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1 Introduction
The Rel-19 study items on “Study on channel modelling for integrated sensing and communications (ISAC) for NR” is endorsed in RAN#103 [1]. The objectives for this SI are shown below:
	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

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:
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;
b) spatial consistency.

It will be discussed at RAN#105 whether to include additional study beyond channel modelling for ISAC.


In this contribution, we discuss deployment scenario related aspects for Rel-19 ISAC channel model SI and agreements in the last RAN1 meeting.
2 Evaluation parameters per sensing target
At the previous meeting, RAN1 agreed on a scenario that matches each sensing target as a starting point in Table 1. In this contribution, the characteristics of each scenario and issues for discussion are described.

Table 1 – Agreed scenarios for the sensing target as starting point
	Sensing Targets
	Scenarios

	UAVs
	RMa-AV, UMa-AV, UMi-AV (TR 36.777)

	Human indoors
	InF, Indoor office, [Indoor Room (TR 38.808)], [UMi, UMa]

	Human outdoors
	UMi, UMa, [RMa]

	Automotive vehicles (at least outdoors)
	Highway, Urban grid, UMa, UMi, RMa

	Automotive guided vehicles (e.g. in indoor factories)
	InF

	Objects creating hazards on roads/railways (examples defined in TR 22.837)
	Highway, Urban grid, HST


In the last RAN1 meeting, it was agreed to specifying evaluation parameters by detailing applicable communication scenarios, sensing Tx and Rx properties, supported sensing modes, characteristics of sensing targets, and unintended or environmental objects from the perspective of each sensing target.
These parameters are assumptions that form the basis of channel generation. For example, in determining LOS conditions, path loss/shadow fading in large-scale fading, and generation of small-scale fading clusters, it is necessary to consider not only the location and mobility of Tx and Rx but also characteristics of target and even unintended/environment objects. Based on physical characteristics of Tx, Rx and target (and even environment object), discussion of evaluation parameters for channel generation can continue. In addition, since each company considers different operational scenarios and applications, it is necessary to discuss the characteristics for all of targets which is specified in this study without any prioritization. 
In the table agreed at the last meeting, there were several parameters with brackets. Among them, regarding unintended/environmental objects, whether or not to model them is being discussed under another agenda. However, for accurate performance evaluation of sensing in the future, environment object (EO) modelling, which may act as a deterministic clutter, is essential. For example, when a human outdoor is assumed as a sensing target, their typical surroundings may include vehicles, people, trees, etc., and further, surrounding buildings and ground. These may interfere with sensing performance due to reflections in the sensing environment. In order to reflect more realistic situations, such modelling of EOs is required. Therefore, as a starting point for discussion, it is necessary to discuss what types of EO models can be applied to each sensing target and which EOs are considered. Based on this, the characteristics (3D mobility, 3D distribution, orientation and physical characteristic) of each EO can be discussed.
In addition, the sensing area is listed along with the bracket. However, it is difficult to accurately determine this in the current channel modelling study. Because the sensing area is a parameter that varies depending on the sensing capability of the transmitter and receiver. We believe that it can be specifically discussed in future studies. Therefore, in this study, it need to be de-prioritized or interpreted in the same view as communication coverage.
The parameters dedicated to each sensing target are proposed in each subsection.
RAN1 consider all of targets which are included in Rel-19 SID without prioritization
RAN1 consider unintended/environment objects modelling and specify the EO modeling type and the kind of EO for each sensing target
RAN1 de-prioritize the discussion of sensing area in channel modeling.

2.1 UAV
UAV can be introduced as sensing targets in both urban and sub-urban/rural environments. UAVs can perform food and retail product deliveries in urban areas. For this, UAVs need sensing for tracking their movements to avoid collisions with buildings. In this regard, sensing studies are needed in an urban scenario. The development of UAVs is not limited to the logistics industry. There may be UAVs used in suburban/rural areas such as emergency rescue and agricultural applications. Providing UAVs with sensing information that can update route information in real time or sensing to prevent unauthorized UAVs from entering the area may be a use case. Therefore, UAV sensing studies are needed not only in urban (UMa and UMi) scenarios but also in suburban/rural (RMa) environments representing areas outside the city.
The RMa and urban scenarios (UMa and UMi) have differences that affect the channel characteristics. As described in Table 2, the difference in terms of layout within the channel model is that the BS antenna height adopted in each scenario, the distance between BSs, and the surrounding environment are different. In an urban scenario, the antenna height may be located at or lower than the building height. Accordingly, the effect of multipath characteristics reflected/scattered from the walls or rooftops of nearby buildings may occur. On the other hand, in the RMa environment, the antenna is located at a high position and covers a wide area. Thus, it is necessary to check the influence according to the distance of the target rather than the influence of the multipath due to the open area environment.
Based on the above contribution, the parameters for UAV as sensing target can be specified as Table 2. 
The characteristics of UAVs as sensing targets can be discussed based on existing study [3]. For the mobility, [3] assumed a fixed value of 160 km/h for system level evaluation and assumed speeds of 3, 30, 60, and 160 km/h for mobility specific evaluation. In addition to existing study, the stationary UAV (0 km/h) case can be considered, as well. Based on this observation, RAN1 needs to discuss how to allocate the speed of UAVs distributed within cells and the minimum/maximum speed values. 
For 3D distribution, [3] assumed the height range of UAVs from 1.5 m to 300 m. In addition, as an optional consideration, fixed height distributions at 50, 100, 200, and 300 m are taken into account. As we discussed above, UAVs can be distributed in various environments. For example, a UAV flight could be urban macro where high-rise buildings exist, and its height may vary depending on various applications other than flight path navigation, takeoff, and landing. Hence, the height of a UAV can be considered as a value within a certain range rather than a fixed value. Therefore, the 3D distribution of UAVs can be considered after uniform 2D distribution within a cell followed by uniform distribution within a specific height range.
A UAV that takes mobility into account changes its orientation over time. The orientation depends on the speed assigned to the UAV and its direction of travel. Therefore, prior to discussing the function concerning the change in orientation, the discussion on the direction of heading should be discussed first. [3] assumed only the horizontal plane for the direction of UAV. However, there might be movements in the vertical plane taking rise and fall into account. Therefore, RAN1 needs to discuss directionality for UAV orientation discussion. 
The size of the UAV may vary depending on the application. A typical type of UAV may be around 1.5 m (length) x 1.5 m (width) x 0.7 m (height), as described in [6]. However, the size of multifunctional UAVs such as delivery drones may be larger. There may also be large UAVs considering future mobility. Therefore, RAN1 needs to discuss selecting the size of UAVs considering various applications. Along with this, selection of materials, one of the main parameters in calculating RCS, is needed. 

Table 2. Evaluation parameter for UAV
	Parameters
	Value

	Applicable communication scenarios
	UMa, UMi, RMa

	Sensing transmitters and receivers properties
	Distributed BS and UE based on TR 38.901

	Supported sensing modes
	All 6 sensing modes

	Sensing target
	Outdoor/indoor
	Outdoor

	
	3D mobility
	Speed
· Option 1: Uniform distribution in the range of [0 – 160] km/h
· Option 2: Fixed velocity – [0, 3, 30, 60, 160] km/h

	
	3D distribution
	Uniform 2D distribution in a cell, first. And then, height distribution per UAV with
· Uniform distribution in the range of [1.5] m and [300] m


	
	Orientation
	Directionality
· Option 1: horizontal and vertical
· Option 2: horizontal only

	
	Physical characteristics (e.g., size)
	Size (length x width x height)
· Typical size UAV: 1.5m x 1.5m x 0.7m
· Extended size UAV: 3 m x 3 m x 1.4 m
· FFS Mini size UAV : 0.7 m x 0.7 x 0.7 m
· FFS Large size UAV : 6 m x 6 m x 1.4 m
Material
· Carbon
· Aluminium
· Stainless
· Plastic

	Unintended/Environment objects
	Types
	EO modeling types
· Option 1: EO-type 1
· Option 2: EO-type 2
· Option 3: EO-type 1 and 2
EO types
· FFS EO-type 1: other UAVs, bird (in case of animal)
· FFS EO-type 2: building

	
	3D mobility
	FFS

	
	3D distribution
	FFS

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	FFS

	[Sensing area]
	

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	Tx/Rx – sensing target : [10] m
FFS between sensing targets
FFS Tx/Rx – unintended object
FFS between unintended objects


For UAV as sensing target, RAN1 study all 3 deployment scenario (UMi, UMa and RMa) taking into account use cases and sensing channel characteristics
RAN1 refer the existing study TR 36.777 for the definition of parameters of UAV as sensing target 
For UAV as sensing target, RAN1 study how to model the sensing target with Table 2 as starting point.

2.2 Human indoor
 It is clear that humans are the sensing targets where they are located in indoor. However, one ambiguity is whether the sensing Tx and sensing Rx are indoor or outdoor.
 On the other hand, an indoor room was proposed as one of the indoor environments during the last RAN1 meeting. The introduction of this new scenario is needed. The existing indoor hotspots (open offices, mixed) and indoor factories defined in TR 38.901 consider relatively large indoor environments of 120 m x 50 m. However, like the scenario of indoor-B in TR 38.808, a relatively small indoor environment of 20 m x 20 m would be suitable for a smart home considering sensing technology use cases. And then, RAN1 can discuss the cell layout baseline as Table 3 and 4.
Table 3 – Cell layout for indoor office and indoor room based on TR 38.901
	
	Indoor office
	Indoor room

	Cell layout
	120 m x 50 m x 3 m (ISD : 20 m)
	20 m x 20 m x 3 m

	BS antenna height (ceiling)
	3 m
	3 m



Table 4 – Cell layout for UMi and UMa based on TR 38.901
	
	UMi
	UMa

	Cell layout
	Hexagonal grid,
3 sectors per site,
ISD = 200 m
	Hexagonal grid,
3 sectors per site,
ISD = 500 m

	BS antenna height (ceiling)
	10 m
	25 m



Furthermore, based on TR 38.901, the indoor factory is divided into five scenarios depending on the clutter density and the height of the BS. In addition, the layout size is defined as an area rather than regular horizontal-vertical length (see the Table 5). Therefore, it is necessary to decide which the indoor factory scenario types and layouts to be considered in the sensing channel.
Table 5 – Types of indoor factory scenario based on TR 38.901
	Indoor Factory
	InF-SL (sparse clutter, low BS)
	InF-DL (dense clutter, low BS)
	InF-SH (sparse clutter, high BS)
	InF-DH (dense clutter, high BS)
	InF-HH (high Tx, high Rx)

	Room size
	Rectangular : 20 – 160000 m2

	Ceiling height
	5 – 25 m
	5 – 15 m
	5 – 25 m
	5 – 15 m
	5 – 25 m

	Clutter type
	Big machineries composed of regular metallic surfaces
	Small to medium metallic machinery and objects with irregular structure.
	Big machineries composed of regular metallic surfaces
	Small to medium metallic machinery and objects with irregular structure.
	Any

	Typical clutter size
	10 m
	2 m
	10 m
	2 m
	Any

	Clutter density
	Low clutter density
(< 40 %)
	High clutter density
(≥ 40 %)
	Low clutter density
(< 40 %)
	High clutter density
(≥ 40 %)
	Any



Meanwhile, if either sensing Tx or sensing Rx is in an outdoor environment, UMi and UMa should also be considered. For example, if sensing Tx is an outdoor BS and sensing Rx is an indoor UE, or sensing Tx is an outdoor UE and sensing Rx is an indoor UE. Therefore, before discussing specific details in these scenarios, it is necessary to first determine whether the distribution of sensing Tx and sensing Rx will be confined to indoor or outdoor environments as well.
For the parameter summary, as a sensing target, indoor humans' 3D mobility/orientation can follow the UE distribution method considered in [2] and [8].
The size of a human can be discussed starting from the general adult body shape, 0.5 m x 0.5m x 1.75m, as considered in [6]. Furthermore, if we consider a large shopping mall, the human body shape can vary from child to adult. Considering this, RAN1 need to discuss whether it is necessary to consider humans of different body shapes. Depending on the physical properties of the outfit, it may have an RCS value different from that of a typical human’s characteristics. So, RAN1 need to discuss whether this needs to be considered in this study.

Table 6. Evaluation parameter for Human indoor
	Parameters
	Value

	Applicable communication scenarios
	Indoor office, Indoor factory, Indoor room, UMa, UMi

	Sensing transmitters and receivers properties
	Distributed BS and UE based on TR 38.901

	Supported sensing modes
	All 6 sensing modes

	Sensing target
	Outdoor/indoor
	Indoor

	
	3D mobility
	Velocity
· Fixed velocity – 3 km/h

	
	3D distribution
	Uniform 2D distribution in a cell
FFS distributed on the different floor in UMa and UMi 

	
	Orientation
	Directionality
· horizontal only

	
	Physical characteristics (e.g., size)
	Size
· Adult: 0.5m x 0.5m x 1.75m
· FFS other aspects (e.g., heights, clothes)

	Unintended/Environment objects
	Types
	EO modeling types
· Option 1: EO-type 1
· Option 2: EO-type 2
· Option 3: EO-type 1 and 2
EO types
· FFS EO-type 1: other human, AGVs, 
· FFS EO-type 2: FFS

	
	3D mobility
	FFS

	
	3D distribution
	FFS

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	FFS

	[Sensing area]
	

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	Tx/Rx – sensing target : [0] m
between sensing targets : [1] m
FFS Tx/Rx – unintended object
FFS between unintended objects



For human indoor as sensing target, RAN1 discuss the basic layout for indoor scenario with Table 3, 4 and 5.
Discuss whether outdoor to indoor scenario (outdoor sensing Tx and indoor sensing Rx / indoor sensing Tx and outdoor sensing Rx) is considered for the case of human indoor as sensing target
For human indoor as sensing target, RAN1 study how to model the sensing target with Table 6 as starting point.

2.3 Human outdoor
Humans outdoor as sensing targets can be considered in both Urban scenarios (UMa and UMi), as defined in TR 38.901. Similarly, humans who is located outdoor also can be considered in rural scenarios (RMa). The RMa scenario can be one of the promising scenario for the specific sensing mode such as BS-UE sensing mode because the probability of the LOS states higher can be secured than UMa and UMi scenario. Therefore, RAN1 need to discuss 3 scenarios (UMi, UMa and RMa) for the case of human outdoor as sensing target.
Similar to Human indoor case, the 3D mobility/3D distribution of human outdoor as a sensing target can follow the methods defined in [2] and [8]. One thing to note is the distribution in the urban grid. In this scenario, the distribution of pedestrian can be referred based on Section A.1.3 in [9]. The area where the target can be distributed is the sidewalk, not the road and the building. However, the total number of pedestrian UE is limited and inter-pedestrian UE calculation is complicated. We believe that it can be simplified with uniform 2D distribution with fixed minimum inter-pedestrian distance similar with other outdoor urban scenario.
For physical characteristics of human outdoor, as we discussed in human indoor, the size can be discussed starting from the general adult body shape, 0.5 m x 0.5m x 1.75m. Furthermore, RAN1 need to discuss whether it is necessary to consider humans of different body shapes.

Table 7. Evaluation parameter for Human outdoor
	Parameters
	Value

	Applicable communication scenarios
	UMa, UMi, RMa, Urban grid

	Sensing transmitters and receivers properties
	Distributed BS and UE based on TR 38.901 and TR37.885

	Supported sensing modes
	All 6 sensing modes

	Sensing target
	Outdoor/indoor
	Outdoor

	
	3D mobility
	Velocity
· Fixed velocity – 3 km/h

	
	3D distribution
	Uniform 2D distribution on the ground level in a cell

	
	Orientation
	Directionality
· horizontal only

	
	Physical characteristics (e.g., size)
	Size
· Adult: 0.5m x 0.5m x 1.75m
· FFS other aspects (e.g., heights)

	Unintended/Environment objects
	Types
	EO modeling types
· Option 1: EO-type 1
· Option 2: EO-type 2
· Option 3: EO-type 1 and 2
EO types
· FFS EO-type 1: Car, UAV, Tree 
· FFS EO-type 2: buildings, ground

	
	3D mobility
	FFS

	
	3D distribution
	FFS

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	FFS

	[Sensing area]
	

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	Tx/Rx – sensing target : [35] m
between sensing targets : [1] m
FFS Tx/Rx – unintended object
FFS between unintended objects


For human outdoor as sensing target, RAN1 study how to model the sensing target with Table 7 as starting point.

2.4 Automotive vehicles
Based on description of TR 37.885, the urban grid scenario focuses on highly dense vehicles placed in urban area where high network load and high UE density is. The highway scenario focuses on vehicles placed in highways with high speeds.
The two scenarios above will be worth noting discussions since they were not introduce in TR 38.901. However, the cell layout and geometries need to be checked. According to legacy study (TR 37.885), the cell layout are summarized in Table 8 and it need to be confirmed that the layout is still applicable to our sensing situation.

Table 8 – Cell layout for urban grid and Highway based on TR 37.885
	
	Urban grid
	Highway

	Cell layout
	Macro (BS placement as depicted in Figure A .1.3-1 in TR 36.885 with the road condition in Figure 6.1.9-1 in TR 38.913)
	Macro (straight line BS placement with road conditions in A.1.3 of TR 36.885)

	Geometry
	
[image: ]

	Option 1
[image: ]

Option 2
[image: ]



 In addition, the automotive vehicle as sensing target can be introduced to the basic outdoor scenario of TR 38.901, namely UMi, UMa and RMa. Even in the existing communication scenarios, there are already car deployment in the cell, and the speed (30 km/h) and car penetration loss are taken into account [8]. If RAN1 consider the evaluation perspective for sensing and communication system, studying only the above two scenarios will impose restrictions. Therefore, RAN1 also need to study the basic outdoor scenario of the TR 38.901 channel model.
As a sensing target, the characteristics of automotive vehicles can be discussed based on existing studies [4]. Among them, regarding 3D mobility, [4] assumed a speed range of 20 – 140 km/h. In addition to existing assumption in studies, the stationary vehicle (0 km/h) can be considered, as well. Based on this observation, the vehicle's speed and speed allocation method can be considered. On the other hand, the speed of a vehicle will vary depending on the application and the scenario considered for evaluation. For example, city driving and regular roads would require vehicle speeds of 20–60 km/h, while highway speeds would be greater than 80 km/h. Therefore, the speed of each vehicle needs to be determined according to each scenario.
In addition, the size of the vehicle may vary depending on the application. As defined in [4], passenger vehicles and buses can be considered representative examples. 

Table 9. Evaluation parameter for Automotive vehicles
	Parameters
	Value

	Applicable communication scenarios
	UMa, UMi, RMa, Urban grid, Highway

	Sensing transmitters and receivers properties
	Distributed BS and UE based on TR 38.901, TR37.885 and TR36.885

	Supported sensing modes
	All 6 sensing modes

	Sensing target
	Outdoor/indoor
	Outdoor

	
	3D mobility
	Velocity
· Option 1: Uniform distribution in the range of [0] – [140] km/h
· Option 2: Fixed velocity – [0, 20, 30, 40, 80, 100 and 140] km/h

	
	3D distribution
	Uniform 2D distribution in a cell (for UMa, UMi and RMa) Uniform 2D distribution taking into account direction in a lane of grid (for Urban grid and Highway referring to section 6.1.2 in [4])

	
	Orientation
	Directionality
· horizontal only

	
	Physical characteristics (e.g., size)
	Size
· passenger vehicle: length 5 m, width 2.0 m, height 1.6 m
· truck/bus: length 13 m, width 2.6 m, height 3 m

	Unintended/Environment objects
	Types
	EO modeling types
· Option 1: EO-type 1
· Option 2: EO-type 2
· Option 3: EO-type 1 and 2
EO types
· FFS EO-type 1: other car, human, UAV, tree
· FFS EO-type 2: buildings, ground

	
	3D mobility
	FFS

	
	3D distribution
	FFS

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	FFS

	[Sensing area]
	

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	Tx/Rx – sensing target : [35] m
For UMa and UMi,
· between sensing targets (passenger car) : [5] m + minimum distance 
· between sensing targets (truck/bus) : [11] m + minimum distance
· FFS minimum distance
For urban grid and highway
· between sensing targets : 2 m and exponential random variable with the average of the speed * 2 sec (referring to [4])
FFS Tx/Rx – unintended object
FFS between unintended objects



For automotive vehicle as sensing target, RAN1 discuss the detailed cell layout and geometries for urban grid and highway scenarios
RAN1 considers all the 5 scenarios for the case of automotive vehicles as sensing target
For automotive vehicle as sensing target, RAN1 study how to model the sensing target with Table 9 as starting point

2.5 Automated guided vehicles
Automated guided vehicle (AGV) are key components of the new smart factories, used for a variety of tasks such as heavy or hazardous materials transportation. Therefore, the indoor factory scenario should be considered without a doubt. 
 In addition, we can find the guide robots or delivery robots on the road or in places like huge shopping malls. These devices are being introduced not only to smart factories but also to indoor and outdoor environments, which are developed as automated areas. Therefore, as the starting point of the study, the sensing target need to be considered together in indoor office scenario.
As described in [6], the size (7.5 m x 2.5 m x 3.5 m) of AGV can be considered representative examples. 

 Table 10. Evaluation parameter for Automated guided vehicles
	Parameters
	Value

	Applicable communication scenarios
	Indoor office, Indoor factory

	Sensing transmitters and receivers properties
	Distributed BS and UE based on TR 38.901

	Supported sensing modes
	All 6 sensing modes

	Sensing target
	Outdoor/indoor
	indoor

	
	3D mobility
	Velocity
· Option 1: Uniform distribution in the range of 3 – [10] km/h
· Option 2: Fixed velocity – [3, 10] km/h

	
	3D distribution
	Uniform 2D distribution in a cell 

	
	Orientation
	Directionality
· horizontal only

	
	Physical characteristics (e.g., size)
	Size
· Typical engineering vehicle: 7.5 m x 2.5 m x 3.5 m

	Unintended/Environment objects
	Types
	EO modeling types
· Option 1: EO-type 1
· Option 2: EO-type 2
· Option 3: EO-type 1 and 2
EO types
· FFS EO-type 1: other AGVs, human
· [bookmark: _GoBack]FFS EO-type 2: FFS

	
	3D mobility
	FFS

	
	3D distribution
	FFS

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	FFS

	[Sensing area]
	

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	Tx/Rx – sensing target : [0] m
between sensing targets : [1] m
FFS Tx/Rx – unintended object
FFS between unintended objects



RAN1 includes the indoor office scenarios taking into account various types of AGV
For automated guided vehicle, RAN1 study how to model the sensing target with Table 10 as starting point

2.6 Objects creating hazards on roads/railways
Considering the definition of the sensing target and the layout of each scenario, the highway, urban grid and high-speed train (HST) discussed in RAN1 are appropriate. However, it is unclear what the object in the sensing target is considered. Therefore, before starting the discussion for detail of scenario, RAN1 need to first define which objects are being considered in this sensing target.
· Type #1: All of objects in the scope of RAN1 study: UAV, Human, Automotive vehicle, AGV
· Type #2: All of objects in the scope of RAN1 study + additional objects (e.g., animals, trains) 
· Type #3: Some objects in the scope of RAN1 study
As mentioned above, for objects creating hazards on roads/railways, it is necessary to first discuss which objects are considered in this study. On the other hand, if RAN1 considers the objects listed in this study as a starting point, the table below can reuse the parameters considered for each sensing target. Therefore, Table 7 can be discussed as a starting point.

Table 11. Evaluation parameter for objects creating hazards on roads/railways
	Parameters
	Value

	Applicable communication scenarios
	UMa, UMi, RMa, Urban grid, Highway, HST

	Sensing transmitters and receivers properties
	Distributed BS and UE based on TR 38.901, TR37.885

	Supported sensing modes
	All 6 sensing modes

	Sensing target
	Candidates of target
	· Option 1: All of objects in the scope of RAN1 study: UAV, Human, Automotive vehicle, AGV
· Option 2: All of objects in the scope of RAN1 study + additional objects (e.g., animals, trains) 
· Option 3: Some objects in the scope of RAN1 study

	
	Outdoor/indoor
	Outdoor

	
	3D mobility
	Velocity
· It can follow the 3D mobility assumption for each sensing targets
· FFS additional object’s 3D mobility

	
	3D distribution
	It can follow the 3D distribution assumption for each sensing targets
FFS additional object’s 3D distribution

	
	Orientation
	Directionality
· It can follow the orientation assumption for each sensing targets
· FFS additional object’s orientation

	
	Physical characteristics (e.g., size)
	Size
· passenger vehicle: length 5 m, width 2.0 m, height 1.6 m
· truck/bus: length 13 m, width 2.6 m, height 3 m

	Unintended/Environment objects
	Types
	EO modeling types
· Option 1: EO-type 1
· Option 2: EO-type 2
· Option 3: EO-type 1 and 2
EO types
· FFS 

	
	3D mobility
	FFS

	
	3D distribution
	FFS

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	FFS

	[Sensing area]
	

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	FFS



Discuss which types of sensing target is considered for objects creating hazards on roads/railways
For object creating hazards on roads/railways as sensing target, RAN1 study how to model the sensing target with Table 11 as starting point

3 Consideration for parameters
We discuss the detailed issues regarding the sensing entity, the sensing target and the background environment perspective.
3.1 Sensing target perspective
Number of targets
If the sensing targets are deterministically distributed in the cell, the distribution method should be considered. Among them, it is necessary to consider how many sensing targets can be distributed in a cell. This is because, considering one sensing instance, objects that are not of interest (i.e., objects that have been distributed as sensing targets but are not currently targeted) will be considered as background environments. Therefore, discussion for the number of sensing targets and environment objects in a cell is needed.
Discuss the number of sensing targets in a cell
Link between targets
Another valuable discussion is to consider the link between targets. For example, it can be assumed that there are two sensing targets distributed within a single cell and only one target is sensed. If the two sensing targets are located closely, a sensing target (not of interest) may appear as strong clutter. On the other hand, if the distance between sensing targets is long, the influence of a sensing target (not of interest) as clutter will decrease. Considering the reflective link between sensing targets will be a major factor in solid channel modeling. However, this consideration depends on 9.7.2 agreements whether multi-bounce between targets is considered or not. More details could refer to our companion contribution [7]. If target-target link is considered in channel modeling, it needs a study on the minimum distance between sensing targets as a starting point.
Discuss minimum distance between sensing targets
3.2 Background environment perspective
Link between target and background
Similar to what has been discussed in Section 3.2, links between target and background environment can be considered. If, in the channel modelling methodology, the signal transmitted to the sensing target is considered to reach only the sensing Rx through the sensing target, then the link between the target and the background can be neglected. However, in reality, the sensing signal reaching the sensing target will be reflected/scattered, which may result in a multi-bounce phenomenon where signals reach nearby objects. So, the link between the target and the background needs to be considered. Thus, RAN1 needs to discuss whether to consider the link between the target and the background, and if so, it needs to study the minimum distance between the target and the background.

Link between background and background
In addition, links between environment objects can be considered. A sensing signal sent by the sensing Tx can reach the sensing Rx through the environment objects rather than the sensing target. In addition, the sensing signal toward the environment object may be reflected/scattered, resulting in a multi-bounce phenomenon where signals reach nearby objects. Therefore, RAN1 needs to discuss whether to consider the link between background environments, and if so, it needs to study the minimum distance between backgrounds. In addition, it will be worth noting discussion about the number of environment object which will be distributed in a cell. 
Discuss whether link between sensing target and background environment is considered and necessity of definition of minimum distance between sensing target and environment object
Discuss whether link between deterministic background environments is considered and necessity of definition of minimum distance between deterministic environment object
Discuss the number of environment objects in a cell

3.3 Common channel parameter perspective
Deployment scenario/Layout
TR38.901 [2] considers 5 layouts including UMa, UMi, RMa, Indoor Office, and Indoor Factory. In this study, various sensing scenarios are considered, including indoor room, urban grids and highways. However, these layouts are not newly designed structures, but ones previously defined for evaluation purposes in various study items. Therefore, in a future technical report for channel model, the descriptions of these layouts and their respective features should be described with reference to previous studies (e.g., [4]).
RAN1 introduce all studied scenarios for ISAC in TR 38.901.

4 Sensing Modes
As shown in Figure 2, RAN has defined 6 sensing modes: TRP mono-static, TRP-TRP bi-static, TRP-UE bi-static, UE-TRP bi-static, UE-UE bi-static, UE mono-static in SID. In here, mono-static sensing refers to sensing where the sensing transmitter (Tx) and receiver (Rx) are located at the same entity. This operation can be considered identical to a full duplex mechanism in a communication environment. Bi-static sensing means that the sensing Tx and Rx are located on different entities. In addition, each sensing mode is defined according to which subject of the Tx and Rx is.
Given that this SI description takes into account 6 sensing modes as its baseline, it is better to build some common understanding on these sensing modes before starting a detailed study. There are two types to be considered as below:
· Type #1: In sensing modes, only the roles of BS and UE change as sensing Tx or sensing Rx, and the schemes/methodology of channel parameter generation can be applied regardless sensing mode (i.e., all 6 sensing mode)
· Type #2: In sensing modes, not only the roles of BS and UE but also the characteristics of each channel are different, so a different channel generation method should be applied for each sensing mode
[image: ]
Fig. 1 – illustration of 6 sensing modes

In channel parameter generation as specified in TR38.901, the generation of pathloss, LOS probability, multipath parameters (large-scale, small-scale) are essential to define the channel characters, while parameters like antenna configurations and height can be adjusted according to the corresponding entity deployment (e.g., whether it’s BS or UE)
  Thus, in the direction of type #1, regardless of the sensing mode, the calculation formulas for pathloss, LOS probability and multipath parameters all use legacy methods, but only the antenna configurations and height are changed according to what the sensing Tx and sensing Rx are. This is because, from the perspective of channel generation, the sensing Tx and sensing Rx are just one of the TRPs, and their respective channel characteristics may not change. On the other hand, in the direction of type #2, it is necessary to consider not only changing the antenna configurations and height for each sensing mode, but also updating the pathloss, LOS probability and multipath parameters accordingly. For comparison with BS-UE bi-static and BS-BS bi-static sensing mode in UMa scenario, the forward signals from BS (as sensing Tx) to target can be modelled with same methodology for both sensing mode. However, echo signal may have different characteristics. Considering the echo signal from the target to UE (as sensing Rx) in BS-UE bi-static sensing mode, the UEs may be distributed indoors or outdoors, and the height of the UEs may be varied. On the other hand, if the echo signal from the target to BS (as sensing Rx) in BS-BS bi-static mode, all BSs are outdoor, and their height are fixed. 
Then, since the statistical characteristics of pathloss, LOS probability and multipath channel parameters could be different, separate channel parameter generation scheme/methodology need to be considered. 
Discuss how to make working scope of channel modeling for 6 sensing modes and whether RAN1 need to focus on specific some of sensing mode considering with two types as below
· Type #1: a common channel modelling framework can be applied for all 6 sensing mode with some adaptation for each mode (e.g., sensing TX, RX change between BS and UE)
· Type #2: individual channel modelling should be studied for each sensing mode

5 Frequency Ranges
Frequency band is a critical factor for achieving optimal performance in sensing system as well as communication system. In particular, in the sensing, selecting the appropriate frequency band is important taking into account trade-off such as sensing coverage, sensing performance (range resolution availability for bandwidth and angular resolution availability for antenna array). Therefore, we need to explore the characteristics of each frequency bands such as FR1 (sub-6 GHz), FR2 (from 24 to 100 GHz) and new FR (from 7 to 24 GHz) and study whether it is essential to consider all available options when sensing channel is modelled.
· FR1: FR1 operates in the lower frequency range, offering better propagation through wall and other obstacles. As a result, it provides wider coverage compared to higher frequency band. However, from sensing precision perspective, it may lead to low range resolution because of its limited bandwidth. Additionally, beamforming are less effective
· FR2: FR2 operates in the higher frequency range compared to other bands (e.g., above 24 GHz), offering fast data transmission, but suffering from propagation through obstacles. Its high frequency means that it is highly susceptible to interference from physical objects in its path, leading to reduced signal quality and weaker connections over long distance. On the other hand, from sensing system perspective, high frequency allows for not only using of large bandwidth which can enhance high range resolution than FR1 and but also advanced beamforming performance which enable high angular resolution.
· New FR: it operates in the mid-band frequency range, providing balance between coverage and capacity. While it does not propagate as well through obstacles as FR1, it offers larger bandwidth and better beamforming performance than FR1. 
Given that advantages and disadvantages associated with each frequency band, it seems that no single option can meet all potential performance across different scenarios. Furthermore, the channel mode study needs to consider the future feasibility and performance evaluation possibility. Therefore, RAN1 need to discuss whether frequency bands in this study will be prioritized or open to all of availability.
The sensing channel model is the first content studied in RAN1. Therefore, new channel parameters can be introduced and modelled. For example, unlike a communication channel, a sensing channel has the purpose of identifying specific objects. Accordingly, it is necessary to consider about how to effectively express and model the characteristic of the object, e.g., Radar cross-section (RCS) used in the radar field can be introduced. The modelling of RCS value and reflection and scattering characteristics are dependent on the type of object as well as the frequency band in use. Thus, it’s important to study the parameter setting/generation which is frequency dependent. 
RAN1 supports the channel parameters for ISAC with possible frequency dependency
There is one point to note regarding channel modelling in terms of frequency bands. It is essential to subsequently validate the efficacy of such channel model via practical measurements and/or ray-tracing experiment. For example, when taking into account the collected data, even if measurement results for FR1 are available, without any measurement findings for FR2, it is difficult to guarantee the accuracy of channel model other than FR1, despite the current TR38.901 supporting channel modelling for 0.5 – 100 GHz. The main objective of this study is to lay the groundwork for future ISAC feasibility and performance evaluation, hence RAN1 need to build a solid channel model. Consequently, for frequency bands where measurement or ray-tracing experiment results are deficient, simple first order interpolation methods should be avoided.  
RAN1 study and model the ISAC channel considering validation of efficacy for frequency bands

6 Conclusion
1. RAN1 consider all of targets which are included in Rel-19 SIDwithout prioritization  
RAN1 consider unintended/environment objects modelling and specify the EO modeling type and the kind of EO for each sensing target
RAN1 de-prioritize the discussion of sensing area in channel modeling.  
For UAV as sensing target, RAN1 study all 3 deployment scenario (UMi, UMa and RMa) taking into account use cases and sensing channel characteristics
RAN1 refer the existing study TR 36.777 for the definition of parameters of UAV as sensing target 
For UAV as sensing target, RAN1 study how to model the sensing target with Table 2 as starting point.
For human indoor as sensing target, RAN1 discuss the basic layout for indoor scenario with Table 3, 4 and 5.
Discuss whether outdoor to indoor scenario (outdoor sensing Tx and indoor sensing Rx / indoor sensing Tx and outdoor sensing Rx) is considered for the case of human indoor as sensing target
For human indoor as sensing target, RAN1 study how to model the sensing target with Table 6 as starting point.
For human outdoor as sensing target, RAN1 study how to model the sensing target with Table 7 as starting point.
For automotive vehicle as sensing target, RAN1 discuss the detailed cell layout and geometries for urban grid and highway scenarios
RAN1 considers all the 5 scenarios for the case of automotive vehicles as sensing target
For automotive vehicle as sensing target, RAN1 study how to model the sensing target with Table 9 as starting point
RAN1 includes the indoor office scenarios taking into account various types of AGV
For automated guided vehicle, RAN1 study how to model the sensing target with Table 10 as starting point
Discuss which types of sensing target is considered for objects creating hazards on roads/railways
For object creating hazards on roads/railways as sensing target, RAN1 study how to model the sensing target with Table 11 as starting point
Discuss the number of sensing targets in a cell
Discuss minimum distance between sensing targets
Discuss whether link between sensing target and background environment is considered and necessity of definition of minimum distance between sensing target and environment object
Discuss whether link between deterministic background environments is considered and necessity of definition of minimum distance between deterministic environment object
Discuss the number of environment objects in a cell
RAN1 introduce all studied scenarios for ISAC in TR 38.901.
Discuss how to make working scope of channel modeling for 6 sensing modes and whether RAN1 need to focus on specific some of sensing mode considering with two types as below
· Type #1: a common channel modelling framework can be applied for all 6 sensing mode with some adaptation for each mode (e.g., sensing TX, RX change between BS and UE)
· Type #2: individual channel modelling should be studied for each sensing mode
RAN1 supports the channel parameters for ISAC with possible frequency dependency
RAN1 study and model the ISAC channel considering validation of efficacy for frequency bands
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Agreement on previous meetings
	RAN1#116

	Agreement
For progressing ISAC study, the following sensing targets and existing communication scenarios will be considered as a starting point:
· Note1: the table below does not imply that the sensing target will be placed at positions defined for UEs and BSs in the scenarios in the right column.
· Note2: the table below does not imply that UEs are necessarily placed at positions defined for UEs in the scenarios in the right column.
· Note3: the existing communication scenarios are listed with the intent to use the evaluation parameters defined for those scenarios, as a starting point.
	Sensing Targets
	scenarios 

	UAVs
	RMa-AV, UMa-AV, UMi-AV (TR 36.777) 

	Humans indoors
	InF, Indoor Office, [Indoor Room (TR 38.808)], [UMi, UMa]

	Humans outdoors
	UMi, UMa, [RMa]

	Automotive vehicles (at least outdoors)
	Highway, Urban grid, UMa, UMi, RMa

	Automated guided vehicles (e.g. in indoor factories)
	InF

	Objects creating hazards on roads/railways (examples defined in TR 22.837)
	Highway, Urban grid, HST




	
Agreement
For ISAC channel modelling, RAN1 uses the sensing related terminology as defined in TS22.137 or TR22.837 as a starting point for discussion purposes with the following definitions: 
· Sensing transmitter: the TRP or a UE that sends out the sensing signal which the sensing service will use in its operation. A sensing transmitter can be located in the same or different TRP or a UE as the sensing receiver.
· Sensing receiver: the TRP or a UE that receives the sensing signal which the sensing service will use in its operation. A sensing receiver can be located in the same or different TRP or a UE as the sensing transmitter.
· Sensing target: target that need to be sensed by deriving characteristics of the objects within the environment from the sensing signal.
· Background environment: background (clutter and/or environmental objects) that are not the sensing target(s).
· Mono-static sensing: sensing where the sensing transmitter and sensing receiver are co-located in the same TRP or UE.  
· Bi-static sensing: sensing where the sensing transmitter and sensing receiver are in different TRPs or UEs. 
· Multi-static sensing: sensing where there are multiple sensing transmitters and/or multiple sensing receivers, for a sensing target.
· Sensing signal: Transmissions on the 3GPP radio interface that can be used for sensing purposes.

	RAN1#116bis

	Agreement
RAN1 agrees the following ISAC terminology with minor modifications as follows:
For ISAC channel modelling, RAN1 uses the sensing related terminology as defined in TS22.137 or TR22.837 as a starting point for discussion purposes with the following definitions: 
1. Sensing transmitter: the TRP or a UE that sends out the sensing signal which the sensing service will use in its operation. A sensing transmitter can be located in the same or different TRP or a UE as the sensing receiver.
2. Sensing receiver: the TRP or a UE that receives the sensing signal which the sensing service will use in its operation. A sensing receiver can be located in the same or different TRP or a UE as the sensing transmitter.
3. Sensing target: target that need to be sensed by deriving characteristics of the objects within the environment from the sensing signal.
4. Background environment: background (clutter and/or environmental objects) that are not the sensing target(s).
5. Mono-static sensing: sensing where a sensing transmitter that transmits a sensing signal and a sensing receiver that receives the sensing signal are co-located in the same TRP or UE.  
6. Bi-static sensing: sensing where a sensing transmitter that transmits a sensing signal and a sensing receiver that receives the sensing signal are not co-located in the same TRP or UE. 
7. Multi-static sensing: sensing where there are multiple sensing transmitters and/or multiple sensing receivers, for a sensing target.
8. Sensing signal: Transmissions on the 3GPP radio interface that can be used for sensing purposes

Agreement
Any TRP and/or UE location in the corresponding communication scenario can be selected as sensing transmitters and receivers locations. FFS: other possible sensing transmitters and receivers locations.

Agreement
The following table can be used by companies to propose values for each sensing target
· Additional parameters/rows can be added if needed

Table x. Evaluation parameter template for sensing scenarios
	Parameters
	Value

	Applicable communication scenarios
	

	Sensing transmitters and receivers properties
	

	Supported sensing modes
	

	Sensing target
	Outdoor/indoor
	

	
	3D mobility
	

	
	3D distribution
	

	
	Orientation
	

	
	Physical characteristics (e.g., size)
	

	[Unintended/Environment objects]
	Types
	

	
	3D mobility
	

	
	3D distribution
	

	
	Orientation
	

	
	Physical characteristics (e.g., size)
	

	[Sensing area]
	

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
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