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1	Introduction
Integrated Sensing and Communications (ISAC) has been identified as one of the study areas for Rel-19 [1]. During RAN#101 there was further discussion on the scope. The outcome was captured in [2] and is reflected below. 
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 start to address the open points from above. We further highlight aspects to consider when drafting the study item description for RAN1-led study and how we foresee how the work will continue beyond the initial phase of channel modelling.
[bookmark: _Ref178064866]2	Discussion
Overview of use cases from SA1
SA1 has concluded a study item on ISAC captured in SA1 TR 22.837 [2]. It has currently an ongoing work item on ISAC planned to be finalized at TSG SA #102 (December 2023) and the corresponding result is captured in TS 22.137 [3]. 
From an SA perspective, what matters is the normative content of the TS and not the study in the TR. Hence RAN shall consider what is written in the TS and not the TR when defining the use cases to define channel modelling for. Particularly what RAN should consider is the underlaying use cases associated with Table 6.2-1 in the TS [3].
RAN needs to consider that when SA1 captured the final requirements, then the underlaying use cases are no longer defined in any concrete manner. Rather the uses cases with similar requirements are aggregated together. Hence RAN should consider the content in [3] and after that take inspiration from [2] when defining the exact scenarios for channel modelling.
[bookmark: _Toc152593923]RAN shall start from TS 22.137 when defining the scenarios for channel modelling but may take inspiration from TR 22.837. 
The TS 22.137 lists several different targeted sensing service use case areas. Our view is that RAN shall focus on indoor/outdoor detection of humans (or animals), unmanned aerial vehicles (UAV), automated guided vehicles (AGV) and vehicles. 
To further outline what these scenarios are, we see that we can take some inspiration from TR 22.837 considering that we need a limited set of scenarios for each of them. 
Vehicle related use cases
There are several use cases exemplifying the vehicle related use cases in the TR.  The common aspect in many use cases in this use case family is that it is about cooperation between different entities to obtain a better sensing result. The sensing entities can be vehicles (UEs), roadside units, or gNBs. The involved sensing entities share sensor data with the 5G system, which then processes the data and shares the results. Shared sensor data can be measurements obtained via 3GPP-based sensing (mono and bistatic) as well as non-3GPP sensors (however, non-3GPP based sensors do not have any impact on the channel model discussion). Detection of free parking spaces by sensing via the 5G system also falls into this use case family.
AGV use cases
Modern smart factories rely to an increasing extent on Automated Guided Vehicles (AGVs). The AGV are centrally controlled. ISAC involving either only gNBs or gNBs and UEs (i.e. 3GPP-based sensors mounted on AGVs) can help to improve navigation and improve human worker’s safety by avoiding collisions between humans and AGVs. 
UAV related use cases
Applications for Unmanned Aerial Vehicles (UAVs) have exploded over recent years. Most UAVs are equipped with onboard sensors to track and maintain its flight trajectory. However, even if UAVs are equipped with onboard sensors, there is still a need for a tracking system that can detect deviations in flight track and assist UAVs in case of track deviations, e.g. due to onboard sensor failures. In addition, illegal UAV operations (entering prohibited air space) are an increasing problem, requiring a surveillance system that can detect and track uncooperative UAVs. The 3GPP-based sensing using gNBs, terrestrial UEs, and potentially onboard UEs can be used to detect and track UAVs.
Smart home related use cases
3GPP-based sensing can be used to monitor homes and their surroundings, e.g. to detect intruders. For example, by analyzing disturbances in the wireless signal reception, intrusion events can be detected.

The discussed use case families cover most use cases discussed in [2]. To limit the scope of channel modeling work, we propose to focus on the following:
[bookmark: _Toc152593924]The Rel-19 ISAC channel modeling study item focuses on the use cases related to vehicle, industrial/AGV, UAV and smart home.
Sensing topologies
Sensing can be performed monostatically or bi/multistatically. In case of monostatic sensing, the same node performs transmission and reception of the sensing signal. The sensing node could be a gNB or a UE. In bistatic sensing, transmission and reception is performed by spatially separated nodes, e.g. between two gNBs or a gNB and a UE. Multistatic sensing is an extension of bistatic sensing with at least three sensing nodes involved.
In monostatic sensing, where transmitting and receiving nodes are the same, there is no need to standardize sensing signal formats. In case of monostatic UE-based sensing in licensed spectrum, the gNB would have to allocate time-frequency resources to the sensing operation, which would require standardization of this control mechanism. However, no standardization that requires sensing performance simulations and thus a sensing channel model would be needed. 
[bookmark: _Toc152593930]Monostatic sensing can be done with a proprietary sensing signal format not requiring sensing performance simulations to be performed in RAN1. Thus, specification of monostatic sensing does not require a standardized sensing channel model.
Bi/multistatic sensing between gNB and UE requires standardized sensing signals. To be able to compare different sensing signal formats, sensing performance simulations and thus a standardized sensing channel model is needed.
[bookmark: _Toc152593925]Limit the Rel-19 ISAC channel modeling study item to bistatic sensing between gNB and UE.
Sensing Channel Model
A radio channel is often modelled as consisting of multiple discrete propagation paths.  A system that senses a passive target relies on discerning and measuring those propagation paths that have reflected off the target.  While the channel model in TR38.901 does model propagation paths, it does so statistically, and each path of the model is only characterized by parameters of interest to a communication link.  For example, how the position and movement of a target affects the propagation paths is not captured.  A channel model that is used for evaluation of sensing algorithms must accurately capture the geometrical properties that the sensing algorithm aims to estimate.  For that reason, the present version of TR38.901 is not sufficient for sensing evaluation.
Figure 1 shows one way to model the links in a bistatic/multistatic sensing network.  The links described by TR38.901 are shown in orange, while the additional links needed to evaluate a sensing algorithm are shown in brown. The green link between the base stations might or might not be needed in the evaluations, depending on if phenomena, such as, interference between base stations need to be captured.  Not explicitly shown in Figure 1 is the fact that the line-of-sight component of each link can be blocked.  Since blockage of the line-of-sight links often is decisive to the success or failure of a sensing algorithm, a channel model for sensing must model blockage too.
[image: ]
[bookmark: _Ref150870276]Figure 1: Radio links in a sensing network.

The links between the base station and the target and the target and the UE can be modelled in many ways.  The simplest way is as a free-space channel and a more complete way is to model the link using TR38.901.  When using TR38.901, the total number of propagation paths between, for example, the base station and the UE can be excessive.  If that is an issue, the set of paths can be pruned.
The impact of the target on the path loss and the polarization is captured by a radar cross-section, which in full generality is a function that depends on the incidence angle of the propagation path and its scattering angle.  The radar cross-section can be stochastic or deterministic.  
By including the links from the base station to the target and from the target to the UE with a radar cross-section to connect the two, the underlying geometry that many sensing algorithms try to estimate is captured by the channel model.  The addition of these links and the addition of the concept of the radar cross-section to TR38.901 will make it useful for evaluating such sensing algorithms.
Clutter, echoes from spurious objects in the environment that are not of interest to the sensing user, is then modelled through the non-geometrical signal paths of the original TR38.901 link (non-geometrical in the sense that these paths have not connection to any point in space.). When more detailed modeling of undesired echoes from (certain parts of) the environment is needed, they can be modeled with the same methodology as targets.
The well-known and commonly agreed upon channel model in TR38.901 characterizes the radio signal well but lacks the geometrical information that is of interest for sensing. To use this channel model for sensing simulation evaluations, the geometrical features of interest to sensing need to be introduced in the model. 
[bookmark: _Toc152593926]Update TR38.901 with additional signal paths to model how the sensing target impacts the radio channel to support evaluations of ISAC.
Given that TR38.901 is defined from 0.5 to 100 GHz, we see that the same range should carry over to the channel model for sensing. However, we do not see that measurement results will be provided for the full spectrum range, particularly not for the lower part and potentially neither for the upper ranges (within FR2-2). It should be sufficient on the other hand to model this edge by interpolating and extrapolating parameter values for the ranges that are missing measurement results. 
[bookmark: _Toc152593927]Sensing channel model is defined for the spectrum range 0.5 to 100 GHz. Interpolation/extrapolation can be used for frequency ranges where no measurement results are provided.
Going Beyond Channel Modelling
ISAC is a new area for 3GPP. The work in SA1 has barely yet finished and many aspects are still not well understood, not only regarding achievable accuracies and technical feasibility but also aspects regarding the actual addressable markets around ISAC. We see that RAN will be fully occupied with the current set of projects defined across all the working groups. We believe that there are gains by considering bistatic sensing between the UE and gNB, however the final answer to this must be determined via evaluations. To establish a common ground for evaluation of sensing techniques, the channel modelling work should be finished before starting technical work on sensing. 
[bookmark: _Toc152593928]Avoid technical work on sensing techniques in Rel-19.
SID description
Based on the above discussion our proposal on a SID justification formulation and objective is as follows:
Justification
Wireless sensing technologies aim at acquiring information about a remote object or environment and its characteristics. The data received by wireless sensing of an object and its surrounding can be utilized for analysis, so that meaningful information about the object or environment and its characteristics can be obtained.
Integrated Sensing and Communication (ISAC) in a 3GPP 5G or 6G system means the sensing capabilities are provided by the same wireless communication system and infrastructure as used for communication. 
The SA1 led work item on Sensing has been concluded. Based on that RAN has identified the need to further define channel models and scenarios to be able to assess the performance of different technology choices. This to allow for technical studies and potential specification impact of ISAC solutions in 3GPP in a later stage. Currently, 3GPP is missing a channel model and associated scenarios to conduct such evaluations.
RAN has further identified the use cases vehicle, industrial AGV, UAV, and smart home as applicable for further work. 
This study item aims to define the channel model and the associated scenarios in detail for ISAC to allow for technical studies of ISAC in the future.
Objective
1 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: [RAN1]
a. modelling of sensing targets and background environment, including, for example (if needed by the selected use cases), radar cross-section (RCS), mobility and clutter/scattering patterns;
b. spatial consistency.
2 Define evaluation scenarios in detail for the following selected use cases: [RAN1]
a. vehicle, industrial AGV, UAV, and smart home
Note 1: Any updated channel model is captured in TR 38.901
Note 2: The applicable sensing mode is bistatic sensing between UE and gNB
Note 3: The applicable frequency range is 0.5 to 100 GHz. If measurements are not provided to the full range applicable interpolation/extrapolation techniques can be used.
Note 4: TS 22.137 has precedence over TR 22.837. Hence TR 22.837 can only be used for background. Therefore, RAN1 needs to define its own evaluation scenarios based on the selected use cases.

[bookmark: _Toc152593929]Consider our draft SID justification and objective for the final SID.

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Monostatic sensing can be done with a proprietary sensing signal format not requiring sensing performance simulations to be performed in RAN1. Thus, specification of monostatic sensing does not require a standardized sensing channel model.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN shall start from TS 22.137 when defining the scenarios for channel modelling but may take inspiration from TR 22.837.
Proposal 2	The Rel-19 ISAC channel modeling study item focuses on the use cases related to vehicle, industrial/AGV, UAV and smart home.
Proposal 3	Limit the Rel-19 ISAC channel modeling study item to bistatic sensing between gNB and UE.
Proposal 4	Update TR38.901 with additional signal paths to model how the sensing target impacts the radio channel to support evaluations of ISAC.
Proposal 5	Sensing channel model is defined for the spectrum range 0.5 to 100 GHz. Interpolation/extrapolation can be used for frequency ranges where no measurement results are provided.
Proposal 6	Avoid technical work on sensing techniques in Rel-19.
Proposal 7	Consider our draft SID justification and objective for the final SID.
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