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Introduction
The Rel-19 study items on “Study on channel modelling for integrated sensing and communications (ISAC) for NR” is endorsed in RAN#103 [1]. The objectives for this SI are shown below:
	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 will provide our views on ISAC channel modelling based on the agreement in the RAN #116 bis meeting.
Target channel modelling 
Components of target channel 
The target channel should include all the components impacted by the sensing targets, which means that the target channel includes all the paths/links where the sensing target is involved. In the previous meeting, RAN1 agreed that the target channel is modelled as a combination of LoS component and NLoS component.
For the target channel modelling, a simple method is to only consider the single bounce between the Tx and target, and the target and Rx, i.e., the link is Tx→sensing target→Rx. This may apply to the case where the effect from the environment objects are negligible on the sensing target.
However, in most of the environments where the environment objects are near and have obvious interactions with the sensing target, considering the LoS ray-only link between the Tx/Rx and target does not reflect the actual situation, e.g., the sensing signal transmitted from Tx may bounce off one or more environmental objects/clutters before reaching the target. Likewise, the signal reflected from sensing target may bounce off one or more environmental objects/clutters before reaching the Rx. Hence, in order to reflect the actual situation, multi-bounce in NLoS multipath between target and environment target/clutter should be considered for target channel modeling. 
Proposal 1: Consider NLoS component in target channel modelling and the NLoS component could be neglected based on sensing scenario
NLoS modelling method
In order to model the NLoS multipath involving environment objects and/or clutters in the target channel, it is needed to first clarify the differences between the environment objects and clutters that may cause interference to target sensing. In the vehicle detection use case where vehicles are considered as sensing targets, one possible difference between environment objects and clutters may be that the environment objects may be considered as nearby humans that have fixed shapes and can be modelled similarly as sensing target with RCS and scattering points whereas the clutters may be considered as an aggregated interference related to the background environment which is difficult to be modelled similarly as sensing targets or EOs. 
Observation 1: environment objects may be considered as objects that have similarity as sensing targets with RCS and scattering points
Observation 2: clutters may be considered as an aggregated interference related to the background environment which is difficult to be modelled similarly as sensing targets or EOs. 
Proposal 2: RAN1 to consider modelling EOs similar or same to sensing targets 
In the previous meeting, three options for NLoS modelling are agreed to consider 1) modelled by stochastic clutters generated as in TR 38.901; 2) modelled by EO; 3) the combination of 1) and 2). 
For the first option, it can apply to the case where only clutters may need to be considered e.g., UAV detection in the airspace where clutters cloud be the clouds. For the second option, it can apply to the case where only EOs may need to be considered, e.g., UAV detection in the open sky with only EOs, e.g., birds or other flying objects. For the third option, it can apply to the case where environment objects and clutters may both need to be considered in the environment, e.g., vehicle detection in the urban environment with both environment objects e.g., buildings, and clutters e.g., other unwanted objects in the background. Hence, it seems reasonable to decide whether to include the environment object and/or clutters in the target channel modelling depending on the sensing scenarios.
Proposal 3: RAN1 to consider including the environment object and/or clutters in the target channel modelling depending on the sensing scenarios
Considering clutters in NLoS modelling, two modelling methods can be considered: 1) single link between Tx-Rx; 2) concatenated links between Tx-target and target-Rx.
For the first option, the clutters can be statistically generated based on a single link between Tx-Rx. One method is to reuse the cluster generation approach in TR 38.901. Given the stochastically nature of the clutters, the interaction between the clutters and target can be ignored, which can greatly simplify the modelling complexity for the interaction between the clutters and target/Tx/Rx.  
For the second option, the clutters can be statistically generated separately based on the Tx-target and target-Rx links. This option can reflect the fact that some clutters may not be shared between Tx-target and target-Rx links. The effect of clutters on target channel can be modelled by concatenating some or all of the paths in the two links. Considering the large number of paths in the two links, some simplification methods may be needed, e.g., considering the LoS path.
Proposal 4: RAN1 to consider modelling clutters using 38.901 cluster-based model as starting point 
Proposal 5: RAN1 to consider the concatenation of Tx-target and target-Rx links that involve the clutters for target channel modelling
Additionally, it is agreed in the last meeting that EO is non-target object with known location. Hence, the interaction between EOs and Tx/Rx need to be clarified. Fig. 1 shows the concatenation of path between Tx-target and target-Rx links. In this method, the paths involving EOs in Tx-target link and target-Rx link are concatenated. The coupling between the two links can be modelled by convolving the Tx-target and target-Rx links, which may result in numerous paths and each path may include multiple bounces. Furthermore, if a number of targets are to be modelled at the same time with the concatenation method, the number of the resultant links can be significantly large. Hence, if the concatenation method is to be adopted, it seems necessary to truncate the links so that only the significant ones are kept to reduce modelling complexity. One method is to remove the path that exceeds a maximum bounce number, e.g., three bounces. The motivation is that the sensing signal strength weakens after each bounce, so it is likely that after a couple of bounces, the sensing signal becomes undetectable or has little sensing information about the sensing target. 
Observation 3: sensing signal may become undetectable or has little sensing information about the sensing target after a certain number of bounces
In addition, depending on different sensing scenarios, the maximum bounce number may be different. For example, the maximum number may be much smaller than that that in complex environment. Therefore, it needs FFS whether one maximum bounce number is sufficient to apply to most of the cases; OR for different cases, different maximum bounce number is used. 
Provided that the maximum number of bounces is determined, the links involving target and different environment objects/clutter may have different bounce number. Whether the bounce number for each link is determined randomly or follow a distribution needs FFS. 
Proposal 6: RAN1 to study whether the maximum bounce number fits for all scenarios or different maximum bounce number is used for different scenarios
Proposal 7: RAN1 to study how to decide the bounce number for the links that involve target and different environment objects/clutter 
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Fig. 1 illustration of concatenation of path between Tx-target and target-Rx links 
LoS and NLoS conditions
The LoS state of the channel between the target and the sensing device is assumed in radar-based sensing channel modeling. This may be sufficient for assessing only sensing performance, but in order to assess integrated sensing and communication from a system perspective, an actual channel model including NLoS between the sensing target and Tx/Rx is required. This necessitates modeling the LoS probability of the target to Rx link and the Tx to target link. It is agreed in #116 bis meeting that the LoS/NLoS condition between target and Tx/Rx can be LoS or NLoS state. To model the LoS probability, the existing distance-dependent LoS/NLoS state decision probability model may be reused.
Proposal 8: existing distance-based model in TR 38.901 can be a start point to decide the LoS/NLoS state between target and Tx/Rx
For TR 38.901 channel modelling, the LoS probability is a distance-based model for different scenarios. The factors that affect the LoS conditions include the geometrical locations and heights of the environment object and Tx/Rx, which are described in the scenario layout. On top of those factors, the EOs for sensing channel modelling might also affect the LoS/NLoS condition. Two types of EOs are mentioned in #116 bis meeting, i.e., type-1 and type-2. Type-1 EO can be considered as target-like objects that have no contribution to the LoS/NLoS condition. Type-2 EO can be considered as objects with massive size such as wall-like objects that may have contribution to the LoS/NLoS condition by blocking the signal propagation between Tx-target link and target-Rx link. Fig.2 illustrates the case where a large EO, i.e., a wall blocks the LoS between the Tx and UAV 2 and Car 2. It needs further study on how to reflect type-2 EO in the calculation of LoS probability.
Observation 4: EOs with massive size for sensing channel modelling may contribute to the LoS/NLoS condition which may need to be reflected in the distance-based LoS probability model in TR 38.901
Three options can be considered to consider type-2 EO in the LoS probability calculation. 
Option #1: preclude type-2 EOs in the LoS probability calculation. Since most of the objects with massive size are likely to be part of the buildings or houses, type-2 EOs can be considered as one of the components in the scenario layout; therefore, the effect of those objects on LoS/NLoS condition can be reflected in the distance-based model in TR 38.901. In this way, the TR 38.901 LoS probability model can be reused with a small modification to replace the TU with sensing target. 
Proposal 9: if type-2 EO is considered as one of the components in the scenario layout, reuse the existing LoS probability scheme in TR 38.901 and apply it to target and Tx/Rx links respectively
Option #2: restrict the areas or locations where type-2 EOs are dropped to avoid the effect on LoS probability. One method is to drop EOs based on the LoS/NLoS conditions determined by the distance-based model in TR 38.901 to make sure that the EOs do not affect the LoS probability between target and Tx/Rx. For example, the areas or locations that have no effect on the LoS/NLoS can be found considering the scenario layout and geometrical locations of targets. Then the EOs are only allowed to be dropped in those areas or locations. 
Proposal 10: to avoid the effect on LoS probability, type-2 EO can be dropped in the restricted areas or locations
Option #3: consider the geometrical locations of EOs in the LoS probability calculation. To reflect the effect of EOs on LoS and NLoS conditions, one method is to revise the distance-based LoS probability formula each time a new EO that may affect the LoS/NLoS condition is dropped. Obviously, with a large number of EOs, this method could be very complicated considering all the EOs in order to determine the LoS/NLoS condition. One simplified method is that to predetermine the distance-based LoS probability formula considering only specific areas. Hence, for each scenario layout, specific areas can be predetermined for the EO’s dropping. The LoS probability formula considering EOs can be optionally activated if any EOs that fit the size or height requirements are dropped in these areas. The corresponding LoS probability formula considering EOs needs further study. 
Proposal 11: if EOs is considered in the LoS probability calculation, simplify the calculation by predetermining the LoS probability formula considering EOs in specific areas
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Fig. 2 illustration of EO affecting the LoS/NLoS conditions between Tx/Rx and target 
Interaction between different targets
The sensing signal from Tx is likely to bounce between multiple targets before it arrives at Rx. The interaction between different targets is similar to that between target and environment objects/clutter, where both interactions involve the sensing target. Despite the similarities, the environment object and sensing target may have different modelling method, e.g., RCS modelling, velocity etc. Those differences may lead to different modelling approaches for target-background and target-target interactions. However, if the differences are insignificant, the approach for modelling the interaction between target and environment objects could be reused for the interaction between different targets. 
Proposal 12: RAN1 to study what the key differences between target and environment objects are and then decide whether it requires different channel modelling for the interaction between different targets 
From Rx point of view, either Tx-target1-target2-Rx link or Tx-environment object-target-Rx is equivalent to Tx-virtual target-Rx link (as shown in the blue/red dotted line in Fig. 3), where the virtual target is located at a different location from the original target. The distance between the virtual target and the real target may depend on the number of bounces and relative distance between the sensing target 1 and 2. Given the Rx has no prior knowledge on the sensing target, it is difficult for Rx to differentiate whether the target is a real sensing target or virtual target based on the target channel information. 


Fig. 3 illustration of target, virtual target and environment object 
Observation 5: NLoS multipath may cause target ambiguity to Rx, e.g., virtual target may be introduced by the multipath channel modelling 
Proposal 13: RAN1 to study the impact of the virtual target introduced by the NLoS multipath channel modelling 
Communication and sensing channel 
Regarding the channel modelling for sensing and communication, the characteristics of the sensing channel could be different from the communication channel. The channel model defined in TR 38.901 is exclusively for the communication evaluation purposes. The clusters generated from the model are only evaluated as the interference to the communication and cannot be considered as the sensing target due to their randomness. Hence, the current communication channel cannot directly used for sensing purposes. 
The introduction of sensing targets, environment objects and/or clutters for the feature of sensing may have impact on the existing communication channel. However, in order to build a common modelling framework capable of detecting and/or tracking, as stated in the objective of this SI, it is of interest to focus on the modelling for sensing channel first.  Moreover, it is not yet clear as what necessary sensing-related modelling is needed for the sensing channel to support certain use case, e.g., sensing target detection and/or tracking. Hence, in the early stage, it seems reasonable to first build an independent sensing channel model without the coupling effect from the communication channel. In this way, the key characteristics related to sensing channel modelling, e.g., the sensing target and background environment modelling, sensing target mobility, spatial consistency, may be clarified more easily for the effective evaluation of the sensing performance than joint channel modelling for sensing and communication. 
Observation 6: The introduction of sensing targets environment objects and/or clutters may have impact on the existing communication channel. 
Proposal 14: RAN1 to focus on the channel modelling for sensing first, then evaluate the impact of the modelled channel on the communication performance 
Background channel modelling
Background channel 
In the previous meeting, RAN1 agreed that the common framework for ISAC channel model is composed of a component of target channel and a component of background channel. For background channel, it includes other components not belonging to target channel, which means that the background channel includes all the paths/links where the sensing target is not involved. 
In actual environment, the background objects can be the scatters existing in the environment, e.g., ground, building, trees etc. that cause interference to the detection of sensing targets. The interference or unwanted signals introduced by those scatters can also be modelled as environment objects or clutters. Since the scatters are strongly correlated with the sensing environment, the distribution of scatters varies for different sensing environment. For example, for UAV-related scenario where the sensing environment is mostly in the open high-altitude environment, the scatters are weak. However, in urban or indoor scenario, the scatters may have strong power and varying distributions due to the complex environment. 
With regard to the background channel modelling, three options are available. 
· Option #1. Environment object only 
· Option #2. Clutter only
· Option #3. Environment object + clutter 
· Option #4. Condition based Option #1/Option #2/Option #3 depending on sensing scenario and/or sensing modes and/or frequency range
For Option #1, the background channel only involves environment objects. This option may apply to the case where the influence of clutter is negligible. For example, for the UAV detection use case, the environment object could be high buildings in the fly path of UAVs. 
For Option #2, it may apply to the case where the there are no environment objects other than sensing target and clutter. For example, the sensing target can be boats that float on the sea where the sea could be considered as clutter. 
For Option #3, it may apply to the cases where both the environment objects and clutter may have non-negligible impact on the sensing target. For example, the sensing targets can be vehicles that move on the road where the nearby buildings or street lamp can be considered as environment objects and the road ground can be considered as clutter. 
For Option #4, since the three options (#1~#3) may have their limited applications, It may need further study whether to apply the options accordingly to the situation or have one option to apply to all the situations. For example, different options (#1~#3) may be preferred for different cases depending on sensing scenario and/or sensing modes and/or frequency range.
Proposal 15: RAN1 to study the following options for background channel modelling: 
Option #1. Environment object only 
Option #2. Clutter only
Option #3. Environment object + clutter
Option #4. Condition based Option #1/Option #2/Option #3 depending on  sensing scenario and/or sensing modes and/or frequency range
Modelling method
To model the background environment, three methods can be considered. 
Alt.1. use TR 38.901 channel model to generate the related parameters for channel (between Tx and Rx) and based on these parameters (angle, timing delay etc.) to derive the environment object position
Alt.2. preset positions/number/RCS/mobility of environment objects
Alt.3. use the statistical clutter models, e.g., sea, ground, tree clutter statistical models commonly used in Radar field
For Alt.1, considering that the channel model in TR 38.901 includes statistical characteristics of multipath, to some extent, reflect environmental characteristics, it may seem possible to consider modelling the background environment using reflection clusters from communication channel models. The spatial position of scattering clusters in the environment is modelled based on the clusters in TR 38.901 channel model. To determine the spatial position of the generated clusters, one of the methods is to calculate the positions based on the small scale parameters, e.g., delay, arrival angle, departure angle. However, those parameters are not enough to accurately identify the spatial positions of the clusters. For example, the departure angle information and arrival angle information of CDL channels only describe the angles of the first and last reflections, which cannot be used to uniquely identify the cluster’s spatial position, e.g., multiple possible spatial positions for a single cluster may be calculated. 
Observation 7: The identified clusters derived from\the channel model in TR 38.901 is hard to be justified in terms of the positions and scattering characteristics
For Alt.2, the positions/number/RCS/mobility of the environment objects are preset in a deterministic way. However, the deterministic model is hard to generalize to all the scenarios and may suffer high implementation complexity, e.g., in large-coverage scenarios where large number of environment objects. Besides, the deterministic model lacks the justification and may need much effort to reach a consensus. 
Observation 8: The deterministic model for environment objects may be hard to generalize all the scenarios and may suffer high implementation complexity
One follow-up issue for using alt.2 is, once the spatial positions of the environment objects are determined, the following three options as shown in Fig. 4 may be considered for the small scale modelling. 
Option #1: Every sub-ray in a cluster can combine with each other for forward link and echo link 
Option #2: Only one sub-ray combined with one sub-ray for forward link and echo link
Option #3: Only consider LoS link between for forward link and echo link
The above three options are illustrated with the following figure where the green and blue solid line represent the sensing signal from the BS to the target, and from the BS to the environment objects, respectively, and the green and blue dotted line represent the reflected signal from the target to BS, and from the environment objects to the target, respectively. 


Fig. 4  illustration of options for modeling small scale fading of forward link and echo link
From the three options, the modeling of small-scale fading in option #1 is relatively accurate since it considers all the possible links. However, it is the most complex one among the three options. Option #2 is a simplified version of option #1 by considering only one forward link and echo link. Option #3 is the simplest one among the tree by considering only the LoS link where the echo signal from the target includes both the target information and cluster information. Sensing performance based on the three options need to be further studied.
Proposal 16: Three options for small scale modelling with different implementation complexity need to be studied considering the modelling complexity, accuracy, and sensing performance if Alt.2. with preseting positions/number/RCS/mobility of environment objects is selected
For Alt.3, since the clutters can be considered as the vector summation of echoes from the large number of scattering objects with random amplitudes and phases, it is likely to model the clutters based on statistical models, i.e., probability distribution functions. Statistic clutter models are widely used in Radar field for the evaluation of the background clutters, e.g. ground, trees, buildings, etc. They have the advantages of low complexity and good representation of the clutter effect to the sensing performance. Different distribution models may apply to different sensing environment. The choice of the statistical models may depend on the characteristics of the clutters in the sensing environment, signal operating frequency, impinging angles, etc. 
Usually there are two types of statistical models used to describe clutters. One type is amplitude distribution model e.g., Rayleigh, lognormal, Weibull, K distribution model, used to describe the characteristics of clutters in time domain, e.g., Rayleigh distribution can be used for ground, sea, and meteorological clutter. The other type is power spectrum density distribution model, e.g., Gaussian, exponential distribution model, used to describe the characteristics of clutters in frequency domain. 
Observation 9: Clutters from different sensing environment have different amplitude and power spectrum density distribution 
Proposal 17: Consider the clutter models from radar fields and study the necessary adaptive modifications for ISAC channel modelling
Some modelling aspects
RCS modelling
Compared to communication channels, sensing channel focuses more on the scattering characteristics of sensing targets. The scattering characteristics can be described with the RCS, which is an indicator of the target ability of reflecting sensing signals in the direction of the Rx signal reception. Practically, the RCS of a target may depend on various features, e.g., the frequency, polarization, and angle direction of the sensing signal, and also on the form and electrical properties of the target. 
The RCS can be reflected in the large-scale fading, e.g., the path loss calculation. In addition, the RCS can also be reflected in small-scale fading considering the non-uniform surface medium of the sensing target. The small-scale RCS modelling considers that rays with different incident/departure angles can correspond to different RCS. Since the large-scale RCS modelling significantly affect the power of the scattering echoes, the large-scale RCS should be considered as base line. To apply small-scale RCS, it needs to be balance between the modelling complexity and performance. Given the potential complexity of the small-scale RCS, one simplification method is to consider whether modelling small-scale RCS or not depending on sensing scenarios. For example, when the sensing target is far away from Tx/Rx and the size or shape of the sensing target is insignificant, then the small-scale fading can be ignored to simplify the RCS modelling.
Proposal 18: Consider RCS modelling in both small-scale and large-scale fading, and the RCS modelling in small-scale fading can be ignored when the size or shape of the sensing target is insignificant
The following three options for describing the RCS of sensing targets: 
· Option #1. Fixed value 
· Option #2. Statistical modelling 
· Option #3. Deterministic modelling 
Option #1 assumes that the RCS of a sensing target is a fixed value regardless of the frequency, polarization, angle direction of the sensing signal. For typical RCS values of sensing targets e.g., UAVs, humans, vehicles, they can be referred to the relevant research in the field of radar. A fixed RCS modelling for a sensing target has its pros and cons. Since this method does not involve complex RCS modelling, it is easy to be implemented. However, due to the simple modelling, a fixed RCS may not be accurate enough in some cases, e.g., the target with irregular reflecting surface may have drastic RCS difference with respect to the angle direction. For bistatic sensing, the angle of transmit sensing signal from Tx is likely to be different from that of the reflected signal to Rx, the different direction angles may result in different RCS of the target for Tx and Rx, which is not reflected in the fixed value method. 
Option #2 assumes that the RCS of a sensing target follows a certain statistical distribution. Comparing to the method in Alt.1, the method in Alt.3 describes a sensing target with a varying RCS due to different features, such as frequency, incident/departure angles between the Tx/Rx and sensing target etc. The feature-dependent RCS can be described by a statistical distribution with a given mean and variance that is dependent on the features, e.g., frequency, angle. In this way, it is possible to avoid the high complexity associated with explicit modeling of feature-dependent RCS. However, different type of sensing target might follow different statistical distributions, and how to converge to a unified model to cover all types of sensing targets should be further studied. 
Option #3 assumes that the RCS is deterministically modelled as a function of incident/departure angles, frequency, polarization, etc. This method can obviously obtain more accurate RCS of a sensing target than other alternative methods; however, the possible high complexity of this option may need further simplifications, e.g., consider the angles/frequency within a certain range correspond to the same RCS. 
Proposal 19: Consider RCS modelling with the following three options in both large and small scale
Option #1. Fixed value 
Option #2. Statistical modelling, FFS the statistical distribution
Option #3. Deterministic modelling depending on incident/departure angle, frequency etc.
Multiple scattering point model 
For the use case e.g., UAV detection where the size of the sensing target is usually not that significant compared to its sensing distance. In this case, the single scattering point model may be a good enough to model the scattering characteristic of the sensing target with simple implementation. However, in the case where the size of the sensing target is non-negligible, e.g., to sense a nearby vehicle, the single scattering point model may be insufficient to reflect the scattering characteristics of the sensing target. In the case, it may be necessary to consider multiple scattering point model.  In other words, depending on the size and distance of the sensing target, multiple scattering point model may bring better accuracy than single scattering model. For example, multiple point scatter may apply to the case where the sensing target is near the Tx, or the sensing target size is large. 
Observation 10: Multiple scattering point model may better reflect the scattering characteristics of the sensing target than single scattering point model when the size of the sensing target matters
The following options can be considered for multiple point scatter modelling. 
· Option #1: modeled as multiple independent point scatter
· Option #2: modelled as multiple point scatters with interaction between each other
For Option #1, it may be equivalent to multiple closely located (small) targets. Although it may be easy to implement, without dependency among the targets, the target channel related to the multiple small targets may be similar to the one related to a large target with a larger RCS. 
For Option 2, the relationship is modelled among point scatters. For example, the relative angle/position among point scatters maybe considered; or an effective RCS value may be calculated based on the RCS corresponding to the multiple scatters. When considering the relationship, the effectiveness and complexity should be taken into account. 
Proposal 20: RAN1 to study how to model the relationship among multiple point scatters under the consideration of effectiveness and complexity
Parameter’s frequency dependency
For some sensing-related parameters, they may be dependent on the frequency. Since a large frequency range, i.e., from 0.5 to 52.6 GHz is under consideration for the ISAC channel modelling, it is necessary to discuss whether the sensing-related parameters may be different for different frequency bands. For example, the scattering characteristics of targets can be different in respond to different frequency. For narrowband sensing signals, RCS can be considered as a constant value; however, for broadband sensing signals, a frequency-independent single RCS value may not be accurate enough due to the different scattering characteristics of a sensing target in response to various frequencies. To accurately model this, the frequency-dependency in the RCS modelling should be considered. In addition to the RCS, it needs further study on whether the frequency-dependency for other sensing-related parameters, e.g., large/small scale parameters, needs to be considered. 
Proposal 21: Consider the frequency-dependency of the RCS, large/small scale parameters etc. in the channel modelling
Spatial consistency
Spatial consistency is adopted in TR 38.901 channel modelling to ensure that closely spaced mobile terminals have similar channels. Without spatial consistency, the positions of individual scattering clusters are generated randomly for each new mobile terminal position. The adoption of the spatial consistency solves the problem of lack of realistic correlation in the small scale parameters.
Unlike the spatial consistency modeling in communication, for sensing channel modelling, it needs to consider the bidirectional link between sensing targets and Tx/Rx. When the sensing target or mobile terminal changes its position, the channel parameters will be updated independently and randomly, causing spatial inconsistency of sensing target. Due to the correlation between sensing performance and channel parameters of sensing targets, the spatial inconsistency sensing target will seriously affect sensing performance. To avoid this situation, it is necessary to consider the spatial consistency of bidirectional paths in the modeling of sensing channel. For example, modeling the spatial consistency for sensing channel as two parts: the Tx to sensing target link and the sensing target to Rx link. When Tx/Rx in the network establishes link with a sensing target, the parameters of these links, e.g., small-scale parameters, should be updated with spatial consistency. Considering the movement of Tx/Rx and sensing target, the modelling could be complicated for satisfying the spatial consistency for both links. Hence, modeling the spatial consistency for the case where Tx/Rx are stationary and sensing target is mobile, e.g., BS-based monostatic sensing, can be focused first. 
Observation 11: the movement of the sensing target and Tx/Rx can cause drastic changes in the sensing parameters, which may have serious impact on sensing performance
Proposal 22: Consider the spatial consistency modelling for the stationary Tx/Rx and moving sensing target first, then optionally for some cases, e.g., mobile Tx/Rx and moving target
Validation of channel modelling
With the derived ISAC channel model, the main issue is the validation of the model. It is worth noting that the validation of the channel modelling method is meant to prove whether such method is suitable and can accurately be used for evaluating the sensing methods/performance in specific scenarios, e.g., sensing target detection and/or tracking. In addition, the validation may also need to evaluate the effectiveness of the channel model for both communication and sensing simultaneously, e.g., in joint modelling of sensing and communication. Moreover, considering the various sensing modes and deployment scenarios, it may require a heavy workload for the validation of all the possible combinations. 
Observation 12: Considering the various sensing modes and deployment scenarios, the validation of all the possible combinations may require a heavy workload
For the validation of channel modelling, three methods can be considered.
· Alt.1. Real-world measurement
· Alt.2. Ray-tracing 
· Alt.3. Hybrid
For Alt.1, it collects the real-world measurement for the validation purposes. However, the large number of measurement points for the validation may require significant amount of time and effort. Whether RAN1 can ensure that the companies have sufficient measurement results for all frequency bands of interest is a question.
For Alt.2, it relies on the ray-tracing method to generate the measurement points for the validation purposes. However, whether the ray tracing method can ensure that the generated measurement points have the same distribution properties as the real-environment is a question. In addition, creating a map data that captures all the details, e.g., material reflection and scattering, cluster features, macroscopic and indoor geometric shapes, is also a challenge.
For Alt.3, as a hybrid method of Alt.1 and Alt.2, it uses both the ray-tracing method for the environment reconstruction and the real-world measurement for the selected points of interests. This method requires less workload than Alt.1 and has higher reliability than Alt.2. 
Proposal 23: RAN1 to study how to validate ISAC channel, e.g., real-world measurement, ray tracing, hybrid method
Conclusion
This contribution discusses the ISAC channel modelling including the framework, target and background environment modelling, spatial consistency and validation of channel modelling. The observations and proposals are summarized as follows: 
Proposal 1: Consider NLoS component in target channel modelling and the NLoS component could be neglected based on sensing scenario
Observation 1: environment objects may be considered as objects that have similarity as sensing targets with RCS and scattering points
Observation 2: clutters may be considered as an aggregated interference related to the background environment which is difficult to be modelled similarly as sensing targets or EOs. 
Proposal 2: RAN1 to consider modelling EOs similar or same to sensing targets 
Proposal 3: RAN1 to consider including the environment object and/or clutters in the target channel modelling depending on the sensing scenarios
Proposal 4: RAN1 to consider modelling clutters using 38.901 cluster-based model as starting point 
Proposal 5: RAN1 to consider the concatenation of Tx-target and target-Rx links that involve the clutters for target channel modelling
Observation 3: sensing signal may become undetectable or has little sensing information about the sensing target after a certain number of bounces
Proposal 6: RAN1 to study whether the maximum bounce number fits for all scenarios or different maximum bounce number is used for different scenarios
Proposal 7: RAN1 to study how to decide the bounce number for the links that involve target and different environment objects/clutter 
Proposal 8: existing distance-based model in TR 38.901 can be a start point to decide the LoS/NLoS state between target and Tx/Rx
Observation 4: EOs with massive size for sensing channel modelling may contribute to the LoS/NLoS condition which may need to be reflected in the distance-based LoS probability model in TR 38.901
Proposal 9: if type-2 EO is considered as one of the components in the scenario layout, reuse the existing LoS probability scheme in TR 38.901 and apply it to target and Tx/Rx links respectively
Proposal 10: to avoid the effect on LoS probability, type-2 EO can be dropped in the restricted areas or locations
Proposal 11: if EOs is considered in the LoS probability calculation, simplify the calculation by predetermining the LoS probability formula considering EOs in specific areas
Proposal 12: RAN1 to study what the key differences between target and environment objects are and then decide whether it requires different channel modelling for the interaction between different targets 
Observation 5: NLoS multipath may cause target ambiguity to Rx, e.g., virtual target may be introduced by the multipath channel modelling 
Proposal 13: RAN1 to study the impact of the virtual target introduced by the NLoS multipath channel modelling 
Observation 6: The introduction of sensing targets environment objects and/or clutters may have impact on the existing communication channel. 
Proposal 14: RAN1 to focus on the channel modelling for sensing first, then evaluate the impact of the modelled channel on the communication performance 
Proposal 15: RAN1 to study the following options for background channel modelling: 
Option #1. Environment object only 
Option #2. Clutter only
Option #3. Environment object + clutter
Option #4. Condition based Option #1/Option #2/Option #3 depending on  sensing scenario and/or sensing modes and/or frequency range
Observation 7: The identified clusters derived from\the channel model in TR 38.901 is hard to be justified in terms of the positions and scattering characteristics
Observation 8: The deterministic model for environment objects may be hard to generalize all the scenarios and may suffer high implementation complexity
Proposal 16: Three options for small scale modelling with different implementation complexity need to be studied considering the modelling complexity, accuracy, and sensing performance if Alt.2. with preseting positions/number/RCS/mobility of environment objects is selected
Observation 9: Clutters from different sensing environment have different amplitude and power spectrum density distribution 
Proposal 17: Consider the clutter models from radar fields and study the necessary adaptive modifications for ISAC channel modelling
Proposal 18: Consider RCS modelling in both small-scale and large-scale fading, and the RCS modelling in small-scale fading can be ignored when the size or shape of the sensing target is insignificant
Proposal 19: Consider RCS modelling with the following three options in both large and small scale
Option #1. Fixed value 
Option #2. Statistical modelling, FFS the statistical distribution
Option #3. Deterministic modelling depending on incident/departure angle, frequency etc.
Observation 10: Multiple scattering point model may better reflect the scattering characteristics of the sensing target than single scattering point model when the size of the sensing target matters
Proposal 20: RAN1 to study how to model the relationship among multiple point scatters under the consideration of effectiveness and complexity
Proposal 21: Consider the frequency-dependency of the RCS, large/small scale parameters etc. in the channel modelling
Observation 11: the movement of the sensing target and Tx/Rx can cause drastic changes in the sensing parameters, which may have serious impact on sensing performance
Proposal 22: Consider the spatial consistency modelling for the stationary Tx/Rx and moving sensing target first, then optionally for some cases, e.g., mobile Tx/Rx and moving target
Observation 12: Considering the various sensing modes and deployment scenarios, the validation of all the possible combinations may require a heavy workload
Proposal 23: RAN1 to study how to validate ISAC channel, e.g., real-world measurement, ray tracing, hybrid method
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Agreement on previous meetings
	RAN1#116

	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 HISAC can be revised later if needed


	RAN1#116 bis

	Agreement
The following cases of radio propagation in the target channel are considered for the study

	Case
	Tx-target 
	Target-Rx 

	1
	LOS condition
	LOS condition

	2
	LOS condition
	NLOS condition

	3
	NLOS condition
	LOS condition

	4
	NLOS condition
	NLOS condition



· Case 1/2/3/4 can be considered for bistatic sensing mode
· At least Case 1/4 can be considered for monostatic sensing mode
· Note: It doesn’t imply the channel response for each link is separately generated then concatenated
· FFS how to determine LOS condition and NLOS condition, e.g., based on LOS probability, or determined based on geometrical locations of environment object (EO).
· In LOS condition, line of sight ray(s) are present between Tx/Rx and target, and there may or may not exist non-line of sight ray(s) between Tx/Rx and target too
· In NLOS condition, there only exist non-line of sight ray(s) between Tx/Rx and target


Agreement
· In the target channel between Tx and Rx, scattering of a sensing target can be modelled as single scattering point or multiple scattering points 
· FFS one or multiple incoming/output rays corresponding to a scattering point
· FFS how to select single or multiple scattering points for the target, e.g. depending on the distance between target and Tx/Rx, size/shape of target, etc.
· Note: the sensing target can be assumed in far field of sensing Tx/Rx.
· FFS details to model the single or multiple scattering points
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
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

Agreement
The following options are considered for further study to model the target channel for a target
· Option 1: modelled by concatenation of path(s) from Tx to target and from target to Rx
· Option 2: modelled by Tx-to-Rx path(s) satisfying Tx-target-Rx geometry
· Option 3: combination of Option 1 and Option 2

Agreement
If a target is modelled with single scattering point, the following options to model RCS of the target are considered for further study. 
· Option 1: Random RCS value generated by a statistical distribution, depending on the factor(s) having impacts on the RCS modelling. 
· FFS the distribution. 
· FFS the factor(s) 
· Option 2: Deterministic RCS value is defined by a function and/or a table, depending on the factor(s) having impacts on the RCS modelling 
· Note: Constant RCS for a target type can be a special case of Option 2
· FFS the factor(s)
· FFS details of function and/or table
· Option 3: combination of Option 1 & 2, e.g., RCS value is generated by combining a deterministic component and a randomly generated component.
· FFS application of each option to large scale fading and/or small scale fading
· FFS target with multiple scattering points

Agreement
· Interested companies are encouraged to submit validation results together with their proposal for ISAC channel modeling
· Up to each company to select the way for validation
· Option 1: Experimental results
· Option 2: Experimental results to validate a ray-tracing model, then the ray-tracing based results to validate the ISAC channel model
· Note: the layout of the scenario used for validation is up to company choice

Agreement
ISAC channel model for link level simulation is to be discussed after the system level channel model is sufficiently stable with basic functionalities. 
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