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1. Introduction
A new SID: “Study on Integrated Sensing and Communication (ISAC) for NR” is defined in [1]. It aims at defining channel modelling details for sensing using 38.901 (if applicable to the selected use cases) as a starting point, and considering 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; and b) spatial consistency.

The purpose of this document is to list options of available channel model frameworks, to discuss necessary features of ISAC channel models, and to discuss the suitability of different modelling frameworks for ISAC evaluations.

2. Channel Model Framework Options
Channel models can be categorized in many ways based on their characteristics. One possible categorization is as follows:

1) Deterministic/site-specific,
2) geometry based stochastic,
3) hybrid of deterministic and stochastic,
and 4) stored measurement data.

The SID states “Define channel modelling details for sensing using 38.901 (if applicable to the selected use cases) as a starting point...” thus prioritizing geometry based stochastic models (GSCM) but without precluding any other option.

Among the listed options, the fourth option of measuring propagation data, estimating propagation paths and using the result as a channel model is too limited for 3GPP consideration. The other three are briefly discussed in the following sub-sections.

2.1. Deterministic Approach

Deterministic site-specific channel models, sometimes called ray tracing models, contain description of the propagation environment including its geometry and material properties. These models support the determination of channels between various transceiver locations keeping the full spatial consistency. The deterministic channel modelling approach inherently supports the electromagnetic propagation effects for the geometrical description of the physical environment. Also, the consistency between communication and sensing channels and their spatial-temporal evolution is guaranteed. Static or moving objects with different characteristics can be specified and channel coefficients between them and transceiver antennas can be calculated. Traditionally, radar cross-section of objects is not included in ray tracing channel models, however, it should be straightforward to include it along with moving objects and possible micro-Doppler.

The downside of a deterministic modelling approach for 3GPP ISAC evaluations is evident. Not only the computational complexity but also the complexity of model description is high. One aim of standardized channel models is that different parties can implement them and obtain statistically the same outputs.  It is a challenging task to describe all steps of path discovery and calculation of electro-magnetic coefficients with sufficient mathematical precisions in a technical report. Map-based model of the European METIS project [2] is one such example. Another major challenge is the description of physical environments, which should be also specified together with the model steps. An example of such description is in METIS reports [3] and [2] where simplified outdoor and indoor layouts are specified, e.g., for a part of the urban city centre (Madrid) for approximately 400×400 m2 area. Site-specific models can be claimed to lack the generality needed for producing large data sets and numerous channel realizations for various simulation needs. However, this drawback can be mitigated by specifying large enough layouts and drawing transceiver locations randomly, or even by generating random layouts.

Observation 1: Specifying an unambiguous description of a deterministic channel model that supports fast generation of channel transfer functions might be a very challenging task.

2.2. Geometry Based Stochastic Approach

Channel models specified in TR 38.901 [4] follow the geometry based stochastic principle. It defines the propagation environments by their category, e.g., indoor office or urban street-canyon. Furthermore, the propagation parameter like arrival/departure angles are drawn randomly or taken from tabulated values (CDL/TDL), and antennas are specified by array geometries and radiation patterns. Layouts of any environments are not specified. Hence the models in [4] do not support the continuous motion of transceivers or objects and inevitably any mapping of environments is not enabled. However, the description of models is relatively simple, and the same modelling framework has been used both in 3GPP and ITU-R for many years.

It is possible to extend stochastic models by defining deterministic static or moving objects, their trajectories, and electro-magnetic properties, such as RCS. Moreover, an extension of moving transceivers can be specified simply by defining (random or tabulated) model parameters for waypoints along a trajectory and linearly interpolating parameters between the waypoints. Though the precision and consistency of deterministic models cannot be equated with geometry based stochastic modelling approach they still can be elaborated to support for most critical features required from ISAC channel models.
	
Observation 2: GSCMs can be extended to support many features that are important for an ISAC channel model by adding deterministic components into them.

2.3. Hybrid of Deterministic and Stochastic Approach

A hybrid channel model where multipath channel parameters are partially site-specific deterministic and partially drawn randomly is defined in Chapter 8 of [4]. Slightly different hybrid model is described in METIS report [2] where the environment is specified for site-specific calculations but only random objects performing scattering and shadowing are drawn randomly to populate the environment. The main benefit of hybrid models is that the stochastic component makes them slightly less site-specific and more general. However, this does not make model descriptions any less complex and the same drawback of deterministic models applies here as well. Adding random clusters on top of deterministic ones might not be very useful for ISAC evaluations. Instead adding random objects may be beneficial.

It can be noted, that including simple objects and their trajectories on top of a geometry based stochastic model (as discussed in 2.2) makes a hybrid model.

2.3.1. Interpolation-Based Hybrid Approach

Another option in the category of hybrid models, i.e., of combining deterministic and stochastic modelling is as follows. Use a site-specific channel model to determine multipath parameters for a pre-defined scenario, e.g., an urban street layout with different transceiver locations and moving target objects. Parameters are determined for a limited set of waypoints that sample the transceiver or object trajectories. These parameters are transformed to the same format as in CDL model tables in [4]. Then they are linearly interpolated between waypoints as specified, e.g., in the CTIA specification [5] or the related publication [6], to compose as dynamic channel model. Finally, the mathematical formulas defined in [4] can be used to generate outputs of the model. This kind of hybrid framework would be unambiguous if a small number of scenarios with corresponding parameter tables are determined and specified in the coming 3GPP ISAC channel model report (similar as current CDL models in TR 38.901).

Observation 3: Many channel modelling approaches can be considered for ISAC evaluations.

3. Channel Model Features
Extending traditional point-to-point or point-to-multipoint communication channel models to support for ISAC requires some new feature to be introduced. For example, the radio channel of a mono-static sensing use case for detecting objects and their motion has quite different characteristics than traditional communications. In this section, some new channel model components or features needed for ISAC evaluations are discussed.




The following features are potentially needed for many ISAC use cases:
1. Modelling RCS of the target objects for determining back- and forward-scattered power.
2. Micro-Doppler for identification of various objects (caused e.g. by blades of UAV or motion of human body parts).
3. Mobility, i.e., time-variant location and speed of objects to be detected and tracked.
4. Mobility of transceivers.
5. Motion patterns of human body parts.
6. Environment mapping, i.e., geometrical description of the radio environment.
7. Consistency between sensing and communication channels.

Important ISAC channel model features and their inclusion in different channel model frameworks are summarized in Table 1. The table indicates whether a certain feature is already supported by a channel model framework or if it can be specified and included with a reasonable effort. From the table we can infer that different channel model frameworks are possibly required to support the evaluation of different use cases.

Observation 4: Different channel model frameworks might be needed for different use cases.

[bookmark: _Ref158800821]Table 1. Definition of which channel model features are or can be included in different channel model categories.
	
	Deterministic / Site-specific
	Geometry based Stochastic
	Hybrid

	RCS modelling
	can be included
	can be included
	can be included

	Micro-Doppler
	can be included (*)
	can be included (*)
	can be included (*)

	Mobility of objects
	yes
	can be included
	yes

	Mobility of transceivers
	yes
	can be included
	yes

	Environment (layout) model
	yes
	no
	yes

	Motion patterns of human body parts
	can be included
	can be included
	can be included

	Consistency between sensing and communication channels
	yes
	no (**)
(can be approximated)
	yes


(*) Simple Micro-Doppler can be added by specifying one or a few scattering points with time variant frequency shift.
(**) For example, some clusters can be defined common and some separate for the sensing and communication channels. This may be determined randomly, where the ratio of common and separate clusters can be extracted from channel characterization activities like measurements.

Certain ISAC use case categories and their required channel model extensions are summarized in Table 2. The evaluation of different ISAC use cases will require different features to be supported by the corresponding channel model. An important task in this study item is to prioritize the use cases to be supported and to identify crucial channel model features that must be specified and included in the future ISAC channel model. We can observe that different use cases or use case categories may set different requirements for the channel model.

Observation 5: Different use cases set different requirements for the channel model.

[bookmark: _Ref158800833]Table 2. Definition of which channel model features are crucial for different ISAC use case categories.
	
	Object detection & tracking
	Object identification
	Environment mapping
	Human activity detection and identification

	RCS modelling
	yes
	yes
	no
	maybe

	Micro-Doppler
	maybe
	maybe (**)
	no
	yes

	Mobility of objects
	yes
	yes
	no
	maybe

	Mobility of transceivers
	maybe
	no
	maybe
	no

	Environment (layout) model
	no
	no
	yes
	no

	Motion patterns of human body parts
	no
	maybe
	no
	yes

	Consistency of sensing and communication channels
	no
	no
	no
	no


(**) This depends on the object. E.g., UAVs may be identified based on their Doppler signature at FR2 higher frequencies.


4. Conclusion
This document introduced channel model framework options and discussed model features for the future ISAC channel model.

Observation 1: Specifying an unambiguous description of a deterministic channel model that supports fast generation of channel transfer functions might be a very challenging task.
Observation 2: GSCMs can be extended to support many features that are important for an ISAC channel model by adding deterministic components into them.
Observation 3: Many channel modelling approaches can be considered for ISAC evaluations.
Observation 4: Different channel model frameworks might be needed for different use cases.
Observation 5: Different use cases set different requirements for the channel model.

Proposal 1: Choose the channel modelling framework for each use case among the deterministic, geometry based stochastic, hybrid of deterministic and stochastic, or interpolation-based hybrid approach.
Proposal 2: Identify and specify required model extensions for the selected channel modelling frameworks for each use case.
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