NLOS routes are divided into the single-bounce reflection and the multi-bounce reflection as shown in Figure 4. The single-bounce reflection occupied the major power of the NLOS clusters [6]. The actual locations of clusters in the geometric space can be derived based on the randomly generated delay, departure angles (AOD/ZOD), or arrival angles (AOA/ZOA) parameters of the NLOS clusters according to TR 38.901, TR 36.777, or TR 37.885.Details about how to calculate the locations of NLOS clusters can refer to the implementation of drifting in QuaDRiGa channel model [7] or the method in the appendix. 
[image: ]
[bookmark: _Ref166247205]Figure 5: The diffraction path in the measurement.
One issue arises which is TR 38.901 model gives a vague relationship between channel parameters and the physical positions of EO. The arrival angles and departure angles reflect the last bounce direction and the first bounce direction. They are generated according to their power angular spectrums (PAS) and an additional random variable is combined with them. The generation of these channel parameters also gives no consideration for the positions of TX and RX. Thus, the extrapolated EO may be lower than the ground and such problem can be easily solved using condition points as boundaries (details see appendix). It should be noted here that the extrapolated EO is a virtual object. It can be any propagation node that satisfies the departure and arrival angles and delays follows the distribution in TR 38.901. We cannot directly limit the propagation mechanism to reflections, or even specular reflections, which would reduce the range to which the channel applies. From the observation in the measurement, as shown in Figure 5, the diffraction path from the elevator shaft occupies more than 16.4% power of the whole multipath in the target channel.
Observation 2: The diffraction path carries large power of the whole multipath.
Proposal 2: The determination of propagation route of NLOS clusters based on the delay, departure angles (AOD/ZOD), or arrival angles (AOA/ZOA) parameters of the NLOS clusters according to TR 38.901 should be further studied. The following two options can be considered:
· Option 1: Single-bounce model.
· Option 2: Multi-bounce model.

4. Discussion on target channel
[image: ]
[bookmark: _Ref165716849]Figure 6: ISAC channel structure.
Based on the agreement in RAN1#116 we can get the ISAC channel expression as follows:
(9) 
The channel structure can be illustrated by Figure 4. Target channel  includes all [multipath] components impacted by the sensing target(s) and background channel  includes other [multipath] components not belonging to target channel. 
4.1. Discussion on RCS modelling
4.1.1. Definition of RCS
[image: ]
[bookmark: _Ref165021393]Figure 7: intuitive definition for RCS.
Radar cross section (RCS) is defined to characterize the target characteristics and not the effects of transmitter power, receiver sensitivity, and the position of the transmitter or receiver distance [2]. It’s a measure of power scattered in a given direction when a target is illuminated by an incident wave. RCS is normalized to the power density of the incident wave at the target so that it does not depend on the distance of the target from illumination source. IEEE dictionary of electrical and electronics terms [3] defines RCS as a measure of reflective strength of a target defined as  times the ratio of the power per unit solid angle scattered in a specified direction to the power per unit area in a plane wave incident on the scatterer from a specified direction. More precisely, it is the limit of that radio as the distance from the scatterer to the point where the scattered power is measured approaches infinity:
(10) [bookmark: _Ref165717754]
where  is the scattered electric field and  is the field incident at the target. It follows an intuitive derivation in Figure 5. The incident power density is . Amount power is intercepted by the effective area  and then scattered uniformly in all direction. The power density of at the distanced receiver is:
(11) 
Since , the expression of RCS is:
(12) [bookmark: _Ref165717176]
The Eq.(12) implies that the target characteristic is a function of the measurement environment, which is an undesirable qualification. To eliminate this undesirable influence, the definition of RCS is ‘normalized’ by forcing  to approach infinity. The Eq.(12) changes to Eq.(10). If we take the polarization into consideration, the scattered electric field becomes:
(13) 
where  is the scattering matrix. The superscript  and  represent the horizontal and vertical polarization directions.
(14) 
where we recognize  as a complex number that has amplitude as well as phase.
4.1.2. Modeling of RCS
Regarding the RCS modeling last RAN1 meeting has achieved the following agreement:
	Agreement
RCS of a physical object shows dependency to at least the following factors: 
· Type of the object
· The size of the object
· The material of the object
· The shape of the object
· Orientation of the object
· FFS: Distance between Tx/Rx and the object
· The incident angle and scatter angle
· The carrier frequency
· polarization of the transmitter and receiver
· FFS Temporal or spatial consistency
· FFS antenna pattern
· FFS whether/how to model the above factors in the CR, e.g. with an RCS model with a scattering point


As mentioned in our previous contributions [4] that there are two main methods to model the RCS: static RCS and dynamic RCS. The static RCS can be predicted by several analytical techniques and software, such as HFSS, CST, and FEKO. The size, material, shape, carrier frequency, polarization, and the incident/scattering angles in the local coordinate system of the object are matters in this modeling method. As for the dynamic RCS, it tries to reflect the dynamic characteristics during the target movement or angular variation. It cannot predict an exact RCS when some of the above-mentioned factors are determined. It can only provide some possible RCS values when the factors are determined.
The target RCS values are heavily dependent on the incident angle of signal, polarization, and frequency. Without loss of generality, the fluctuating RCS values can be modeled by a distribution. The most well-known models are Swerling 1 through Swerling 4 [9]. They divide fluctuating targets into two probability distributions and two time-varying behaviors as shown in the following table:
Table 1:Swerling models
	
	Slow Fluctuating
	Fast Fluctuating

	Exponential
	Swerling 1
	Swerling 2

	4th Degree Chi-square
	Swerling 3
	Swerling 4


The RCS of a slow-fluctuating target remains constant during a dwell but varies from scan to scan. In contrast, the RCS for a fast-fluctuating target changes with each pulse within a dwell.  
The exponential probability density function (PDF) is:
(15) 
 is the RCS sample and  is the mean RCS. 
The 4th degree Chi-square PDF is:
(16) 
The Swerling 1 and 2 are useful in simulating a target consisting of a collection of equal strength scatterers. The Swerling 3 and 4 apply when the target contains a dominant scattering component.
From other publications we can know that the RCS of various targets may has different distribution. The typical distribution includes the Gamma distribution [10], Log-normal distribution [11], Chi-Square distribution [12], etc. From the comparison in [13] the Log-normal distribution has high fit goodness than Rayleigh distribution. The distribution of the vehicle is regarded as the Log-Weibull distribution and that of the human body is as the Log-normal distribution in [14].
Proposal 3: The RCS value of target can be modeled by a certain distribution according to the target type.

As we mentioned in the definition of RCS, the RCS can be described by a polarized scattering matrix. We believe that the RCS is different upon the polarization. However, the TR 38.901 channel has already modeled the cross polarization power ratios (XPR). The random phase for different polarization combinations has already modeled as:
(17) 
As for the measurement evaluation, we can hardly strip the polarized scattering matrix from Eq.(17). Thus, we think that modeling a general power fading RCS parameter is suitable at present standardization work. The detailed polarized scattering matrix of RCS can be modeled if the workload is acceptable.
Proposal 4: Prioritize a real value RCS model. The polarization RCS value can be further modeled if the workload is acceptable.
The RCS can be modelling in fast fading (cluster level or ray level) and slow fading as shown in Figure 7 [4]:
· Modelling in fast fading:
· On the cluster level, the RCS values are generated from a certain distribution and applied to each cluster. The various rays under the same cluster share the same RCS value. Each time the cluster is updated in the simulation, the RCS is also regenerated.
· On the ray level, the RCS values are generated from a certain distribution and applied to each ray. But the ray angular distribution may be different according to the cluster angle [11]. Each time the ray power is updated in the simulation, the RCS is also regenerated.
· Modelling in slow fading: The RCS is modeled in link level. The RCS values are generated from a certain distribution and applied in the pathloss model. Each time the pathloss is updated in the simulation, the RCS is also regenerated. 
[image: 手机屏幕的截图

描述已自动生成]
[bookmark: _Ref166070225]Figure 8: Three modelling levels of RCS. (a) Link level. (b) Cluster level. (c) Ray level.
Proposal 5: The RCS model can be applied in link level, cluster level or ray level. 
4.2. Concatenated channel modelling

[image: 黑暗里有星球

中度可信度描述已自动生成]
[bookmark: _Ref165729527]Figure 9: Concatenated target channel.
From the definition of RCS, we can know that the target intercepts the transmitted power from TX and then radiates the interception power in all direction. In this way, the target can be seen as a receiver in the TX-target channel and as a transmitter in the target-RX channel. This concatenated channel is shown in Figure 8. As we assign the target location in the scenario, the TX-target channel and target-RX channel can be generated according to the existing channel models such as TR 38.901, TR 36.777, TR 37.885, and so on.
Proposal 6: Target channel modelling should use concatenated modelling method.
4.3. Convolutional coupling of two segments
Because the parameters of the TX-target and target-RX channel are generated independently, we need to find a stratagem to combine them. From the observation in the reference[10]-[14] and the definition in reference [2], we can know the scattering power of the target covers all directions in the space. This implies that each incident power on the target will light all propagation paths in target-RX channel. The target channel is the convolutional coupling of two segments.
[bookmark: _Ref166164810]Table 2: Comparison between convolutional power and the actual power. 
	Multipath
	 (dB)
	 (dB)
	 (dB())
	Theoretical power  (dB)
	Actual power(dB)
	Difference (dB)

	1A
	-74.76
	-74.33
	10.46
	-100.53
	-102.77
	2.24

	2A
	-70.41
	-74.33
	19.50
	-87.14
	-93.68
	6.54

	1B
	-74.76
	-81.15
	10.10
	-107.71
	-110.80
	3.09

	2B
	-70.41
	-81.15
	11.26
	-102.2
	-104.20
	2.00

	1C
	-74.76
	-96.13
	-10.40
	-143.19
	-132.39
	-10.80

	2C
	-70.41
	-96.13
	-2.10
	-130.54
	-128.71
	-1.83

	1D
	-74.76
	-93.83
	9.53
	-120.96
	-124.00
	3.04

	2D
	-70.41
	-93.83
	16.03
	-110.11
	-122.21
	12.10


To validate the convolutional coupling of two segments, we made a measurement with BUPT in contribution [17]. The multipaths in the TX-target channel are named multipath “1” and “2”. The multipaths in the target-RX channel are named multipath “A”, “B”, “C”, and “D”. The target is a reconfigurable intelligent surface (RIS), and its RCS pattern is determined by the codebook. The comparison between convolutional power and the actual power is shown in Table 2. We can find the convolutional power values are similar to the actual power. Their difference values are smaller than 10%. This phenomenon is more pronounced when the multipath power is higher from the observation of “1A”, “2A”, “1B”, and “2B”. If the multipaths in TX-target and target-RX are mapping one-by-one randomly, “1A” and “2A” (or “1B” and “2B”) coupling can never appear in the same ISAC target channel. This may miss some important multipath.
Observation 3: The convolutional coupling of the multipaths’ power in TX-target and target-RX are similar to the actual multipath power in the target channel.
The measurement results verified the multipaths convolutional coupling. As there is one multipath in a cluster, the convolutional coupling can be applied for the cluster for convolutional coupling. By assuming the cluster numbers of TX-target and target-RX channel are  and , the cluster number of target channel is . The cluster index  in target channel corresponds to the combination of th cluster in TX-target channel and th in target-RX channel. . The target channel parameters are combined as follows: 
· The cluster power of the target channel is gotten from the convolution of cluster powers in TX-target and target-RX channel. 
(18) 
· The doppler shift phase of the target channel is gotten from the convolution of doppler shift phase in TX-target and target-RX channel.
(19) 
· The departure angles of the target channel equal the departure angles in TX-target channel.
(20) 
· The arrival angles of the target channel equal the arrival angles in target-RX channel.
(21) 
· The delays of the target channel equal the summation of delay in TX-target and target-RX channel.
(22) 
· If the scattering matrix of target can be stripped from the XPR matrix, the XPR matrix of the th cluster can be expressed as:
(23) 

Proposal 7: When the target channel is concatenated, the TX-target channel and target-RX channel are convolutional coupling.
5. Discussion on background channel
In RAN1#116 meeting, it has been discussed whether to model environment object(s) and stochastic clutter(s) in background channel. In the following, we provide our views on the modelling of background channel. From the SID, we can know that the SI object is to modify the sensing aspects of channel model in TR 38.901. Therefore, the compatibility between the new ISAC model and TR 38.901 should be maintained wherever possible. The background channel can be generated by TR 38.901, at least for bi-static mode. For mono-static mode, how to model the background channel of stochastic clutter(s) can be further discussed.
Proposal 8: The background channel can be generated by TR 38.901, at least for bi-static mode. For mono-static mode, how to model the background channel can be further discussed.

6. The power normalization of the ISAC channel
As mentioned in our previous contribution [4], the power fading of target channel can be expressed as:
(24) 
or
(25) 
The  and  are the amplitudes of the clusters. They are the square root of the cluster power  and . , .   is the light speed,  is the carrier frequency, and  is the RCS of th cluster. 
6.1. The normalization when the RCS is modeled in slow fading
In Eq.(24) the RCS is modeled in slow fading. The all clusters share the same RCS value. The powers of the clusters have been normalized to the pathloss of the target channel:
(26) 
If we assume the background channel uses the present communication channel model, the newly introduced target channel will increase the received power at RX. If we want to keep the received power in ISAC channel and the present communication channel at the same level, the cluster power values of the target and background channel need to be normalized. The normalization factors  is:
(27) [bookmark: _Ref165751857]
where  is the pathloss of background channel. The and   are linear expressions of the pathloss. From Eq.(27) we can find the normalization factor is related with the difference between the  and . Here we make a simple simulation to compare these two pathloss models. The simulation settings are listed in Table 2 and the deployment is shown in Figure 9.
[bookmark: _Ref165753192]Table 3: Simulation setting
	TX-RX channel 
	UMa-UAV-LOS/ UMa-UAV-NLOS

	TX-target channel 
	UMa-UAV-LOS

	Target-RX channel 
	UMa-UAV-LOS

	TX height
	25 m

	RX height
	25 m

	Target height
	35 m

	Frequency
	7 GHz

	RCS
	0 dBsm


[image: ]
[bookmark: _Ref165753215]Figure 10: The deployment in the simulation.
[image: ]
[bookmark: _Ref165755140]Figure 11: The simulation results.
From the simulation results in Figure 9 we can find  is always larger than . The pathloss difference between them is affected by the distance of TX-RX and the RCS in target channel.
Observation 4: The pathloss difference between the target channel and background channel is related with the distance of TX-RX and the RCS, and cannot be wholly neglected especially for relatively-large RCS and/or relatively-short TX-RX distance.
If there are several target channels in the same ISAC channel and their cluster power are independent, the normalization factors in Eq.(27) changes into:
(28) [bookmark: _Ref165815587]
The normalization factors will be affected by the target channel number except for the distance of TX-RX and the RCS. Thus, we need to evaluate the summation of all target pathloss before making the normalization.
Proposal 9: Evaluating the summation of all target pathloss before conducting the power normalization.
6.2. The normalization when the RCS is modeled in fast fading
In Eq.(25) the RCS is modeled in fast fading. Each cluster has their own RCS values. We can normalize cluster power by two methods:
· The first method: The cluster power values in the target channel are normalized to the pathloss of target channel. The cluster power values are weighted by the RCS values, and then they are normalized to a standard RCS  of the th target channel. The expression is Eq.(29). After applying this normalization, the target channel and background channel should be further normalized as Eq.(27) and (28).
(29) 
· The second method: The cluster power values are normalized with the background clusters directly. In this way the pathloss of target and background channel are considered together. The normalization factor expression is Eq.(30). If there are multiple target channels in the ISAC channel, the normalization factor is expressed as Eq.(31).
(30) [bookmark: _Ref165819502]
(31) [bookmark: _Ref165819690]
This normalization method needs to evaluate all cluster RCS values and the pathloss of the target pathloss. Because the RCS values are generated randomly, the summation of RCS weighted cluster power in target channel may larger or smaller than 1 as shown in Figure 10. This can affect the power proportion between the target channel and background channel. The power propagation of the target channel has positive correlation with the std of RCS distribution and negative correlation with the mean of RCS distribution.
[image: ]
[bookmark: _Ref165842547]Figure 12: The summation of RCS weighted cluster power.
Proposal 10: The power normalization is related with the RCS modeling level. Before determining normalization method we need to determine RCS modeling level firstly.

7. Conclusion
In this contribution, we provide our views on ISAC channel modelling, and the following observations and proposals are made:
Observation 1: The TR 38.901 doppler shift modeling method is not suitable to describe movement speed in ISAC use cases.
Observation 2: The diffraction path carries large power of the whole multipath.
Observation 3: The convolutional coupling of the multipaths’ power in TX-target and target-RX are similar to the actual multipath power in the target channel.
Observation 4: The pathloss difference between the target channel and background channel is related with the distance of TX-RX and the RCS, and cannot be wholly neglected especially for relatively-large RCS and/or relatively-short TX-RX distance.

Proposal 1: Constructing the propagation routes in NLOS clusters/rays is necessary. It helps model a certain relationship among the variation of angle, delay, channel phase, and target movement.
Proposal 2: The determination of propagation route of NLOS clusters based on the delay, departure angles (AOD/ZOD), or arrival angles (AOA/ZOA) parameters of the NLOS clusters according to TR 38.901 should be further studied. The following two options can be considered:
· Option 1: Single-bounce model.
· Option 2: Multi-bounce model.
Proposal 3: The RCS value of target can be modeled by a certain distribution according to the target type.
Proposal 4: Prioritize a real value RCS model. The polarization RCS value can be further modeled if the workload is acceptable.
Proposal 5: The RCS model can be applied in link level, cluster level or ray level. 
Proposal 6: Target channel modelling should use concatenated modelling method.
Proposal 7: When the target channel is concatenated, the TX-target channel and target-RX channel are convolutional coupling.
Proposal 8: The background channel can be generated by TR 38.901, at least for bi-static mode. For mono-static mode, how to model the background channel can be further discussed.
Proposal 9: Evaluating the summation of all target pathloss before conducting the power normalization.
Proposal 10: The power normalization is related with the RCS modeling level. Before determining normalization method we need to determine RCS modeling level firstly.

8. Appendix-The determination method of NLOS propagation route
From our observations in indoor [15] and outdoor [6], and other company’s observation [16] we can find that the single bounce and two bounce NLOS clusters occupy the major power of all NLOS cluster/rays. Here we try to give a new method to determine the EO position in the scenario. This method is under the condition that the bounce number is no more than two during the propagation in TX-target (or target-RX) link. 
[image: ]
[bookmark: _Ref166244811]Figure 13: The illustration of step 1.
· Step 1: Generating the AOA, AOD, ZOA, ZOD, and delay of th cluster according to TR 38.901. The single bounce ellipse can be plotted as Figure 12.
[image: ]
[bookmark: _Ref166245039]Figure 14: The illustration of step 2.
· Step 2: Using the mathematical method to get the single bounce points  and  which are red points in Figure 13. 
[image: ]
[bookmark: _Ref166245262]Figure 15: The illustration of step 3.
· Step 3 (Option): If there are some physical constraints, such as ground and the wall surface in the scenario, we need to find the condition points. The condition points are the intersections between departure/arrival directions and physical constraints. If the condition points are within the single bounce ellipse, we need to calculate a corresponding point at another direction to keep the propagation delay constant. For example:
· If the condition point  is between RX-, as shown in Figure 14, we need to calculate the corresponding condition point  in TX- under the propagation delay. The candidate EO may appear in the line segment target- and -.
· If the condition point  is between TX-, we need to calculate the corresponding condition point  in target- under the propagation delay. The candidate EO may appear in the line segment TX- and -.
[image: ]
Figure 16: The illustration of step 4.
· Step 4: Finding the intersection set of all possible line segment where EO may appear.
[image: ]
Figure 17: The illustration of step 5 and 6.
· Step 5: Generating a EO position within the intersection set with a certain distribution. 
· This distribution can be uniform. 
· Or this distribution can depend on the appearance possibility of single bounce and multi-bounce which is from the measurement results.
· Step 6: Calculating the corresponding EO position at another side.
· If the generating EO position is in departure direction, we need to calculate the corresponding EO position in arrival direction under the propagation delay.
· If the generating EO position is in arrival direction, we need to calculate the corresponding EO position in departure direction under the propagation delay.
We can use this method when we need to model the movement according to a certain propagation route. If the maximum bounce number is limited to one, the EO will be fixed to  and . During the target movement, the positions of EOs keep consistent. 
This method gives no further amendment for the NLOS cluster power. The RCS, material, orientation, and physical size of target don’t need to be standardized in RAN1. Besides, it is an option for modeling NLOS clusters’ movement. If the future evaluation is only based on the LOS cluster/ray or only based on a static channel, this method is compatible with present TR 38.901 model.
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