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Integrated Sensing and Communication (ISAC) represents an innovative field of study that focuses on merging wireless communication capabilities with sensing functionalities within a unified framework. Utilizing the same set of hardware and signal-processing techniques, ISAC has the potential to unlock novel applications and services. These include precise location tracking, gesture detection, intruder detection, and the reconstruction of physical environments. Additionally, ISAC offers the prospect of enhancing both the efficiency and effectiveness of wireless network systems. As a cutting-edge technology, ISAC is poised to play a pivotal role in the advancement of future mobile communication generations, including 5.5G and 6G. Therefore, it is important to establish a solid channel modelling framework to enable evaluation of sensing techniques. In [1], a Rel-19 study on channel modelling for ISAC is approved, focusing on object detection and/or tracking.  Specifically, the following objectives have been agreed to be the high-level guidelines:

· 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.



In this contribution, we discuss the details related to channel modeling methodology. Our views on deployment scenario can be found in our companion paper [2].
Discussion
Channel modeling methodology and framework
Modeling methodology
Wireless propagation typically involves specular and diffuse elements. The specular elements encompass wave propagations such as Line-of-Sight (LOS), specular reflection, diffraction, and penetration, playing a key role in the overall channel response by contributing significant energy. On the other hand, diffuse elements are primarily composed of diffuse scattering, and despite the relative weakness of individual scattering rays, their collective impact is substantial. Numerous studies focusing on methodologies have been conducted, broadly categorizing them into two main groups: 
· Stochastic Channel Modeling: In this approach, both LOS and NLOS elements are generated randomly using predefined statistical distributions. The parameters for these distributions are derived from comprehensive measurements and simulations conducted in various scenarios or different geometric layouts within the same scenario. The stochastic channel model has been widely used as a common channel modelling methodology in 3GPP. 3GPP 3D channel model [3], channel model for frequencies from 0.5 to 100 GHz [4] etc, are all based on stochastic channel modelling methodology.
· Deterministic Channel Modeling: This method involves replicating channels in a defined scenario. Characteristics of each ray, including path loss, propagation delay, arrival/departure angles, etc., are determined using ray-tracing techniques on a specific deployment map. The specular elements, like Line-of-Sight, specular reflection, diffraction, and penetration, are calculated using established propagation theories. Additionally, incoherent diffuse scattering is incorporated semi-deterministically, drawing on theoretical models such as the effective roughness model and radio cross-section model.
It should be noted that when developing a deterministic channel model for a given scenario, the process starts by determining the positions of buildings, thereby creating a map. By simulating real-world radio propagation, this map-based approach aims to enhance the accuracy of modeling for the channel and the studies involved. However, creating a precise map and determining the channels along propagation paths are complex and intricate tasks. The complexity of this modeling process should be thoroughly examined, particularly in terms of its implications on system-level modeling and evaluation. Considering the consistency of channel model methodology with previous 3GPP channel model, which is also the starting point as indicated by the SID, also taking into account the limited availability of TU for this SI, the stochastic based channel model is preferred. 

Proposal 1: Considering the consistency of channel model methodology with previous 3GPP channel model which is also the starting point as indicated by the SID, also taking into account the limited availability of TU for this SI, the based stochastic channel model is preferred.
 
Channel modeling framework
Existing channel model in TR 38.901 [4] only models the one-way multipath channel between the signal transmitter and the signal receiver, which is used to describe the channel environment characteristics between the transmitter and receiver. However, in an integrated communication-sensing system, since the sensing system needs to receive sensing signals reflected by the sensing target to perceive and detect targets in the environment, it is necessary to construct a two-way multipath channel suitable for communication-sensing systems. This includes the link from the sensing transmitter to the sensing target and the link from the sensing target to the sensing receiver. The communication-sensing channel model can be improved upon the existing communication channel model by introducing elements and features relevant to the sensing system, such as Radar Cross Section (RCS) information, making it suitable for different communication-sensing scenarios, such as highway scenarios, drone scenarios, and other scenarios. Furthermore, the channel model of environmental targets can be also considered where environmental targets cause interference to sensing target.
Since the SID dictates ‘Define channel modelling details for sensing using TR 38.901 as a starting point’, one feasible approach is to base on the existing communication channel model in TR 38.901, introducing sensing-related features (such as RCS) to adapt it for two-way multipath transmission in integrated communication and sensing systems. Specifically, the global coordinate system, application scenarios, antenna models, and shadow fading in the integrated communication and sensing channel model can directly refer to TR 38.901. This study should focus on the enhancement for large-scale path loss, small-scale multipath, environmental interference modeling, and RCS modeling. The general directions for enhancement include the following aspects:
· Large-scale fading: Large-scale path loss includes the path loss between the sensing transmitter and the sensing target, the path loss between the sensing target and the sensing receiver, as well as the shadow  fading caused by the signal reflecting and scattering of the sensing target.
· Small-scale fading modeling: The multipath between the sensing transmitter and the sensing target, and between the sensing target and the sensing receiver, can be modeled as Line-Of-Sight (LOS) and Non-Line-Of-Sight (NLOS) paths. The multipath between the sensing transmitter and environmental targets, and between environmental targets and the sensing receiver, can also be modeled as LOS and NLOS paths. When there are communication targets in the model, clusters from the communication channel can be chosen as environmental targets to establish the correlation of the shared channel environment between sensing and communication targets.
· RCS modeling: In the modeling of sensing channels, RCS is used to characterize the fading of signals caused by objects. Details of RCS needs FFS, for example, where and how to apply RCS within large-scale path loss and small-scale multipath fast fading.
· Spatial consistency and mobility: Sensing channels must also account for spatial consistency and mobility characteristics. This consideration becomes particularly crucial when there is movement of the sensing transmitter, sensing receiver, and the sensing target. In such scenarios, it's essential to update the relevant parameters related to the spatial consistency and mobility of the bidirectional path.
The general modeling framework can follow the existing flowchart in TR 38.901 [4], while making modifications where appropriate:
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Figure 1: Key steps for ISAC channel model

Proposal 2: The overall modeling shall re-use the existing framework in TR 38.901 and focus on enhancement for large-scale/ small scale fading modeling, RCS, spatial consistency and mobility.

Large scale fading
Large Scale Fading  refers to the attenuation and fluctuations of signal when the signal is transmitted over a long distance. It also covers the attenuation of signal power due to obstacles between the transmitter and receiver. In the modeling of integrated sensing and communication channels, large-scale fading primarily describes the power variation at the sensing receiver located at a certain distance from the sensing transmitter. In the existing 3GPP model, large-scale fading in communication channels is mainly reflected in path loss, penetration loss, and shadow fading. In integrated communication and sensing systems, since scenarios primarily involving Line-Of-Sight (LOS) paths are considered, there is no need to account for penetration loss modeling in large-scale fading. Moreover, for the modeling of shadow fading, the existing shadow fading model in TR 38.901 can be fully reused.
Path loss modeling
The existing path loss formula defined in TR 38.901 describes a one-way link from the transmitter to the receiver, which includes the influence of the receiver's antenna aperture. Since the sensing target only reflects the signal, adjustments are needed in the calculation of path loss, and the impact of the sensing target's Radar Cross Section (RCS) must be introduced. Therefore, the path loss calculation formula for integrated communication and sensing systems, based on TR 38.901, can be modeled as:
                     (1)
: Distance from the sensing transmitter to the sensing target.
: Distance from the sensing target to the sensing receiver.
: Apply existing path loss formula defined in 3GPP with necessary parameters change, if needed.
 for sensing target.

Proposal 3: For path loss fading model, equation (1) based on TR 38.901 can be used. Additional parameter changes may be needed for each of the scenarios selected.

LOS/NLOS probability
There are two candidate approach for LOS/NLOS probability modeling. In the first approach, LOS/NLOS probability can reuse the model in TR 38.901[4]. However, using the existing model would cause the generated LOS/NLOS probabilities not matching the sensing scenarios. For example, in UAV scenarios, the distances between the UAV and the sensing transmitter / receiver are large. Using the existing model would result in most cases of UAV links being NLOS propagation, which is not aligned with the sensing scenario. Therefore, it is necessary to modify the LOS/NLOS probability modeling based on the specific scenario.
The second approach is different from existing model. For the sensing scenario, whether a path is Line-Of-Sight (LOS) or Non-Line-Of-Sight (NLOS) is determined based on whether there is an obstruction between the sensing side (the sensing transmitter and receiver) and the sensing target. If there is an obstruction, it is considered NLOS; if there is no obstruction, it is considered LOS. For mono-static mode, there will be only one case for LOS / NLOS  between TRP and sensing target . However, situation  will got a little complicated when considering bi-static modes. Since in this mode, the probability of a LOS path from the sensing transmitter to the sensing target and from the sensing target to the sensing receiver is different and needs to be calculated separately. Altogether, there are four cases in this mode:
[image: ]
Figure 2: LOS/NLOS for Bi-static mode
In second approach, only when both paths of Tx-Target and Target-Rx are LOS, the whole paths can be considered as LOS. Assuming the LOS probability of Tx-Target and the LOS probability of Rx-Target are independent, the overall LOS probability can be considered as .
Both approaches can be considered, but the second one is preferred because it reflects the realistic signal propagation process. Nevertheless, the LOS probability still needs to be modified or extended for each link (Tx-Target or Target-Rx). As mentioned before, the LOS probability of TRP to UAV cannot be correctly reflected in current TR 38.901. 

Proposal 4: LOS/NLOS probability modeling needs to be modified according to the scenarios.

Radar cross-section (RCS) modeling
Radar cross-section (RCS), also called radar signature, is a measure of how detectable an object is by radar. When the sensing target receives the signal from the sensing transmitter, it generates scattered echoes due to its scattering characteristics. In radar scenarios, RCS is commonly used to characterize these scattering properties and depends on many factors. The RCS of simple geometric bodies depends on the ratio of the structural dimensions of the body to the wavelength. In practical terms, the RCS of a target can be influenced factors such as:
· physical geometry and exterior features of the target
· direction of the illuminating radar
· radar transmitters frequency.
· electrical properties of the target’s surface
Generally, there are three categories of modeling for RCS:
1. Fixed value: In the model, the sensing target is assumed to be a point target with a constant RCS value from any incident or reflected direction. Therefore, a specific RCS value is used. Typically, different sensing targets have different RCS values. The following table gives some typical RCS for microwave frequency band:
Table 1: Typical RCS value for different sensing target
	Targets
	RCS [m²]
	RCS [dB]

	bird
	0.01
	-20

	man
	1
	0

	cabin cruiser
	10
	10

	automobile
	100
	20

	truck
	200
	23

	corner reflector
	20379
	43.1



2. RCS modelled as a random variable following a specific probability density function. For example, uniform distribution or Gaussian distribution model, as well as Swerling, can be used in the category.
3. Approximate the sensing target as a specific-shaped object and calculate the RCS based on the shape of the sensing target and the angle of the electromagnetic waves.
The sensing target can have single RCS value or multiple RCS values. It is also noted that in the modeling, RCS can be applied not only to large-scale fading but also to small-scale fading. This is because the surface medium of an object is not uniform, and each angle may correspond to different scattering characteristics. If RCS is applied in small-scale fading, RCS can be considered for individual modeling for each sensing target or scattering cluster. Path loss for each sensing target and scattering cluster is calculated using the path loss formula. Finally, the path loss values are added by the corresponding channel and summed up to calculate the overall ISAC channel. 
The complexity of these methods is certainly different. Calculation based methods are the most complex and multiple value modelling in small scale fading are also more complex than single value modelling. Additionally, RCS modeling should also consider mobility, as the movement of an object can change the RCS value. Considering the complexity involved in the simulation, it is suggested that RCS is modeled as single value, that is, to model the sensing target as a point target (fixed or based on a specific probability density function) and applied to large-scale fading.

Proposal 5: RCS is modeled as single value (fixed or based on a specific probability density function) and applied to large-scale fading. 

Small scale fading
The ISAC channel encompasses both the communication channel and the sensing channel. For the small-scale modeling of the communication channel, the method from 3GPP TR 38.901 is followed. However, the small-scale modeling of the sensing channel involves modifications to the modeling process outlined in 3GPP TR 38.901. 
In the small-scale modeling, the modeling approach differs based on whether there is a correlation between the communication and sensing channels. If there is a correlation, the shared environmental information of both channels is utilized. The spatial location of NLOS clusters in the communication channel is used to map environmental targets, thereby constructing a correlated model for the integrated communication and sensing channel. Conversely, if there is no correlation between the communication and sensing channels, the positions of environmental targets are obtained by randomly setting their locations.
The transmission paths for sensing-oriented communication include the path from the sensing transmitter to the sensing target, as well as the path of the signal reflected from the sensing target to the sensing receiver. During the transmission of the sensing signal, a portion of the signal interacts with the sensing target, carrying information about it. Meanwhile, another portion of the signal, which does not encounter the sensing target, only reflects off the environment or travels via the LOS path between the transmitter and receiver in a bistatic sensing mode, thus not carrying information about the sensing target. The signals that interact with the sensing target, during their bidirectional link propagation, can travel through the LOS path directly between the sensing transceiver and the target, or they can propagate via NLOS paths involving environmental targets. The overall model can be shown in the figure below:
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Figure 3: Small scale fading for ISAC channel model

Sensing target link modeling 
There are two basic methods for the sensing target link modeling: 
· Concatenation-based modelling
Model the channel from the sensing transmitter to the sensing target and the channel from the sensing target to the sensing receiver in separate segments. In the first segment of the channel modeling, the sensing target is modeled as the receiver, while in the second segment, the sensing target is modeled as the transmitter. Finally, cascade the two segments to form the complete channel. In the generation of each segment, it is possible to model both LOS and NLOS clusters. This approach effectively represents the channel characteristics from the sensing transmitter to the scatterer and then to the sensing target, as well as from the sensing target to the scatterer and then to the sensing receiver. 


Figure 4: Concatenation-based modelling

 The steps involved in the process can mostly follow the approached used in TR 38.901:Establishing the scenario, network layout, and antenna parameters
 Generation of delays
Generating the cluster power 
Generating AOA/AOD
Establishing background target position
Perform coupling.
Generate XPRs
 Generate random initial phases.
 Concatenation and generate channel co-efficient.

Figure 5: Concatenate-based model generation steps
·  Non-concatenation-based modelling
Establish the channel between the sensing transmitter and the sensing target, and the channel between the sensing target and the sensing receiver, as a single joint channel. The modeling method follows the process outlined in 3GPP TR 38.901. Unlike the segmented modeling approach, this method models the sensing target as a single sensing cluster, with the channel from the sensing transmitter to the sensing target and from the sensing target to the sensing receiver forming a LOS echo. This modeling approach does not account for the channel characteristics involving the path from the sensing transmitter to a scatterer and then to the sensing target, nor the path from the sensing target to a scatterer and then to the sensing receiver, as considered in the segmented channel modeling method. The steps in the channel modeling generation are mostly similar to concatenation-based modeling, except that in the last step there is no need to concatenate. 


Figure 6: Non-concatenation-based modelling
The Concatenation-based modelling can simulate the channel characteristics of Tx-scatterer-Target and Target-scatterer-Rx which cannot be reflected in Non-concatenation-based modelling. This model can reflect a more realistic representation of the channel conditions. However, Non-concatenation-based modelling is less complex than Concatenation-based modelling. To reduce the complexity of Concatenation-based modelling, the clusters of sensing target link can be pruned. 

Proposal 6: The sensing target link can be modelled in Concatenation-based way or Non-concatenation-based way. To better reflect the actual situation of the channel in the real world, Concatenation-based modelling is preferred.

Background object modeling 
For Non-concatenation-based modelling, the background objects link is generated during the process when the sensing target link is generated. For Concatenation-based modelling, there are two methods in the background object modelling.
· The same method as the sensing target link
Treat the background object as other sensing objects. Separate the background object link into two parts: Tx-Object link and Object-Rx link.


Figure 7: Concatenation-based background object modelling
· The same method as in TR 38.901
Generate the background object link according to TR 38.901. The same problem needs to be resolved is that the channels between gNB to gNB and UE to UE have not been described in TR 38.901.


Figure 8: Background object modelling based on TR 38.901

Proposal 7: The background object link can be modelled by using the same method as the sensing target link or based on the model in TR 38.901. 

Modelling of TX-RX direct link
For TRP-TRP bi-static and UE-UE bi-static sensing mode, there will be a direct link from Tx node to Rx node, e.g., TRP to TRP or UE to UE. However, there is neither large scale fading, nor small scale fading for link from TRP to TRP or from UE to UE in TR 38.901. The link is very important in the overall ISAC channel modeling and there is a need to have a realistic model for this link. The following are some initial considerations:
· Pathloss and LOS/NLOS probability for UE-UE:  Reuse the corresponding parameter in TR 37.885 [5] 
· Pathloss and LOS/NLOS probability for TRP-TRP:
· For InF, based on actual InF-SH/DH/SL/DL calculation. 
· For LOS/NLOS probability of UMa, UMi  and RMa,  two methods can be considered:
· Based on the LOS calculation method for TRP-UE in TR 38.901, and replace UE’s parameters with TRP’s.
· Based on the LOS probability defined in TR 37.885, and replace UE’s parameters with TRP’s.  
· Small scale fading for TRP-TRP: Reuse corresponding models for TRP-UE in TR 38.901
· Small scale fading for UE-UE: Consider corresponding models in TR 37.885[5] as a starting point.

Proposal 8: Modeling of TRP-TRP and UE-UE direct links need to be considered.

Spatial consistency
In the process of channel generation, many channel parameters are determined by generating random values that conform to a certain distribution. This can result in significant differences in the channel parameters of two terminals that are in close proximity, leading to a lack of spatial correlation. Additionally, considering the movement of sensing targets and terminals in the network, if channel parameters are independently and randomly generated after movement, this could lead to drastic changes in the channel parameters before and after the movement. This may affect the subsequent sensing performance of the sensing targets based on these channel parameters. To avoid such scenarios, it is essential to ensure spatial consistency in the channel generation process.
A spatial consistency procedure is defined in TR 38.901, where random variables are generated in various channel generation steps, so that they are spatially consistent for drop-based simulations. The procedure can be considered as a 2D random process (in the horizontal plane) given the target locations based on the parameter-specific correlation distance values for spatial consistency. Furthermore, due to the varying nature of parameters, such as whether a user is indoors or the indoor distance, which is only related to the user's position and not to the base station's location, the channel's large-scale and small-scale parameters are related not only to the user's position but also to the base station's location. This distinction in parameters defines different types of correlations. For parameters like cluster delay and cluster power, which are related to the link, they are determined to have site-level correlation. This means for these parameters, when generating sectors within a site and the users in the network, the spatial consistency of these link channel parameters needs to be considered. However, for links between stations at different sites and users, spatial consistency is not required. Additionally, for parameters not related to the link, such as indoor distance, they are determined to have network-wide correlation. This implies that in generating these parameters, spatial consistency should be considered for all correlated. 
It is suggested that this modeling methodology should be reused for ISAC. However, unlike the channel from the base station to the user, in the modeling of the sensing channel, the impact of the sensing target must also be considered. This means that the sensing channel model includes three nodes: the sensing transmitter, the sensing target, and the sensing receiver. Applying the same parameter correlation type as site-specific, as in the base station-user channel, may not be appropriate in this context. For instance, under this configuration, it might be feasible to maintain spatial consistency in the channel from the sensing transmitter to the sensing target. However, introducing spatial consistency in the channel from the sensing target to the sensing receiver could be challenging, potentially leading to significant changes in the overall sensing channel when movement occurs. Therefore, it is suggested that site-specific correlation type should be replaced by sensing target-specific.
It is noted that existing modeling is 2D based. For the scenario involves UAV, 3D based spatial consistency model may be needed. However, as for the first step it can be assumed that UAV is confined in the same horizontal plane therefore only need to consider 2D based modeling as before.

Proposal 9: Reuse the spatial consistence model in TR 38.901 but replace site-specific correlation type with sensing target-specific correlation type.

Mobility modeling 
When the sensing transmitter, sensing receiver, or sensing target moves, if spatial consistency is not considered, the positions of the sensing transmitter, sensing receiver, or sensing target should be adjusted based on their respective speeds, directions of movement, and the time interval between each channel generation/update during each channel update. If spatial consistency is considered, the sensing target is treated as the receiver in the link from the sensing transmitter to the sensing target, and as the transmitter in the link from the sensing target to the sensing receiver. Based on the spatial consistency model, generate random initial values for cluster delay, power, and angle for both the link from the sensing transmitter to the sensing target and the link from the sensing target to the sensing receiver. For the sensing modes of TRP mono-static and TRP-to-TRP bi-static, the mobility modeling in TR 38.901 can be used. For the UE acts as sensing Tx node or Rx node, assume the UE is static as baseline. The mobility modeling can use the TR 38.901. The mobility modeling for UE moving for this scenario can be further studied.

Proposal 10: The mobility modeling method in TR 38.901 can be reused. 
Proposal 11: For the UE acts as sensing Tx node or Rx node, assume the UE is static as baseline.

Channel model calibration 
Verifying the model's effectiveness and ensuring its proper implementation are critical steps. Calibration serves as an effective means to assess how well companies comprehend and implement the established channel models.
The primary goal in developing the new channel model is to fulfill the stipulated scenarios and criteria [1]. This allows for its use in assessing the efficacy of prospective technological solutions in the following 3GPP evaluation, examining the network's performance, and determining its ability to satisfy performance standards. Hence, during the calibration process, it is essential to validate the model's proficiency and evaluate its adequacy in meeting all the specified channel model requirements. 
For a fair comparison of diverse technical solutions within 3GPP, it's crucial to establish a consistent baseline performance, even with varied implementations across different companies. As a key element in simulators, the channel model plays a vital role due to its profound influence on signal propagation traits. Consequently, conducting calibration across various companies for the developed channel model is essential for subsequent evaluations of technical performance.
The channel model is a multifaceted element within a system-level simulator, comprising various sub-components, each pertaining to distinct attributes. Consequently, it makes sense to implement calibration procedures in stages, ensuring that the integration of each sub-component is correctly verified, and the cumulative effect of the entire model is accurately assessed. Based on the previous discussion, it is natural to create three stages based on three major parts in the model: large scale fading, small scale fading and spatial consistency / mobility modeling. 

Proposal 12: Channel model calibration is needed and should be carried out in different stages.

Conclusion
In this contribution, we discuss the details related to channel modeling methodology. We have the following proposals:

Proposal 1: Considering the consistency of channel model methodology with previous 3GPP channel model which is also the starting point as indicated by the SID, also taking into account the limited availability of TU for this SI, the based stochastic channel model is preferred.
Proposal 2: The overall modeling shall re-use the existing framework in TR 38.901 and focus on enhancement for large-scale/ small scale fading modeling, RCS , spatial consistency and mobility.
Proposal 3: For pathloss fading model, equation (1) based on TR 38.901 can be used. Additional parameter changes may be needed for each of the scenarios selected.
Proposal 4: LOS/NLOS probability modeling needs to be modified according to the scenarios.
Proposal 5: RCS is modeled as single value (fixed or based on a specific probability density function) and applied to large-scale fading. 
Proposal 6: The sensing target link can be modelled in Concatenation-based way or Non-concatenation-based way. To better reflect the actual situation of the channel in the real world, Concatenation-based modelling is preferred.
Proposal 7: The background object link can be modelled by using the same method as the sensing target link or based on the model in TR 38.901. 
Proposal 8: Modeling of TRP-TRP and UE-UE direct links need to be considered.
Proposal 9: Reuse the spatial consistence model in TR 38.901 but replace site-specific correlation type with sensing target specific correlation type.
Proposal 10: The mobility modeling method in TR 38.901 can be reused. 
Proposal 11: For the UE acts as sensing Tx node or Rx node, assume the UE is static as baseline.
Proposal 12: Channel model calibration is needed and should be carried out in different stages.
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