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Background:
3GPP SA1 recently conducted a feasibility study on Integrated Sensing and Communication (ISAC) [1]. This study identified and consolidated the KPIs for different use cases and outlined potential requirements [2]. The subsequent Rel. 19 Workshop and RAN #101 revealed strong interest in ISAC, including channel modelling, from various companies. Following RAN #101, the RAN chair's guidance for Rel. 19 [3] included ISAC as a potential RAN-1-led topic.
After the discussions in RAN #101, the following summary was presented by the moderator [4].
	Regarding ISAC, the following way forward seems agreeable:
1. If not already done in SID, a RAN-led study objective to select a small number of ISAC use cases from TR22.837, and to identify appropriate corresponding information needed for point 2 below, i.e. scenarios, frequency ranges and sensing modes. 
2. A RAN1-led study objective to define channel modelling details for sensing using 38.901 (if applicable to the selected use cases) as a starting point, and taking into account relevant measurements, including:
a. modelling of sensing targets, including, for example (if needed by the selected use cases), radar cross-section (RCS), mobility and clutter/scattering patterns;
b. spatial consistency. 
This objective to start after completion of the first (RAN-led) objective if not already done in SID. 



In this contribution, we discuss the scope of the channel modelling study including the use cases selection.
Use cases selection for channel modelling study
Scope of sensing channel model study:
The scope of the ISAC use cases defined in [1] is wide. They encompass various categories, including object detection and tracking, environment monitoring and motion monitoring. They consider a variety of sensing targets such as humans, animals, UAVs, along with different sensing modes including monostatic and bistatic modes based on UL or DL gNB/UE transmissions and receptions. They also correspond to different frequency ranges including FR1 and FR2, and service areas including indoor and outdoor. Additionally, different use cases have different requirements, and belong to different sensing categories [2], labelled from category 1 to 8, based on their requirements.
As discussed in the moderator summary, the work preceding the channel modelling study is expected to involve the scope definition by narrowing down the focus to a subset of ISAC use cases. Considering the scope of ISAC use cases, it would be challenging for RAN 1 to address all the related aspects for channel modelling within the estimated allocation of TUs indicated in [3]. Hence it is essential to identify the use cases such that they meet the following criteria:
1. The scope of the ISAC channel model should be sufficiently narrow to allow RAN 1 to develop a working model with a managed complexity within the allocated time.
2. The channel model study should encompass enough ISAC components to be generic and applicable to a broad range of use cases of interest to different interested parties.
Observation 1: The scope of sensing channel model considering different aspects in the use cases can be wide and challenging for RAN 1 to address.
Proposal 1: Identify a subset of ISAC use cases to narrow down the scope of channel modelling study.

Sensing categories:
Among the three primary scenario categories for sensing [2] – object detection and tracking, environment monitoring, and motion monitoring – object detection and tracking presents a promising subset of use cases for channel modelling studies.
This category has gained significant interest from various companies, likely due to its safety-critical applications, including intruder/animal/UAV detection and assistance for driving. Additionally, certain use cases within this category [1], such as intruder detection, have comparatively low requirements making it suitable to be considered as a starting point for channel modelling.
The use cases in this category can be further divided into detection and tracking. The tracking use cases require additional effort, such as implementing the spatial and/or the temporal consistency to support the mobility of the UE and/or the objects.
Observation 2: Supporting tracking in the channel model requires additional modelling efforts including support for spatial and/or temporal consistency for the UE/object mobility.
In contrast, many environment and motion monitoring use cases are less suitable to be considered as starting points for channel modelling due to their high requirements. The use cases depend on exploiting the channel fluctuations which require high resolution measurements, such as micro-doppler measurements for sleep monitoring and high-frequency rain attenuation for rainfall monitoring [1].
Sensing modes:
The use cases corresponding to the DL and UL gNB-UE bistatic sensing should be considered for the channel modelling study.
As discussed in our previous contribution [5], the gNB-UE bistatic sensing mode aligns seamlessly with the existing 3GPP channel model defined in TR 38.901. Since the current channel model is also based on the gNB-UE architecture, minimal additional modelling and measurements efforts would be required for the sensing mode. This would allow RAN 1 to concentrate solely on the sensing specific enhancements for existing channel models.
Sensing targets:
Considering the potentially intricate nature of sensing target modelling, is it essential to limit the subset of use cases considering the sensing objects.
The use cases in [1] consider various objects as sensing targets including humans, animals, UAVs, vehicles, etc. Accurately modelling the sensing channel depends on accurately modelling the radar cross section (RCS) of the sensing target, as it defines its scattering behavior. Modelling RCS, even for simple shapes, is a complex task, as it is influenced by the object's physical properties (shape, size, material, etc.) and the transmitted signal's properties (frequency, incident and reflected angles, etc.).
To determine the RCS model of an object, 3GPP can employ various approaches:
1. Dedicated Measurement Campaigns: Albeit most resource-intensive, this method provides the most accurate RCS modelling. The measurement campaign should consider multiple dependent parameters, including frequency and angles.
2. Ray Tracing Simulation-Based Modelling: This includes ray tracing simulations between the transmitter and the receiver, including objects modelled with 3D shape and size. This method can provide reasonably accurate RCS modelling while requiring fewer resources compared to the measurement campaigns.
3. Modelling Based on Simple Objects: The approach simplifies objects to combinations of simple object shapes (e.g., spheres, cubes, etc.) whose RCS has been studied.
In steps 2 and 3, objects can be further assigned radio parameters (e.g., reflectivity, permittivity etc.) as a function of frequency to simulate their material properties for modelling.
Observation 3: There is a tradeoff between the RCS modelling accuracy and modelling method.
Evidently, it is apparent that RCS modelling is not trivial, and its complexity varies depending on the chosen method. Therefore, selecting use cases based on the limited number sensing objects to model is essential, at least as a starting point.
Additionally, to ensure the channel model’s adaptability to a wide range of applications, the objects of interest should be chosen to reflect the ones applicable to multiple use cases.
Observation 4: The number of sensing objects for modelling should be determined based on selected modelling method and the objects should be determined based on their applicability to multiple use cases of interest.
Frequency range:
The subset of use cases for the sensing channel model should be considered for different frequency ranges including FR1 (0.410 – 7.125 GHz) and FR2 (24.25-71 GHz). 
The use cases defined in [1] present different requirements in terms of the level of details required from the sensing channel. As, range, angle and phase resolution depend on the frequency band of the transmitted signal, a wide range of frequency bands should be considered for the sensing channel.
FR2 signals offer high sensing resolution due to large bandwidth and numerous antenna elements, enabling measurements of range, angle, and phase with high resolution. However, FR2 signals are more susceptible to path loss, propagation loss, and blockages. In contrast, FR1 signals are more robust and reliable due to reduced attenuation and fewer blockages, providing wider sensing coverage but lower sensing resolution. FR2 is suitable for applications requiring high-detail sensing, while FR1 is suitable for applications requiring robust sensing over a wider area.
The additional effort considering FR2 for the sensing channel model may be modelling/measurement of RCS of the sensing target as it is dependent on the frequency.	
Service area:
The selected use cases should encompass both outdoor and indoor scenarios, as each represents multiple set of use cases in [1]. Each service area entails a unique deployment of BS, UE, cluster configurations, clutter density, LoS/NLoS states, and path loss modelling. Therefore, considering both outdoor and indoor service areas is essential in order to generalize the channel model.
Proposal 2: Consider the following aspects while selecting the subset of use cases from TR 22.837 for channel modelling.
· Consider the “Object detection and tracking” use cases with prioritization for “Object detection” use cases as a starting point.
· Prioritize DL and UL gNB-UE bistatic sensing mode.
· No restriction on frequency range.
· Consider the use cases considering both outdoor and indoor service areas.
· Prioritize the object(s) considered in the use cases for modelling. 
Prioritization of use cases:
In TS 22.137 [2], 3 families of scenarios are mentioned, namely object detection and tracking, environment monitoring and motion monitoring. As a starting point for the channel modelling study, a subset of use cases considering object detection and tracking with gNB-UE bistatic sensing, FR1 and FR2, outdoor and indoor service areas should be considered. Complexity of channel modeling increases if a mobile object is considered (e.g., maintaining spatial consistency). Thus, the following scenarios can be considered as the scenarios for the starting point as they deal with stationary objects.

	Use case from [1]
	Use case category
	Frequency Range
	Sensing Targets
	Service area

	5.6 Intruder detection in surroundings
	Detection
	FR1, FR2
	Humans, Animals
	Outdoor

	5.20 Parking space determination
	Detection
	FR1, FR2
	Humans, Vehicles
	Indoor/Outdoor


Additionally, to establish a baseline, modelling the RCS of humans for use case 5.6 and a car for use case 5.20, representing gNB-UE bistatic sensing-based detection across FR1 and FR2, as well as indoor and outdoor scenarios, should be considered.
Proposal 3: Prioritize use cases in “Object detection and tracking” in TS 22.137 for channel modeling
Other aspects for channel modelling
It is widely agreed that the sensing channel model should be developed based on the existing communication channel model in TR 38.901.
With the goal of creating a generalized and widely applicable model that complements selected use cases and their components, the key focus of the sensing channel model should be on accurately modelling sensing clusters, determining their association with communication clusters, and modelling sensing clutter. The details for these aspects are provided in our previous contribution [5].
Specifically, sensing objects can be modeled with sensing clusters, using a selection of appropriate modelling methods. Additionally, the association between the sensing channel and communication channel may be studied as a way introduce a dependence of sensing functionality on the communication performance and vice versa (e.g., for ISAC). Finally, to accurately model clutter to evaluate sensing methods and performance, sensing clutter should be introduced to model the sensing noise.
Proposal 4: Support the following as the required changes to the existing channel model for ISAC:
· Introduction of sensing cluster and its associated characteristics (e.g., scattering)
· Association of the sensing cluster with the communication cluster
· Introduction of sensing clutters and its associated parameters (e.g., clutter density, height, etc.)
Summary
In this contribution, we discussed potential scope and priority of the Rel-19 channel modelling study for ISAC. Based on the discussion, we made the following observations and proposals: 
Observation 1: The scope of sensing channel model considering different aspects in the use cases can be wide and challenging for RAN 1 to address.
Observation 2: Supporting tracking in the channel model requires additional modelling efforts including support for spatial and/or temporal consistency for the UE/object mobility.
Observation 3: There is a tradeoff between the RCS modelling accuracy and modelling method.
Observation 4: The number of sensing objects for modelling should be determined based on selected modelling method and the objects should be determined based on their applicability to multiple use cases of interest.

Proposal 1: Identify a subset of ISAC use cases to narrow down the scope of channel modelling study.
Proposal 2: Consider the following aspects while selecting the subset of use cases from TR 22.837 for channel modelling.
· Consider the “Object detection and tracking” use cases with prioritization for “Object detection” use cases as a starting point.
· Prioritize DL and UL gNB-UE bistatic sensing mode.
· No restriction on frequency range.
· Consider the use cases considering both outdoor and indoor service areas.
· Prioritize the object(s) considered in the use cases for modelling. 
Proposal 3: Prioritize use cases in “Object detection and tracking” in TS 22.137 for channel modeling
Proposal 4: Support the following as the required changes to the existing channel model for ISAC:
· Introduction of sensing cluster and its associated characteristics (e.g., scattering)
· Association of the sensing cluster with the communication cluster
· Introduction of sensing clutters and its associated parameters (e.g., clutter density, height, etc.)
References
[1] TR 22.837, “Feasibility Study on Integrated Sensing and Communication,” September 2023.
[2] TS 22.137, “Service requirements for Integrated Sensing and Communication”, September 2023
[3] RP-231540, “RAN Chair’s Guidance for RAN Release 19”, RAN Chair
[4] RP-232617,	 “Moderator's summary for REL-19 RAN1 topic ISAC & Exploring Study in New spectrum (7-24GHz)”, Nokia
[5] RP-231990, “Views on Rel-19 Channel Modelling”, InterDigital, Inc. 
	3/3	
