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[bookmark: OLE_LINK1]Introduction 
Current 5G-Advance network is designed for data transmission almost, which may not support sensing on many dimensions, e.g., signal, network structure, deployment mode and so on. To support evolution to integrated sensing and communication (ISAC) system, a study item on channel modelling for ISAC for NR is approved in RAN#102 meeting [1]. The objective of the SID is copied below.
	Objective of SI 
The focus of the study is to define channel modelling aspects to support object detection and/or tracking (as per the SA1 meaning in TS 22.137). The study should aim at a common modelling framework capable of detecting and/or tracking the following example objects and to enable them to be distinguished from unintended objects:
· UAVs
· Humans indoors and outdoors 
· Automotive vehicles (at least outdoors)
· Automated guided vehicles (e.g. in indoor factories)
· Objects creating hazards on roads/railways, with a minimum size dependent on frequency
All six sensing modes should be considered (i.e. TRP-TRP bistatic, TRP monostatic, TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic, UE monostatic). 
Frequencies from 0.5 to 52.6 GHz are the primary focus, with the assumption that the modelling approach should scale to 100 GHz. (If significant problems are identified with scaling above 52.6 GHz, the range above 52.6 GHz can be deprioritized.)
For the above use cases, sensing modes and frequencies:
- Identify details of the deployment scenarios corresponding to the above use cases.
- Define channel modelling details for sensing using 38.901 as a starting point, and taking into account relevant measurements, including:
(a) modelling of sensing targets and background environment, including, for example (if needed by the above use cases), radar cross-section (RCS), mobility and clutter/scattering patterns;
(b) spatial consistency.
It will be discussed at RAN#105 whether to include additional study beyond channel modelling for ISAC.


In this contribution, we provide our views on ISAC channel modelling.
Discussion 
Experiment campaign
In first state of study on channel modelling for ISAC, we implemented experiment to establish preliminary understanding of propagation characteristics of ISAC channel in typical sensing scenarios. The typical 77 GHz mmWave radar channel measurements are conducted in urban street and expressway scenarios. The hardware architecture of the measurement system  consists of a 77 GHz frequency modulated continuous wave (FMCW) radar, a camera, and a laptop. The radar system comprises the evaluation module (TI AWR1843BOOST) and the data acquisition module (TI DCA1000EVM). The FMCW radar evaluation module works in the 76 - 81 GHz band with 1T4R - 3T4R MIMO modes. The measurement system is installed on a test car as shown in Figure 2.1-1. The camera records the real-time scenario to provide accurate relative position information for subsequent processing. The measurement system settings are summarized in Table 2.1-1. 
[image: ]      [image: ][image: ]
(a)                                      (b)                         
Figure 2.1-1. Measurement campaigns: (a) Test car with the measurement system; (b) mmWave radar and the frame structure
Table 2.1-1 Measurement parameters
[image: ]

The measurement campaign is conducted in a typical urban street scenario where environmental clutters resources mainly include ground, isolation fences, bushes and buildings, and sensing targets are two cars ahead of the test car.

[image: ]
Figure 2.1-2 Environmental clutter resources in typical urban street scenario

[image: ][image: ]
Figure 2.1-3 Measurement in typical urban street scenario
To extract the clutters of the four typical structures, i.e. ground, isolation fences, buildings and bushes from the echo data containing environmental structures respectively shown in (a) (c) (e) (g) of the following figures, a power threshold of the maximum echo intensity is set to extract clutters. 
[image: ]
Figure 2.1-4 Extracted Clutters from different structures 
The extracted environmental clutters are analyzed to help distinguish sensing targets echo signal from complex sensing channel mixed with the environmental clutters. Based on the statistical properties of distance, velocity and angular of environmental clutters, full clutter profile can be obtained.
[image: ]
Figure 2.1-5 Distance-velocity profile and distance-angle profile of clutters from environmental objects
Based on the prior knowledge of environmental clutters, sensing target objects can be distinguished from measurement result. The Figure 2.1-6 (a) shows the velocity and distance characteristics of target objects in the field of radar’s view. The fixed scene objects are mainly known as fence, buildings, ground and other clutter sources with a velocity around -7.5m/s, showing this part of objects move backward relative the radar car. Related to pure environmental clutters channel profile, two components with forward velocity can be extracted as sensing channel of two target cars. Figure 2.1-7 (b) shows the angular and distance characteristics of objects. 
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(a)                                  (b)
Figure 2.1-6. Velocity-range profile (a) and angle-range profile (b) of cars following scenario.

Some conclusion can be summarized from the above measurement results. 
· The sensing echo reflected from sensing target has different features with environmental clutter echo. The scheme of channel modelling for sensing targets can be separated from environmental target.
· In the scenario of concern, the sensing targets are usually moving with Doppler frequency shift, and most of environmental objects are static or moving slowly. Properties of Doppler frequency should be considered carefully in sensing system.

Observation 1: Components of sensing targets and environmental objects can be extracted from the mixed measurement results.

Based on the above views on sensing channel, some potential schemes for channel modelling for ISAC system are proposed in following.

General
Similar as channel modelling for communication, typical channel modelling generation methods can also include statistical channel modelling and deterministic channel modelling for sensing, i.e. stochastic geometry and hybrid with ray tracing channel modelling respectively in TR 38.901 [2]. 
· Option 1: Stochastic geometry channel modelling. 
· The stochastic geometry channel model is based on various statistical characteristics of the channel condition. It is a potential direction to enhance the channel model described in TR 38.901 to meet the needs of sensing, such as LOS probability, cluster generation procedure, channel coefficient generation procedure and so on, and improve the characteristics of the sensing target, such as RCS (Radar Cross Section), modify pathloss and small-scale fading channel generation.
· Option 2: Hybrid with ray tracing channel modelling. 
· Hybrid channel model is based on both ray tracing method and stochastic model, in which the interested targets requiring high accuracy and consistency are modelled by ray tracing, and the channels of background objects are modelled by stochastic method. This method for communication is also specified in TR38.901, and can be further considered for the sensing evaluation work especially for indoor scenarios. 
Proposal 1: Consider both stochastic geometry and hybrid with ray tracing channel modelling for sensing in Rel-19, where the modelling in TR 38.901 can be the starting points.
The 3GPP standardized modelling method currently widely used belongs to the channel impulse response modelling method. As shown in Figure 2.2-1, the channel impulse response modelling is comprised of multiple clusters where the component of each cluster may include angle, delay, power, etc.  
[image: ]
Figure 2.2-1 Channel impulse response modelling
In the above 3GPP standardized model for communication, the typical reflected and scattered signal from sensing target is not modelled with clear geometry information. For sensing, the location and some other characteristics of the sensing targets should be clearly modelled for the performance evaluation and comparison, so the deterministic clusters with Tx-Target path and Target-Rx paths are needed. During the transmission, some signals pass through the sensing target, and therefore these signals carry information about the sensing targets. However, the other signals do not carry such information because they do not pass through the sensing target but are reflected by the environment. 
 [image: ]         
(a)  Mono-static sensing mode                     (b) Bi-static sensing mode
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Figure 2.2-2 Method of modelling the LOS echo signals that pass through the sensing target and environmental target
As shown in Figure 2.2-1 and 2.2-2, sensing channel can be separated into two parts:
·  	Sensing channels of sensing targets: includes LOS and NLOS echo channels between the transceiver and sensing targets. The sensing targets can be vehicles, drones, passengers, and so on. This part mainly considers the channel modelling related to the sensing target object including all non-negligible propagation paths passing through the target object(s).
·  	Sensing channels of environment: includes LOS and NLOS echo channels between the transceiver and environmental targets. The environmental targets can be environmental scatters, such as buildings, ground, and plants. The environment channel does not include critical information of the target object(s).

[image: ]                
Figure 2.2-3 Illustration of Channel modelling for target and environment
Proposal 2: The sensing channel can be separately modelled for sensing targets and environment as follows:


In following subsections, this methodology is considered for both stochastic geometry and hybrid with ray tracing channel modelling.
Stochastic geometry channel modelling
Channel Modelling for sensing target
Based on channel coefficient generation procedure described in TR 38.901, some necessary modifications to build channel model for sensing targets can be categorized to three aspects:
· Large scale loss including pathloss, RCS loss
· LOS/NLOS factors
· The Fast fading
Pathloss and RCS
The path loss formula in TR 38.901 calculates the path loss of the link from a transmit point A to a receive point B. However, in the sensing scenarios, the sensing signal is sent from point A, reflected at the sensed object (point C), and then received at point B. The impact of reflection is not considered in the path loss defined in the current TR38.901.
As well known, the radio wave will reflect on the target object, which will cause large power loss. When calculating pathloss, it is necessary to consider the impact of this part, i.e., Radar Cross-Section (RCS). 
RCS is affected by many factors, such as incidence angle, reflection angle, material, frequency, etc. as well defined in Radar technique area, RCS can take typical values, as shown in Table 2.3.1-1.  
Table 2.3.1-1 Typical value of RCS
	Type of target
	
Typical value of RCS（）

	Insect or Bird
	


	Human
	0.5-2

	Small drone
	0.01-0.5

	Car or truck
	100-300












Suppose the distance between transmitter and sensing target is  and distance between sensing target and radar receiver is . According to the radar formula, the received echo power is , and then the whole path loss of radar without considering properties of antennas can be deduced as , in which  is the transmitted power,  and  is transmitter antenna gain and receiver antenna gain, respectively.  is the wave length of carrier wave, and  is RCS of sensing target. Ideal traditional path loss in communication system for one way can be translated by radar formula as . Thus based on radar formula, we suggest the path loss formula considering RCS loss as shown in below.

                    (2.3.1-1)


Where  and  are based on formulas in Table 7.4.1-1 of TR38.901 which have been justified. 
In the following figures for UAV scenarios, we compared the suggested formula of equation 2.3.1-1 with the well known Radar formula, i.e. 

                                 (2.3.1-2)
where d1 is the distance between the transmitter and the target, and d2 is the distance between the target and the receiver. With the formula 2.3.1-1, RMa parameters described in TR 38.901, and in TR 36.777 [3] RMa-AV are used for simulation. All scenarios are set with LOS only links. It can be found that there is no much difference among formulas for UAV scenarios.
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Figure 2.3.1-1 Pathloss including RCS comparisons
Proposal 3: For sensing target channel modelling, large scale RCS should be included on top of the large scale pathloss calculation described in TR 38.901. The Pathloss computation can be updated as




Where  and  are based on formulas in Table 7.4.1-1 of TR38.901.
LOS and NLOS
In wireless sensing, LOS link means that there is a line of sight path between the sensing transceiver and the target object.
The illustrations of LOS and NLOS for mono-static sensing and bi-static sensing are shown in Figure 2.3.1-2 and Figure 2.3.1-3. The probability of LOS links between two objects has been defined in TR38.901 (see 7.4.2 LOS probability) which is already well justified, we think it can be completely reused for sensing. 
For mono-static sensing, the LOS probability only needs to be determined for one way because of channel reciprocity. For bi-static sensing, the LOS probability should be determined for two segments, one is between the transmitter and the target object, and the other is between the target object and the receiver. If one segment is NLOS with the target object, the large scale loss including pathloss and RCS loss will be significantly increased, such as Figure (B) in Figure 2.3.1-2, and Figure (B) (C) (D) in Figure 2.3.1-3. The reflected signal power may be very weak and could be probably ignored for modelling. Hence, whether this NLOS link (or called as two hops reflecting) should be modelled needs to be further studied. 
[image: ]
Figure 2.3.1-2: LOS and NLOS for mono-static sensing
[image: ]
Figure 2.3.1-3: LOS and NLOS for bi-static sensing
Proposal 4: For sensing channel between transmitter/receiver and a sensing target, LOS probability methodology defined in TR 38.901 can be reused.
· Whether/how to model NLOS links should be further studied. 
Fast fading
The stochastic geometry channel model defined in TR38.901 is based on clusters and rays, as shown in Figure 2.3.1-4. Different clusters and rays may have different physical properties, e.g. power, delay, angel, etc.
[image: ]
Figure 2.3.1-4: Illustration for channel model based on clusters and rays
For sensing, RCS may affect the generation of clusters, i.e. small-scale fading channel generation because of diverse characteristic of all kinds of sensing objects. It is necessary to study the scattering characteristics of typical targets e.g. pedestrians, vehicles, UAVs. 
To verify the RCS impact on the small scale fading for sensing targets, a real measurement is performed on the center frequency with 23.5GHz and the bandwidth with 5GHz, where different fuselage states of leveling and tilting are considered. Besides, different propeller states of vertical and parallel to the aircraft axis are also considered. 
[bookmark: OLE_LINK9]In Figure 2.3.1-5 and 2.3.1-6, the angles between Tx and Rx is 10° and 45° respectively to emulate different UAV locations. As shown in the measurement results, the radar cross section varies with different Tx/Rx directions, UAV fuselage states, and propeller states. 
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Figure 2.3.1-5 The radar cross section varies when the angle between Tx and Rx is 10°
[image: ]
Figure 2.3.1-6 The radar cross section varies when the angle between Tx and Rx is 45°
Assuming the rays through a sensing target can be grouped into one cluster for easy modelling, consequently, different rays may have different receive power, angles of incidence/reflection, and even time delay because of non-negligible RCS impact. 
As shown in Figure 2.3.1-7, for each ray or cluster through a target, the time delay should consider the total distance from Tx to the target, and from the target to Tx, the departure angle should consider the direction from Tx to the target, the arrival angle should consider the direction from the target to the Rx. Also, for Doppler modelling, the movement of Tx, Rx, and the target should be considered. 
[image: ]
[bookmark: OLE_LINK10]Figure 2.3.1-7 Illustration for the whole channel modelling
[bookmark: OLE_LINK5]Proposal 5: For sensing channel modelling on small scale fading, the rays through a sensing target can be grouped in one cluster. At least the following should be considered for each ray
· each ray may have different powers because of RCS impact 
· the time delay should consider the total distance from Tx to the target, and from the target to Tx, 
· the departure angle should consider the direction from Tx to the target,  
· the arrival angle should consider the direction from the target to Rx. 
· Doppler modelling should consider the movement of Tx, Rx, and the target
· FFS: the detailed distribution/characteristic of rays within the cluster for different target objects, e.g. UAV, car, pedestrian.
Environment channel modelling 
The effect of environment on sensing channel is usually shown as clutters from ground, woods, buildings, even weather, and such other things. For stochastic modelling, the clutters from environment can be modelled by environment clusters based random stochastic model as TR 38.901 because the cluster characteristic such as location does not impact sensing channel of the target.
Stochastic model from TR 38.901
Due to that only environment channel is considered, the procedure of generating random rays and clusters in TR 38.901 Clause 8.4 step 4 to step 13 can be reused for generating environment channel without any change for bi-static sensing modes. The large scale loss, e.g. pathloss, LOS/NLOS determination can be based on the distance between the transmitter and receiver. The environments channel generated by stochastic model from TR 38.901 is given by

                                 (2.3.2-1)
However, for mono-static sensing modes, how to calculate the large scale pathloss for the part of environment channel modelling is unclear since the distance between transmitter and receiver are almost zero. 
Proposal 6:  For environment channel modelling, the generation mechanism of TR 38.901 can be reused. 
· FFS: How to determine large scale loss for mono-static sensing modes

Procedure of stochastic geometry channel modelling for sensing
In this section, we provide our views on sensing channel modelling procedures as shown in the following figure. 
[image: ]
Figure 2.3.3-1 Channel coefficient generation procedure
The procedure is described as follows:
· Step 1:  Set scenario, network layout, and antenna array parameters
Set parameters of the ISAC channels.
1) 	Choose one of the scenarios (such as UMi, UMa, RMa, InH, InF, UAV, or V2X).
2)  	Choose a global coordinate system and define azimuth angle , zenith angle , and spherical basis vectors  and .
3)  	Give the number of BS and sensing targets.
4)  	Give the 3D location of the BS and sensing target, and determine Tx-Target LOS directions , 
5)  	Give the BS antenna field patterns  and  , as well as array geometries.
6)  	Give BS array orientations with respect to the global coordinate system. The BS array orientations are defined by  (bearing angle),  (downtilt angle), and (slant angle). Based on the array orientations, the global coordinate in the simulation space can be converted into the local coordinate on the array antenna.
7)  	Specify the system center frequency  and bandwidth  in Hz
8)  	Configure the RCS type (such as vehicle or drone), quantity, and speed and direction of mobility in the global coordinate system of the sensing target.
Parameter calculation or settings in Steps 2-8 vary with the simulation scenario, including LOS/NLOS probabilities, large-scale parameters (DS, AS, SF, and K), cluster delays, and angles. For details, refer to 3GPP TR 38.901 if the scenario is UMi, UMa, RMa, InH, or InF, 3GPP TR 36.777 if the scenario is UAV, and 3GPP TR 37.885 [4] if the scenario is V2X.
· Step 2: Determine the propagation condition (LOS or NLOS) 
For details about how to determine the propagation condition (LOS or NLOS), see Clause 2.3.1.
· Step 3: Calculate pathloss
For details about how to calculate the Tx-Target-Rx pathloss for a sensing target, see Clause 2.3.1. For details about how to calculate the Tx-Rx pathloss for an environmental target, see 3GPP TR 38.901.
· Step 4: Calculate large-scale parameters (DS, AS, SF, and K)
Use the method described in Clause 7.5 in 3GPP TR 38.901 to calculate the DS, AS, SF, and K parameters at least for environment. For the Tx-Target-Rx links, if only one cluster is modelled for each target, this step may not be needed anymore.

· Step 5: Generate cluster delays.
If each sensing target is modelled as a single sensing cluster, say n=1, the Tx-Target-Rx channel can be modelled as a LOS echo cluster with multiple rays depending on RCS impact for the sensing target, and the relative delay of the first ray of this sensing target cluster is: , and additional delay for other rays can be further determined. The absolute delay should depends on the distance of Tx-Target and Target-Rx. 
· Step 6: Generate cluster power.
If each sensing target is modelled as a sensing cluster, there is no need for power allocation among clusters. Power P1 of the cluster corresponding to the target is the whole power for the target, and the power can be equally allocated to each ray in the cluster or depending on the RCS impact for the sensing target.
· Step 7: Generate cluster departure angles and arrival angles.
Follow Step 7 in Clause 7.5 in 3GPP TR 38.901 to generate the AOD, ZOD, AOA, and ZOA, that is, ϕLOS, AOD，θLOS,ZOD，ϕLOS, AOA，θLOS,ZOA , but LOS directions need to be adjusted. Replace the Tx-Rx LOS AOD and LOS ZOD in the global coordinate system with the Tx-Target LOS transmitting angles, denoted as {ϕLOS, AOD，θLOS,ZOD }. Replace the Tx-Rx LOS AOA and LOS ZOA in the global coordinate system with the Target-Rx LOS receiving angles, denoted as {ϕLOS, AOA，θLOS,ZOA }. 

One method is to use the method described in 3GPP TR 38.901 to express the angles of the th path within the sensing target cluster as follows
                                    (2.3.3-1)
                                    (2.3.3-2)
                                     (2.3.3-3)
                                    (2.3.3-4)
If one cluster is modelled, are all 1, and only the angular spreads of rays within the cluster are considered. This step can be further studied based on the measurement of experiment campaign or ray tracing simulation.
In the mono-static sensing case, the direction of the forward link is 180 degrees from the reverse link. 
· Step 8: Generate channels for environmental targets.
In the bi-static sensing case, the environment channels are not correlated with the sensing target. This can be considered as statistical modelling of environmental targets in the environment. The environmental targets corresponding to NLOS clusters can be regarded as having statistical significance. Follow the steps in 3GPP TR 38.901 to generate channel parameters for environmental targets.
[image: ]
Figure 2.3.3-2 Channel modelling for environmental targets

Use (7.5-28) in 3GPP TR 38.901 to generate the channel coefficient  of NLOS clusters between the sensing transmitter and sensing receiver, and use (7.5-29) in 3GPP TR 38.901 to generate the channel coefficient  of the LOS clusters. The LOS channel coefficient of the environment is:
              (2.3.3-5)
The NLOS channel coefficient of the environment is:
 (2.3.3-6)
where,  refers to the Tx-Rx distance.
In the mono-static sensing case, the environmental channel of environmental targets can be modelled by dropping environmental targets randomly. 
·  Step 9: Couple rays within a cluster for both azimuth and zenith angles.
Follow Step 8 in Clause 7.5 in 3GPP TR 38.901 to randomly couple AOD angles to AOA angles, ZOD angles to ZOA angles, and AOD angles to ZOD angles for rays within a sub-cluster.
· Step 10: Generate the XPR.
Generate the XPR of the sensing and environmental targets. For details about the implementation, see Clause 7.5 in 3GPP TR 38.901.
For the parameter values, see 3GPP TR 36.777 if the scenario is UAV and 3GPP TR 37.885 if the scenario is V2X.
· Step 11: Generate initial random phases.
Generate initial random phases for the sensing target. For details about the implementation, see Clause 7.5 in 3GPP TR 38.901. It can be further studied if there is any improvement needed. 
· Step 12: Generate sensing channel coefficients.
Use the method described in 3GPP TR 38.901 to generate the sensing channel coefficients, with the absolute delays of the cluster and the Doppler effect caused by the target speed relative to the sensing transmitter and receiver being considered, respectively. In case LOS paths exist on both the Tx-Target link and the Target-Rx link, either of the following methods can be used to generate sensing channel coefficients. The final decision can be further studied.
Method 1: Model one LOS echo path that passes through the sensing target and multiple NLOS echo paths.
Model one Tx-Target-Rx LOS echo path and multiple NLOS echo paths, and use the Ricean K factor to merge the LOS and NLOS echo paths as a channel for LOS echo signals.
                (2.3.3-7)
where,

                  (2.3.3-8)
 
indicates the channel coefficient of the Tx-Target-Rx LOS echo path, whose random phase can be regarded as a reference datum, that is, the normalized phase. The second term  in  references the deterministic phase expression for LOS paths in 3GPP TR 38.901. In some scenarios, the phase may randomly change after LOS echo signals pass through the sensing target, and the phase change can be further modelled as a random phase expression.
                 (2.3.3-9)
indicates the channel coefficient of NLOS echo paths for the Tx-Target-Rx NLOS echo cluster, where,  refers to the Tx-Target-Rx distance.
  
                   (2.3.3-10) 
 
where, P1 denotes the transmitting power of the sensing transmitter to the target.  and  denote the speeds of the sensing transmitter and receiver with respect to the sensing target, respectively.  and  are the transmitting spherical unit vector directed from the sensing transmitter to the sensing target and the receiving spherical unit vector directed from the sensing target to the sensing receiver, respectively. For detailed definitions, see 3GPP TR 38.901.
Method 2: Model the whole as an NLOS cluster.
Model the sensing target as a single sensing cluster. Model the Tx-Target and TargetRx channels together as an NLOS cluster, and consider all paths as NLOS paths without taking into account the effect of the Ricean K factor. The LOS echo channel coefficient of the sensing target is given by
                                  (2.3.3-11)
where,  is generated in the same way as in Method 1.
· Step 13: Superimpose large-scale parameters including large scale RCS loss.
Taking into account the sensing channel coefficients for multiple targets, repeat the above steps for each target to generate  for its sensing channel model. After the large-scale pathloss and shadow fading are superimposed, the channel coefficient for sensing targets is given by:
                               (2.3.3-11)
where, T refers to the number of targets.  and  denote the pathloss and shadow fading of the th target, respectively.
Then, with the Tx-Rx environmental channel generated in Step 8 according to 3GPP TR 38.901 taken into account, the following equation is achieved:
                      (2.3.3-12)
where, T is the number of sensing targets,  is the channel coefficient of the kth target,  is the channel coefficient of the environment,  is the pathloss of the kth target,  is the shadow fading of the kth target,  is the pathloss of the environment, and  is the shadow fading of the environment. For details about how to calculate the pathloss and shadow fading, see Clause 2.3.1. When the RCS needs to be calculated based on the shape and angles of the target, the angle parameters to be used include the ZOA and AOA of the Tx-Target LOS paths and the ZOD and AOD of the Target-Rx LOS paths.

Hybrid channel modelling
Hybrid model is composed of a deterministic component and a stochastic component. In TR 38.901, the hybrid system is designed to evaluate or predict the impacts for communication from environmental structures and materials with the use of digital map. The sensing task makes a requirement for a more accurate and deterministic sensing channel. 
For sensing with hybrid channel modelling, the sensing channel related to targets and some environmental objects affecting sensing targets severely should be modelled by ray-tracing method with a higher determinacy and predictability. The environmental channels related background wireless environment, such as ground, woods, buildings, and other things, can be assumed as random clutters and be modelled by stochastic geometry modelling method in TR 38.901 without any changes. The hybrid sensing channel model can be calculated by overlapping the two obtained channel, which is

                                     (2.4-1)
[image: ]
Figure 2.4-1 Hybrid Channel coefficient generation procedure
Proposal 7:  Hybrid channel modelling procedure in TR 38.901 can be reused and enhanced for sensing
· Sensing channel related to targets should be modelled with ray-tracing based method.
· Environment channel related to environmental clutter sources should be modelled with stochastic geometry model.
· FFS: Whether the environment objects affecting sensing channel strongly shall be modelled with ray-tracing method or stochastic geometry model.
Conclusion
In this contribution, we discuss our views on channel modelling of ISAC system, and we have the following proposals:
Observation 1: Components of sensing targets and environmental objects can be extracted from the mixed measurement results.
Proposal 1: Consider both stochastic geometry and hybrid with ray tracing channel modelling for sensing in Rel-19, where the modelling in TR 38.901 can be the starting points.
Proposal 2: The sensing channel can be separately modelled for sensing targets and environment as follows:


Proposal 3: For sensing target channel modelling, large scale RCS should be included on top of the large scale pathloss calculation described in TR 38.901.  
Proposal 4: For sensing channel between transmitter/receiver and a sensing target, LOS probability methodology defined in TR 38.901 can be reused.
· Whether/how to model NLOS links should be further studied. 
Proposal 5: For sensing channel modelling on small scale fading, the rays through a sensing target can be grouped in one cluster. At least the following should be considered for each ray
· each ray may have different powers because of RCS impact 
· the time delay should consider the total distance from Tx to the target, and from the target to Tx, 
· the departure angle should consider the direction from Tx to the target,  
· the arrival angle should consider the direction from the target to Rx. 
· Doppler modelling should consider the movement of Tx, Rx, and the target
· FFS: the detailed distribution/characteristic of rays within the cluster for different target objects, e.g. UAV, car, pedestrian.
Proposal 6:  For environment channel modelling, the generation mechanism of TR 38.901 can be reused. 
· FFS: How to determine large scale loss for mono-static sensing modes
Proposal 7:  Hybrid channel modelling procedure in TR 38.901 can be reused and enhanced for sensing
· Sensing channel related to targets should be modelled with ray-tracing based method.
· Environment channel related to environmental clutter sources should be modelled with stochastic geometry model.
· FFS: Whether the environment objects affecting sensing channel strongly shall be modelled with ray-tracing method or stochastic geometry model.
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