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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]A new study item of channel modeling for integrated sensing and communications (ISAC) has been approved in RAN #102 [1], in which the objectives of the study for ISAC are as follows:
	· 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.
· [bookmark: _Hlk157618114][bookmark: OLE_LINK18]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:
· 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,
· spatial consistency.
· It will be discussed at RAN#105 whether to include additional study beyond channel modelling for ISAC.


In Rel-19, the study of the ISAC needs a limitation on the deployment scenarios due to the limited TU and the potential experiment workload. In this contribution, we express our views on the representative deployment scenarios for Rel-19 ISAC channel modeling.

Deployment Scenarios
In this section, we will widely describe the typical deployment scenarios, mainly based on the legacy channel modelling captured in 3GPP technical reports, e.g., TR38.901 for channel model in the frequency range from 0.5 to 100 GHz and TR 38.913 for scenarios and requirements of next generation technologies. Then, according to the consolidated analysis, we will express our view on the necessary and limited deployment scenarios determined for Rel-19 ISAC channel modeling in conjunction with the use cases exemplified in Rel-19 SID [1].

Typical deployment scenarios
Many typical indoor and outdoor deployment environments have been extensively discussed in ITU and 3GPP, summarized as follows.
· Indoor: according to different size and environment of indoor space, the indoor deployment environment can be further classified into
· Indoor-office [1]: TRPs are equipped at ceiling and UEs are randomly deployed in the indoor area.
· Open office: typical open office environment with cubicles, chairs, etc.
· Mixed office: typical office environment with open cubicle areas, meeting rooms, walled offices, corridors, etc.
· Indoor-shopping mall [2]: it is structured with large multiple-story building with open ceiling in the middle, where shops are arranged along the outer wall of the building. In this case, TRP antenna is equipped at ceiling and UEs are randomly deployed in the indoor area.
· Indoor-factory [1]: it is structured with factory halls of varying sizes and varying densities of "clutter", e.g., machinery, assembly lines, storage shelves, cleanrooms, transporters. In this case, TRP antenna is equipped at ceiling and UEs are randomly deployed in the indoor area.
· [bookmark: OLE_LINK16][bookmark: OLE_LINK17]UMa [1]: the urban macro-cellular environment is deployed towards wider area coverage with higher user density focusing on pedestrian and vehicular users (slow and medium speed vehicular users). TRPs are equipped in a regular grid and at or above rooftop level of surrounding buildings (e.g., 25m). UEs are randomly deployed outdoor and indoor.
· UMi (Street canyon, open square) [2]: the urban micro-cellular environment is deployed towards street canyon or city open square coverage with high user density focusing on pedestrian and slow vehicular users. TRPs are equipped in a regular grid and below rooftop level of surrounding buildings (e.g., 10m). UEs are randomly deployed outdoor and indoor.
· RMa [1]: the rural macro-cellular environment is deployed towards larger and continuous coverage focusing on high speed vehicles. TRPs are equipped in a regular grid and above surrounding buildings (e.g., 35m). UEs are randomly deployed outdoor and indoor.
· Road with urban grid [3]~[5]: the urban grid road deployment environment focuses on a scenario of highly dense-deployed vehicles placed in urban area. It could cover a scenario where freeways lead through an urban grid. TRPs are equipped as same as to the urban macro-cellular deployment environment. Vehicle UEs with different types are deployed on the road, pedestrian UEs are dropped along the sidewalk, and cellular UEs are dropped inside vehicles.
· Highway [3]~[5]: the highway deployment environment focuses on scenario of vehicles placed in highways with high speeds. TRPs are equipped along the highway, vehicle UEs with different types are deployed on the highway and cellular UEs are dropped inside vehicles.
· High-speed train (railway) [3][4]: the railway deployment environment focuses on continuous coverage along track in high-speed trains. TRPs are equipped along the track and UEs are all dropped in the high-speed train.
· UAV (RMa-AV, UMa-AV, UMi-AV) [6]: it is the RMa, UMa and UMi scenarios with aerial vehicles that are deployed within the coverage range of TRPs. The maximum target height and the maximum horizontal speed requirement for aerial vehicles are 300 m AGL and 160 km/h, respectively. 

Accordingly, it can be observed that the deployment scenarios have been maturely discussed in the different standard bodies, and many technical reports can be referred to if the representative deployment scenarios need to be newly defined towards a new channel modeling. Therefore, it is expected that the deployment scenarios defined for ISAC channel modeling can determined in consideration of the availability and the similarity of legacy deployment scenarios.
Observation 1:  [bookmark: _Ref158101550]The deployment scenarios defined for ISAC channel modeling can determined in consideration of the availability and the similarity of legacy deployment scenarios.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Deployment scenarios for ISAC
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Considering the detecting and/or tracking objects in SID and the corresponding use cases defined in TR 22.837 [7], the analysis on the deployment scenarios for object detection and/or tracking can be limited to the use cases that are exemplified in SID of ISAC [1], as follows.
· UAVs:
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]UAV industry is developing quickly around the world with the wide usages in various scenarios such as aerial photography, police force, urban management, agriculture, geology, etc. In TR 22.837, the typical application scenarios of UAV flight trajectory tracing and UAV intrusion detection are defined. For UAV detecting and/or tracking, the typical application scenarios are urban and rural environment. Therefore, the sensing nodes, including TRPs and UEs, can be deployed by referring to UMa, UMi and RMa defined in TR 38.901, while the sensing targets of UAV are deployed with different speed and different height (e.g., 1.5m~300m), above or below the TRPs.
· Humans indoors and outdoors
· For indoor human detecting and/or tracing, the intruder detection as an application of smart home is a typical scenario where many use cases are defined in TR 22.837. If the target range of detected human is required in the indoor environment, in addition, it can be further categorized into two sub-scenarios:
· Indoor office: office is a typical scenario widely used in 3GPP. For human detecting and/or tracing, the sensing nodes, including TRPs and UEs, can be deployed by referring to what TR38.901 is defined for indoor office, where the sensing target of human is deployed in the area of 120m×50m, moving around.
· Small room: living at a smart home and working in a smart office is coming true and never being a dream. It will be a normal living and working style in our future life. The smart home and office, in general, offer a very efficient space under a very comfortable condition, which is fundamentally different from what people are experiencing so far. As discussed in TR 38.808 [8], the small room defined as the scenario of indoor-B can be constructed with an area of 20m×20m, where TRP is equipped at ceiling, UEs are deployed in the room and the sensing target of human is deployed in the room, moving around. For the sake of simplicity, we believe that the scenario of indoor-B can be properly modeled for the small room, with certain modifications according to the use cases if necessary. Figure 1 depicts the deployment scenario of small room with the room size of 20m×20m, where a TRP is equipped in the center of ceiling, several UEs are randomly dropped in the room and one sensing target is moving around the room.


[bookmark: _Ref157769733]Figure 1: The deployment scenario of small room with the room size of 20m×20m.
· For outdoor human detecting and/or tracing, as referred for the use cases defined in TR 22.837, the human intrusion detection, including highway, surroundings of smart home, railway and smart grid equipment, the typical application scenarios are urban, highway and railway. Therefore，the sensing nodes, including TRPs and UEs, can be deployed by referring to the UMa, UMi,  highway and railway scenarios defined in the references [2]~[5], in consideration of
· in UMi and UMa scenarios, the sensing target of human is dropped outdoor, moving around the urban cellular.
· in highway and railway scenarios, the sensing target of human is dropped, moving on or nearby the highway and railway track.
· Automotive vehicles
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]For automotive vehicles, the typical application scenarios can be highway and road with urban grid. The sensing nodes, including TRPs and UEs, can be deployed by referring to the highway and road with urban grid scenarios defined in the references [3]~[5]. The sensing targets of vehicles are deployed, moving on the highway or the road.
· Automated guided vehicles (AGV)
· The main use case of AGV is its detection and tracking in factories. The deployment environment could be an indoor factory where the AGV is deployed, moving around. The sensing nodes, including TRPs and UEs, can be deployed by referring to what TR38.901 is defined for indoor factory.
· [bookmark: OLE_LINK12][bookmark: OLE_LINK15]Hazards on roads/railways
· For the detection of hazards on roads, the typical application scenarios are highway and road with urban grid, while for the detection of hazards on railways, the typical application scenario is railways. The sensing nodes, including TRPs and UEs, can be deployed by referring to the highway, road with urban grid and railway scenarios defined in the references [3]~[5]. The objects, such as pedestrian and animal, are deployed, moving on or around the highway, road or railways. 

According to the discussion above, it can be observed the typical application scenarios for object detection and/or tracking use cases identified in the SID of ISAC [1] are urban, rural, indoor, factory, highway, road with urban grid and railway, which behave the high similarities. This is because as compared to the existing scenarios in the communication, in the sensing applications, the TRPs and UEs can be regarded as the sensing nodes, and only the target as an object has to be newly introduced in the deployment scenarios. Therefore, this can recognize the high similarities between sensing and communication from the perspective of the deployment scenarios.
Observation 2:  [bookmark: _Ref158101559]Thanks to the high similarities between sensing and communication, the most deployment scenarios in communication can be reused for sensing, except for introducing sensing target(s).

For brevity, the suggested deployment scenarios for ISAC discussed above are summarized in Table 1.
[bookmark: _Ref157703754]Table 1: The suggested deployment scenarios for ISAC.
	Use case
	Deployment scenarios

	UAVs
	UMa, UMi, RMa

	Human
	Indoor: office, small room
Outdoor: UMi, UMa, highway, railway

	Automotive vehicles
	Highway, road with urban grid

	AGV
	Indoor factory

	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Hazards on roads/railways
	Highway, railway, road with urban grid



From the above analysis, it can be seen that, deploying different sensing targets as the specific parameters in the same scenario can be applied to different sensing use cases. In case of the UMi scenarios, for example, the deployment of TRPs and UEs can be unified for UAV and human detecting, and the TRPs and/or the UEs can be regarded as the sensing nodes for UAV and human detecting. The impact on the common channel modeling is only the RCS design for UAV and human. This facilitates the design of the common channel modeling for ISAC by specifically defining the RCS corresponding to the specific use case. The detailed discussion regarding the common channel modeling with the RCS as a specific parameter can refer to our companion contribution [9]. Consequently, we believe that the deployment scenarios are independent of the use cases.
Observation 3:  [bookmark: _Ref158101561]Deployment scenarios are independent of use cases. RAN1 may need to identify basic deployment of TRPs and UEs and define sensing targets with specific parameters applied to specific use cases.

According to the discussion above, it can be observed that TRPs and UEs are always involved in most of the deployment scenarios. This implies that in any deployment scenarios, the link between TRP and UE, the link between TRPs, and the link between UEs can be simply modeled, meaning all the six sensing modes (i.e. TRP-TRP bistatic, TRP monostatic, TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic, UE monostatic) can be supported. In other word, the deployment scenarios are independent of sensing modes.
Observation 4:  [bookmark: _Ref158101562]Deployment scenarios are independent of sensing modes. RAN can study deployment scenarios, decoupling with the sensing modes.
[bookmark: _Ref158101564]RAN1 study deployment scenarios, independent of use cases and sensing modes.

Furthermore, due to the limited TUs and the potential experiment workload, we suggest that RAN1 confines the scope of indoor and outdoor deployment scenarios. 
In the indoor scenarios, the small room and indoor office are relatively simple compared to the indoor factory, with various sizes and various numbers of "clutter", due to the various machinery, assembly lines, storage shelves, cleanrooms, and transporters. Considering the complexity and uncertainty of experiment environment and the universality of the validated channel modeling parameters, we envisage that prioritizing the indoor deployment scenarios to the indoor small room and indoor office can eliminate the uncertainty of channel modeling for ISAC and ensure the channel model delivery from Rel-19.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: _Ref158101566]In consideration of the factors of limited TUs and potential experiment workload, RAN1 prioritizes the indoor deployment scenarios on indoor small room and indoor office.

Conclusions
This contribution studied the necessity of the limitation on the ISAC deployment scenarios due to the limited TU and workload. In addition, we expressed our views on the representative deployment scenarios. The observations and proposals are summarized as follows.
Observation 1: The deployment scenarios defined for ISAC channel modeling can determined in consideration of the availability and the similarity of legacy deployment scenarios.
Observation 2: Thanks to the high similarities between sensing and communication, the most deployment scenarios in communication can be reused for sensing, except for introducing sensing target(s).
Observation 3: Deployment scenarios are independent of use cases. RAN1 may need to identify basic deployment of TRPs and UEs and define sensing targets with specific parameters applied to specific use cases.
Observation 4: Deployment scenarios are independent of sensing modes. RAN can study deployment scenarios, decoupling with the sensing modes.

Proposal 1: RAN1 study deployment scenarios, independent of use cases and sensing modes.
Proposal 2: In consideration of the factors of limited TUs and potential experiment workload, RAN1 prioritizes the indoor deployment scenarios on indoor small room and indoor office.
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