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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _Hlk151661655]An offline discussion for integrated sensing and communication (ISAC) and new spectrum (7-24GHz) has been done in RAN #101, and an initial outline has been summarized in RP-232617 [1], in which the moderator summary regarding the channel model study for ISAC is as follows:
	Regarding ISAC, the following way forward seems agreeable:
· 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.
· 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
· modelling of sensing targets, including, for example (if needed by the selected use cases), radar cross-section (RCS), mobility and clutter/scattering patterns,
· spatial consistency.
· This objective to start after completion of the first (RAN-led) objective if not already done in SID.


In this contribution, we express our views on channel model design for ISAC and propose the justifications and objectives for a new study item in Rel-19. Moreover, we offer a simple and useful methodology for a common channel model design by using a well-known RT mechanism.

Proposal for Justifications
Integrated sensing and communication (ISAC), where the sensing and communication share the same frequency band and hardware, is intended as a key technology component in future 6G wireless systems. As wireless communication technologies such as massive MIMO evolves with more antenna elements and wider bandwidth in higher frequency bands, e.g., mm-wave bands, they become reliant on increasingly more specific and accurate assistance information, such as distance (range), angle, instantaneous velocity, and area of objects. On the other hand, wireless sensing technologies aim at acquiring information about a remote object without physical contact, which realize multiple market segments and verticals where sensing services can be beneficial for intelligent transportation, aviation, enterprise, smart city, smart home, smart factories, consumer applications, and public sector. Meanwhile, the acquired sensing information can be utilized to assist the wireless communication functionalities, such as radio resource management, interference mitigation, beam management, mobility, etc. Therefore, a higher efficiency for both sensing services and sensing assisted communications is enabled when the wireless sensing and communication are integrated in the same wireless channel or environment.
To initiate the ISAC in 5G-Advanced, SA1 was undertaking a study on the ISAC use cases and providing the performance requirements for 5G wireless sensing [2]. The use cases are further categorized into three major scenarios, i.e., object detection and tracking, environment monitoring and motion monitoring [3]. Therefore, RAN1 needs to look at the potential ISAC technologies and perform feasibility study relating to somewhat representative use cases accordingly. Towards future 6G releases, it is a time to develop a reliable channel model to potentially conduct the performance evaluation. As the ISAC characteristics, it is not possible to isolate one aspect from others, particularly between use case, sensing mode, and channel model. Therefore, launching a new study item related to the channel model design in conjunction with the use case and sensing mode studies becomes extremely important in Rel-19.
[bookmark: _Hlk151663045][bookmark: _Hlk151663058][bookmark: _Hlk151662628]The newly launched ISAC related SI will mainly achieve two goals. One is to select representative use cases of interests with the corresponding target KPIs in typical sensing modes. The other is to study the channel model towards the identified use cases and the corresponding sensing modes. The channel model should be applied for both sensing and communication, having a common design to cover indoor and outdoor use cases by considering the extension of the legacy channel model specified in TR 38.901 as a start point. The channel model will be available for the performance evaluation throughout Rel-19 studies and beyond.

Proposal for Objectives
The proposed objectives for ISAC, corresponding to each representative use case associated with sensing mode, KPI and channel modeling, are as follows:
· Study ISAC channel modeling using TR38.901 as a starting point, by taking into account relevant measurements
· The ISAC channel modeling attempts to have a common design to cover more indoor and outdoor use cases.
· Validation of consistency for communication link using ISAC channel model as opposed to using the legacy channel model in TR 38.901.
· Identify use cases of interests and the target KPIs for representative use cases.
· The use case scenarios categorized in TS 22.137 are used as a starting point for ISAC channel modeling.
· Note: RAN1 selects a small number of ISAC use cases from TR22.837 for the calibration of ISAC channel modeling.
· Identify target sensing modes for the study on mono-static sensing and bi-static sensing.
· Validation of statistic relation between bi-static sensing links (e.g., correlation of large and small scales).
· Study ISAC channel modeling for FR1 and FR2.

Proposal for TR
In order to allow companies to prepare and review literature and/or perform initial field measurements, we suggest beginning the RAN1 discussions of the SI starting in Q2’2024.
The outcome of the SI is recommended to be updated into the existing TR 38.901.

Methodology of Common Channel Model Design
In order to design a common channel model for ISAC channel regardless of use cases for 6G, we need to find out a useful methodology in channel modeling if RAN1 wants to use TR38.901 as a start point. To this end, in this section, we attempt to offer a methodology by simply defining two steps; one is the validation step, and the other is the calibration step. To realize the design of a common channel model, we utilize a well-known ray tracing (RT) as an auxiliary-intermediate tool, to bridge the relation between stochastic channel model and experiment results.
The procedure for common channel model design is as follows:
· Validation step:
· Set an experiment scenario (for instance, based on a use case of intruder detection or a use case on contactless sleep monitoring service).
· Collect the experiment results from the experiment campaign.
· Generate the channel model of the same experiment scenario based on the RT auxiliary-intermediate tool, and determine each value in the parameter table by comparison and adjustment manner between the experiment results and the results generated from the RT simulator.
· It should be noted that, even by comparison, some adjustment is still necessary in order to ensure the RT-based simulator precisely reflects the real environment in the interesting use case. For instance, the adjustment can be realized by introducing a linear weighting factor to zoon in or out the value of the parameter. 
· Note: this procedure belongs to the validation step of simulation between the RT-based simulator and experiment campaign, and each proponent can choose any use case according to the availability of the experiment condition so as to harvest the precious data collection from experiment campaign.
· Calibration step:
· Plug the parameter table corresponding to the interesting use case into the common channel model, and generate the simulation results accordingly.
· Generate the simulation results from RT simulator and make a comparison with the results generated from common channel model.
· Note: this procedure belongs to the calibration of simulation between the RT-based simulator and the common channel model-based simulator. The purpose of having this procedure is to check the accuracy of the stochastic channel model relying on the methodology in TR38.901.
Figure 1 exemplifies the procedure of a common channel model design based on both use case 1 and use case 2, by means of RT mechanism as an auxiliary-intermediate tool. The experiment results and the results generated by RT simulator for each use case are input into the parameter generator to set the necessary parameters, and adjust and validate the relevant values of the parameters in the parameter table. The resultant parameter table, then, is plugged into the common channel model so that the channel model for its corresponding use case can be realized. The calibration procedure, as a finally step, is conducted between the generated results relying on the common channel model and the results relying on the RT-based channel model.
[image: ]
[bookmark: _Ref152600411]Figure 1: Example of a common channel model design by using RT as an auxiliary-intermediate tool.

It should be noted that according to the procedure discussed above, if the calibration results are within an acceptable region, then the parameter table can be used for the corresponding use case. Otherwise, somewhat adjustment may be necessary between the RT-based simulator and the common channel model-based simulator, by means of, for instance, an iterative manner.

Conclusions
We have expressed our views on channel model design for ISAC and proposed the justifications and objectives for a new study item. Meanwhile, we offered a simple and useful methodology for a common channel model design by using a well-known RT mechanism.
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