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[bookmark: _Ref506539118]Introduction
In this document, we discuss the channel modeling aspects for Integrated Sensing and Communication (ISAC) according to the following objectives [1]:
	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:
1. 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;
1. spatial consistency.

It will be discussed at RAN#105 whether to include additional study beyond channel modelling for ISAC.


During the first meeting RAN1#116, the following were agreed regarding ISAC channel modelling aspects:
	[bookmark: _Hlk160045944]Agreement (RAN1#116, agenda 9.7.2)
The common framework for ISAC channel model is composed of a component of target channel and a component of background channel,

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

Agreement (RAN1 #116-bis, agenda 9.7.1)
RAN1 agrees the following ISAC terminology with minor modifications as follows:
For ISAC channel modelling, RAN1 uses the sensing related terminology as defined in TS22.137 or TR22.837 as a starting point for discussion purposes with the following definitions: 
1. Sensing transmitter: the TRP or a UE that sends out the sensing signal which the sensing service will use in its operation. A sensing transmitter can be located in the same or different TRP or a UE as the sensing receiver.
2. Sensing receiver: the TRP or a UE that receives the sensing signal which the sensing service will use in its operation. A sensing receiver can be located in the same or different TRP or a UE as the sensing transmitter.
3. Sensing target: target that need to be sensed by deriving characteristics of the objects within the environment from the sensing signal.
4. Background environment: background (clutter and/or environmental objects) that are not the sensing target(s).
5. Mono-static sensing: sensing where a sensing transmitter that transmits a sensing signal and a sensing receiver that receives the sensing signal are co-located in the same TRP or UE.  
6. Bi-static sensing: sensing where a sensing transmitter that transmits a sensing signal and a sensing receiver that receives the sensing signal are not co-located in the same TRP or UE. 
7. Multi-static sensing: sensing where there are multiple sensing transmitters and/or multiple sensing receivers, for a sensing target.
8. Sensing signal: Transmissions on the 3GPP radio interface that can be used for sensing purposes.


Agreement (RAN1#116-bis, agenda 9.7.2)
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 (RAN1#116-bis, agenda 9.7.2)
· 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 (RAN1#116-bis, agenda 9.7.2)
RCS of a physical object shows dependency to at least the following factors: 
· Type of the object
a. The size of the object
b. The material of the object
c. 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 (RAN1#116-bis, agenda 9.7.2)
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 
a. Applicable at least for an EO having extremely large size (referred as EO type-2 for discussion purpose) 
b. FFS modeled similar to section 7.6.8 ground reflection in TR 38.901
c. FFS EO modeling impacts the target channel and/or the background channel
· Option 2: EO is modeled same/similar as a sensing target
a. Applicable for an EO having comparable physical characteristics as a sensing target, (referred as EO type-1 for discussion purpose)
b. FFS Applicable for EO type-2
c. 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
a. 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 (RAN1#116-bis, agenda 9.7.2)
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 (RAN1#116-bis, agenda 9.7.2)
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. 
a. FFS the distribution. 
b. 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 
a. Note: Constant RCS for a target type can be a special case of Option 2
b. FFS the factor(s)
c. 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 (RAN1#116-bis, agenda 9.7.2)
· 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
a. Option 1: Experimental results
b. Option 2: Experimental results to validate a ray-tracing model, then the ray-tracing based results to validate the ISAC channel model
i. Note: the layout of the scenario used for validation is up to company choice

Agreement (RAN1#116-bis, agenda 9.7.2)
ISAC channel model for link level simulation is to be discussed after the system level channel model is sufficiently stable with basic functionalities. 


In this agenda, the channel modelling aspects for ISAC are being discussed, focusing on identifying appropriate modelling approaches assuming NR channel modeling framework from TR 38.901 [2] as a baseline. The discussion on use cases and deployment scenarios is provided in [3].
Discussion
Modelling of environmental objects
In RAN1#116-bis, the modelling of EOs was discussed. There are multiple open issues related to EO modelling, which are discussed sequentially.
Regarding the known EO location, it needs to be clarified whether the location is known (i.e., is generated) specifically to a given TX-RX propagation link, and/or it is known/generated globally for all TX-RX links in the modelled network. The latter, i.e. global coordinate generation, needs to be supported unquestioned, to provide spatial consistency support of the sensing between multiple sensing transmitters and sensing receivers.
Meanwhile, it is our understanding that link specific EO generation is also possible and valid. This would be similar to how the cluster generation currently is employed in TR 38.901 where the angles/delays are drawn from the random distribution (considering spatial consistency), but the generation would result in EO located in a specified proximity of TX and RX. The EO will produce necessary channel components for the sensing scenario, where spatial consistency among multiple TX/RX links is not of interest. Those are for example, single-cell presence detection, where sensing information on one TX/RX link is only considered (including monostatic radar cases). The possibility to generate link specific EOs may provide better stochastic stability between multiple network drops, for scenarios where spatial consistency among TX/RX links is not required.
Proposal 1
· Support generation of EO in global coordinates, so that each EO is observed by all sensing receivers in spatially consistent manner,
· Support generation of EO coordinates specifically for a given TX/RX link, when spatial consistency among multiple links is not required.
When an EO is generated in global coordinates, additional criteria to model the EO reflections/impact to a given sensing link need to be discussed to keep the modelling complexity reasonable. For example, an X dB (e.g., -40 dB) power threshold on a ray from the distant EO may be considered to decide whether a given EO is modelled for a given link.
Regarding the four options of EO modelling agreed in RAN1#116-bis, it is our understanding that both Option 1 (modelling different to the target) and Option 2 (modelled same as the target) need to be supported, aiming for different types of the objects. Option 3, as was discussed during the last meeting, is a specific realization of Option 1 or 2, which provides suggestion on the coordinate generation for EO. Option 4 (not modelled) may be applicable to some scenarios, but it is not preferred to completely ignore EO impact on the ISAC channel.
Proposal 2
· Support Option 1 and Option 2 for EO modelling.
The more important part of the discussion, is how Option 1 and 2 are realized in practice, addressing the FFS points.
Option 1:
· This option aims to introduce specific modelling of large reflective objects, such as ground, floor, ceiling, internal wall, external building wall, etc. Those may be abstracted by multiple scattering points, like the target, however, such a modelling by points may be inefficient for the objects with large plain structures.
· Essentially, Option 1 introduces reflective plain modelling in addition to the scattering point modelling. In TR 38.901, section 7.6.8, the explicit ground reflection model is described, where for LOS propagation condition, the LOS component  is formed by both the direct path and the reflected path. The reflection properties are calculated based on specular reflection model.
The plain reflection component may be defined as follows:

The related angles of arrival and departure to and from the reflection () are calculated based on coordinates of the transmitter and receiver antenna elements and the reflective plain location. The important parts of the equation are the perpendicular and parallel polarization reflection coefficients  and , which need to be defined for a given object type and object material. The equations using the conductivity and permittivity parameters defined in TR 38.901 may be used as a starting point.
Proposal 3
· In addition to scattering point modeling, introduce a reflective plain modeling, by taking the ground reflection model from TR 38.901, section 7.6.8 as a starting point.
Option 2:
· This option aims to reuse a generalized scattering point approach for modeling of EO objects, other than the ones modelled by the reflective plain. It is assumed that Option 2 details are defined along with the definition of the target channel modeling.
In our understanding, it may not be critical to decide which part of the ISAC channel includes the EO related components, the target channel or the background channel at this point.
[bookmark: _Ref166147193]RCS definition and modelling
In radar related literature [4], the RCS or  of a target is defined as the (hypothetical) area intercepting that amount of power which, when scattered equally in all directions, produces an echo at the radar equal to that from the target.

·  is the distance between radar and target,
·  is the reflected field strength at radar,
·  is the strength of incident field at target.
Based on the discussions in RAN1, the classical definition alone may not fully serve the purpose of defining the reflectivity properties of targets and environment objects. The aspect of the impact of the target on reflected ray(s) phase and polarization are as important as the power attenuation, and when considered as a whole, the total transfer function may be rather represented as a complex gain function.
In raytracing/map-based approaches [4] a propagation matrix  of the following simplified form is used:

Where  is the ratio of reflected and scattered power, and  is a polarimetric reflection coefficient defined as follows:

The coefficients  may take into account the object specific reflection/scattering characteristics impacting the polarizations and reflected power, also depending on the object orientation, i.e., the incidence and scattering angles. While the coefficient  may represent the power dimension only and may widely relate to the classical RCS definition.
Proposal 4
· RCS of a scattering point of a target is modeled by a scalar component  following the classical RCS definition multiplied by a complex-valued 2x2 polarimetric matrix .
·  and  are functions of incidence and scattering angles.
Regarding the dependency of RCS on TX-RX distance, in our understanding the classical definition is independent of the distance. This definition assumes far-field and also does not contain the polarization/phase coefficients. When a more generalized RCS definition is considered, similar to the one provided above, it needs to be further studied whether distance dependency is observed, especially given the agreement that the sensing target is assumed in far-field of sensing TX/RX.
Observation 1
· RCS in classical definition in far-field is independent of distance.
Furthermore, it was discussed how RCS is generated for a particular object, with three options listed. Option 1 assumes that a statistical distribution is defined for random value generation. For example, a normal distribution with mean  and standard deviation , where both values may be parameterized e.g., based on incidence and scattering angles. Option 2 assumes the RCS is not random, but may still depend on other parameters, such as ones listed in the other agreement (object properties, angles, orientation, etc.). Option 3 is a combination of the other two which looks also reasonable. Overall, in our understanding each option may represent reasonable RCS modeling approach for a particular case, i.e., there is no need to focus on only one of them.
Proposal 5
· Support all three options of RCS generation/modeling,
· Discuss case-by-case, which option is recommended for which target/object type in a particular scenario.
[bookmark: _Ref166147180]Target channel modelling
It was agreed that the target in ISAC channel can be modelled as single or multiple scattering points.
It is open, whether a scattering point may have multiple scattering/outcoming rays. In our understanding, a scattering point may have multiple scattering rays that is a function of the number of nodes which are connected by the scattering point, as illustrated in Figure 1. By a ‘node’ we refer to any transmitting, receiving, reflecting, scattering point considered in the model. Furthermore, complexity management conditions could be considered to limit the number of simulated rays. For example, the total number of rays and/or the path attenuation threshold may be considered to exclude a ray from modelling.


[bookmark: _Ref166145071]Figure 1. Multiple scattering rays from a single scattering point.

Proposal 6
· A scattering point has as many scattering rays as there are paths to other involved nodes,
· ISAC channel model to consider mechanisms of complexity management by a maximum number of modeled scattering rays and/or by a path attenuation threshold.
When multiple scattering points represent a target, they should be generated in such a way that no interaction is expected to be modelled between the scattering points of the same target. That is, it is assumed that there are no rays scattered from one point to another point of the same target.
Whether to model the same target by single or multiple scattering points depending on the TX-RX distance was also discussed. It is understood that after a certain distance, the spatial resolution of a sensing system to distinguish the multiple rays of the multiple scattering points may be limited. This brings an idea to introduce distance specific (and antenna aperture and bandwidth specific) conditions to model a target with single or multiple points.
This aspect needs to be carefully considered in the context of spatial and temporal consistency, so that there are no abrupt changes to the channel both between the multiple links participating in the sensing and between different coordinates of TX/target/RX on the same link.
Observation 2
· Dependency of number of scattering points on TX-RX distance and the associated spatial consistency issues relate to simulation/implementation complexity aspects which may be considered after more details of ISAC channel modeling are defined.
It was also discussed which combinations of LOS/NLOS condition between TX and target, target and RX need to be supported by the channel model.
	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


In our understanding, the channel model needs to be able to support any case including Case 4 (NLOS-NLOS). It may not be possible to envision all potential use cases and it may be fine if Case 4 is not bringing additional value to the channel accuracy for currently considered use cases. But it is important to build as future-proof as possible ISAC channel model, including support of Case 4.
The listed cases may be interpreted that the sensing channel is not only supporting the direct paths between TX/RX and the target, but also the indirect paths formed by intermediate reflections. Furthermore, it is unclear if the LOS/NLOS condition is required for characterization of the segments of the ISAC channel. At the same time, the LOS/NLOS state is still important for generation of the background channel between TX and RX.
Observation 3
· The cases of LOS/NLOS condition on TX-target-RX segments may be interpreted that the sensing channel supports both direct paths and indirect paths formed by intermediate reflections between TX/RX and target.
Another discussion in this context is related to whether the target channel may be modelled as one of the following options:
	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



While Option 1 is understood as a procedure similar to raytracing where individual segments between nodes are connected by rays and the resulting propagation is a convolution or concatenation of all segments, Option 2 seems abstracting the model to the procedure similar to the one defined for the stochastic channel model in TR 38.901, i.e., the interaction of the reflections in the clutter and the target are modelled stochastically, while only the last bounce arriving at RX is looked at.
At this point, our preference is focusing on Option 1 due to its presumably higher accuracy. Option 2 may require more discussions to understand how it can be realized. Furthermore, in our understanding, the above options may be applicable to any pair of nodes, not only TX and RX. In this case, it may be further discussed if some second-order segments may be modelled by Option 2, while the significant segments are modelled by Option 1. 
Proposal 7
· Option 1 of the target channel modeling (by concatenation/convolution) is prioritized for ISAC,
· Option 2 may be considered for second-order segments modeling.
Background stochastic channel modelling
Bistatic sensing
The environment component of the background channel is assumed to be generated by the existing procedure, potentially with the following modifications:
· RAN1 may need to discuss whether the total number of clusters characterizing a given channel propagation scenario (i.e., UMa, UMi, InH, InF, etc.)  is kept the same as agreed for the stochastic channel generation, or the quasi-deterministic clusters are added on top. In the former case, some of the environmental clusters need to be removed from the channel generation. Moreover, the concept of strong clusters, which are split into sub-clusters, may be affected/revised, given that the strong clusters in terms of power may be the quasi-deterministic ones.
· The stochastic cluster delays  and powers  may have additional scaling to align with the delays and powers generated for the quasi-deterministic clusters.
· There may be a blockage-like model or procedure which changes or excludes the departure/arrival angles when the stochastic cluster rays overlap with quasi-deterministic cluster rays.
Proposal 8
· Stochastic component for bistatic sensing case is modelled according to TR 38.901, with necessary modification considering:
· Number of stochastic clusters, taking into account the number and power of (quasi-)deterministic clusters,
· Scaling/alignment of delay and power distribution with the (quasi-)deterministic clusters,
· Ray blockage by (quasi-)deterministic clusters.
Monostatic sensing
Th current channel modeling framework of TR 38.901 does not support the monostatic scenarios, i.e. the scenarios where the TX and RX are collocated. For example, LOS and NLOS characterization is not applicable to the monostatic case – this is usually a property of propagation between two distant points. As it can be checked, by letting the propagation distance between TX and RX to be 0, the model may still generate the channel, but there are parameters which do not represent the propagation environment anymore.
At least the following issues need to be resolved to reuse TR 38.901 channel modeling framework for the environment component:
· LOS/NLOS channel characterization requires a new approach, the random drawing depending on the 2D/3D distances and heights is not applicable. It may be either fixed to one of LOS/NLOS, or some effective/virtual distance may be used.
· Pathloss may also exploit an effective distance or may be aligned with the attenuation for the quasi-deterministic clusters, for which segment-wise PL may be used, as mentioned below.
· Delay spread (DS) may require appropriate scaling for a given scenario, considering typical distances from the TX/RX node to the first and/or strongest bounce points.
· Departure and arrival TX/RX angle distributions defined separately in TR 38.901 need to collapse to the same distribution due to reciprocity. There are also some parameters which depend on the propagation distance, e.g., ZSD and ZOD mean  and  as per tables 7.5-7, 7.5-8, 7.5-9. Those parameters need to be made independent of the distances, or alternatively, they may employ effective/virtual distance values.
There may be other more radical approaches to model the environment for the monostatic case:
· It may be more accurate to consider an approach of channel generation between TX/RX and a target similar to the channel generation between TX and RX. The direct signal and echo signal in this case would be quasi-reciprocal considering the time delay to travel from TX-to-target-to-RX and RCS.
· The monostatic case may be emulated by an image of the TX/RX node about the target, so that the bistatic channel generation flow may be reused to some extent.
Observation 4
· Extension of TR 38.901 to model environment related channel for monostatic sensing requires consideration of at least the following aspects:
· LOS/NLOS channel characterization in absence of deterministic propagation distance,
· Pathloss calculation in absence of deterministic propagation distance,
· Delay spread scaling,
· Angle distribution alignment.
Conclusions
In this contribution, we discussed high-level aspects to approach ISAC channel modeling within the framework defined by TR 38.901. The following proposals are made:
Proposal 1
· Support generation of EO in global coordinates, so that each EO is observed by all sensing receivers in spatially consistent manner,
· Support generation of EO coordinates specifically for a given TX/RX link, when spatial consistency among multiple links is not required.
Proposal 2
· Support Option 1 and Option 2 for EO modelling.
Proposal 3
· In addition to scattering point modeling, introduce a reflective plain modeling, by taking the ground reflection model from TR 38.901, section 7.6.8 as a starting point.
Proposal 4
· RCS of a scattering point of a target is modeled by a scalar component  following the classical RCS definition multiplied by a complex-valued 2x2 polarimetric matrix .
·  and  are functions of incidence and scattering angles.
Observation 1
· RCS in classical definition in far-field is independent of distance.
Proposal 5
· Support all three options of RCS generation/modeling,
· Discuss case-by-case, which option is recommended for which target/object type in a particular scenario.
Proposal 6
· A scattering point has as many scattering rays as there are paths to other involved nodes,
· ISAC channel model to consider mechanisms of complexity management by a maximum number of modeled scattering rays and/or by a path attenuation threshold.
Observation 2
· Dependency of number of scattering points on TX-RX distance and the associated spatial consistency issues relate to simulation/implementation complexity aspects which may be considered after more details of ISAC channel modeling are defined.
Observation 3
· The cases of LOS/NLOS condition on TX-target-RX segments may be interpreted that the sensing channel supports both direct paths and indirect paths formed by intermediate reflections between TX/RX and target.
Proposal 7
· Option 1 of the target channel modeling (by concatenation/convolution) is prioritized for ISAC,
· Option 2 may be considered for second-order segments modeling.
Proposal 8
· Stochastic component for bistatic sensing case is modelled according to TR 38.901, with necessary modification considering:
· Number of stochastic clusters, taking into account the number and power of (quasi-)deterministic clusters,
· Scaling/alignment of delay and power distribution with the (quasi-)deterministic clusters,
· Ray blockage by (quasi-)deterministic clusters.
Observation 4
· Extension of TR 38.901 to model environment related channel for monostatic sensing requires consideration of at least the following aspects:
· LOS/NLOS channel characterization in absence of deterministic propagation distance,
· Pathloss calculation in absence of deterministic propagation distance,
· Delay spread scaling,
· Angle distribution alignment.
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Appendix – Example bistatic channel modeling for LOS-LOS case
For the specific LOS-LOS case for the target channel,   using a quasi-deterministic approach at least for bistatic case may be outlined as follows in view of Figure 3:
· Step A. In addition to setting the network layout and operating scenario, the quasi-deterministic clusters (target and significant non-target objects) are generated and given 3D locations  and directions of travel. There are in total  quasi-deterministic clusters.
· Step B. For each of the quasi-deterministic clusters, the 3D coordinates of  Point-Of-Reflections (PORs) are generated. A POR is a hypothetical point in 3D space within a quasi-deterministic cluster which represents intersection of a particular pair of arrival ray to the cluster and departure ray from the cluster. Regarding the value of , as an example, the existing stochastic channel model of TR 38.901 generates 20 rays per cluster, and so,   may be taken as starting point to consider. The POR coordinates represent the object properties in terms of size and orientation. As per the prioritized use cases, RAN1 needs to discuss representative POR distributions for vehicles, UAVs, AGVs, and humans.
· Step C. Limiting the discussion to a single bounce order for now, the distances, delays, and departure/arrival angles from the transmitter to each POR, and from each POR to the receiver are calculated from 3D locations of the transmitter, the receiver, and the POR. If the quasi-deterministic cluster is moving, the distances, delays, and angles evolve considering the 3D coordinate evolution.
· Step D. The cluster powers  are generated. The current procedure in TR 38.901 utilizes the exponential power delay profile for generation of cluster powers. However, the cluster powers for the quasi-deterministic object may need to represent its reflective properties more accurately, e.g. by utilizing RCS characterization. This part requires discussion in RAN1 on how the reflected power level should be modelled in coexistence with the environment clusters whose power delay profile follows the random distribution.
· Step E. The powers of rays  within a cluster may be either equally split  or may follow a distribution  with the total power characterized by the cluster power generated in the previous step.
· Step F. The coefficient generation steps, namely, cross-polarization power ratios (XPR) and initial phases  are generated reusing the procedures specified in TR 38.901.

High-level diagram showing modifications to the TR 38.901 procedure is illustrated in Figure 2.


[bookmark: _Ref158815146]Figure 2. ISAC channel generation diagram for bistatic case
[image: A diagram of a satellite dish
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[bookmark: _Ref163137541]Figure 3. Illustration of a target and its POR in bistatic case.
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