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Integrated sensing and communication (ISAC) is widely known as a key capability for 5.5G and 6G communication system to facilitate the commercial use in vertical industries. Recently, a list of promising ISAC use cases was provided by SA1 [1]. Therefore, it is important to establish a solid channel modelling framework to enable evaluation of sensing techniques. In [2], a Rel-19 study item on channel modelling for ISAC was approved, focusing on object detection and/or tracking. The following sensing objects are selected as the example target use cases:
· 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
A total number of six sensing modes (TRP-to-TRP bi-static, TRP monostatic, TRP-to-UE bi-static, UE-to-TRP bi-static, UE-to-UE bi-static, UE monostatic) are to be studied. The primary frequency range is 0.5 to 52.6 GHz, with the assumption that the modelling approach should scale to 100 GHz if feasible.
In this contribution, we discuss the details of ISAC deployment scenarios corresponding to the above use cases. Our views on channel modeling details can be found in our companion paper [3].
Discussion
General principle
Currently, the following scenarios have been defined in Clause 7.2 of TR 38.901[4], at least for the purpose of channel calibration:
· Urban Micro (UMi)-street canyon
· Urban Macro (UMa)
· Indoor-office
· Rural Macro (RMa)
· Indoor-Factory (InF)
For each scenario, a set of simulation parameters are defined, e.g., cell layout, BS antenna height, UT location, indoor UT ratio, UT mobility, UT distribution, etc. 
Note that the above scenarios have been widely used in many NR topics. When identifying the details of the deployment scenarios for each ISAC use case, we should reuse current scenarios in TR 38.901 as much as possible. One important reason is that such scenarios are the most concentrated ones for wireless communication. Higher interest is attracted in these scenarios for provision of sensing capabilities. Another reason is to reduce unnecessary workload, as very limited TU is allocated for ISAC channel modeling. New scenarios/ configurations/ parameters shall only be introduced if indeed necessary.
Proposal 1: Reuse scenarios defined in TR 38.901 for ISAC as much as possible. New scenarios/ configurations/ parameters shall only be introduced if indeed necessary.
Details of deployment scenarios
In this section, we provide our views on detailed deployment scenarios of each use case. Note that our views on prioritized scenarios for each use case are discussed in Section 2.3.
In the following sub-sections, regarding scenario, we focus on the assumptions of communication systems such as layout, ISD, BS configuration, etc. Additionally, we discuss the characteristics of sensing target such as size, mobility, distribution.
UAV
Scenario
Sensing a UAV is mainly for the purpose of regulation, e.g. to detect whether a UAV appears in a no-fly zone. Hence, UAV only fits outdoor scenarios. Obviously, the most suitable sensing modes for UAV are TRP monostatic and TRP-to-TRP bi-static. It is unlikely that a UE (maybe also in a form of UAV) can always be near the sensed UAV and thus provide sensing service or coordination (e.g. UE-to-TRP bi-static). As a starting point, current scenarios of UMi-street canyon, UMa, RMa can all be considered for UAV use case. 
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It may be worth noting that there was some study on supporting UAV in LTE, though UAV is considered as communication device (i.e. aerial UE) in the study [5]. During the study, it was recognized that the BS antenna down-tilt may not be the same compared to the case when BS only needs to serve UEs on the ground (e.g. 102 degree for UMa). A smaller down-tilt degree may be considered since the BS may need to point its beam into the air. In [5], BS antenna down-tilt angle is reported by companies. As shown in Figure 1, TRP Tx beam down-tilt for sensing UAV may be different. Hence, if evaluation/calibration is considered, the BS antenna down-tilt may be adjusted, or up to companies.
Proposal 2: For UAV case, the scenarios of UMi-street canyon, UMa and RMa in TR 38.901 can be considered.
· BS antenna down-tile may be adjusted or up to companies, when evaluation/calibration is considered.
Target related parameters
Characterizing the characteristics of sensing target in terms of size, flight height, mobility, etc. is important since they determine many aspects in channel modelling, such as pathloss and LOS probability. For UAV, fortunately TR 36.777 [5] already captures most notable characteristics, including: maximum flight height, horizontal speed, minimum distance between BS and UAV, LOS probability and so on. Characteristics and parameters of UAV in TR 36.777 [5] should be reused. In addition, we suggest:
· The maximum flight height of UAV is extended from 300 m (in TR 36.777 [5].) to 600 m. The motivation comes from the regulation that most civil UAVs are not allowed to fly higher than 300 m. Therefore, a UAV flying above 300 m should be detected and continuously monitored. 
· Consider 3~4 reference sizes for UAV. The typical UAV size (Length x Width x Height) is 1.6m x 1.5m x 0.7m as mentioned in [1]. However, according to our preliminary research, UAV sizes may vary from 0.15m x 0.15m x 0.1m to 3m x 3m x 1m, which can be further categorized as {mini, small, medium, large}. This will impact the modeling of Radar Cross Section (RCS). 
Proposal 3: The following aspects are considered for characterizing UAV.
· Characteristics and parameters of UAV in TR 36.777;
· Maximum flight height up to 600m;
· 3~4 reference sizes (Length x Width x Height) vary from 0.15m x 0.15m x 0.1m to 3m x 3m x 1m.
Humans indoors and outdoors
Scenario
Sensing human is a kind of typical scenarios of indoors and outdoors. The major function is intruder detection and tracking. The sensing signal can be transmitted by TRP, and then the TRP/UE receives the signaling reflected by intruder. By analyzing the sensing information such as Doppler frequency shift, delay (time of flight) or phase changing, the behavior of human could be detected. The following sensing results can be included: 
· Detection indication: whether an unexpected human occurs or not.
· Position information: the position of unexpected human.
· Trajectory: the route of unexpected human.
In [4], the deployment scenarios of indoors and outdoors are defined. The indoor scenario includes indoor-office, and indoor-factory (InF). The outdoor scenario includes UMi, Uma, and RMa. For the case of humans sensing, the scenario of indoor-office/InF and UMi/UMa can be considered. For the RMa scenario with ISD of 1732 m or 5000 m, it is difficult to obtain the expected sensing result due to weak reflecting signals for large pathloss between the TRP and sensing target.
Proposal 4: For humans indoors and outdoors case, the scenarios of Indoor-office, InF, UMi-street canyon and UMa can be considered. 
Target related parameters
For achieving sensing channel modeling, the sensing target related parameter should be defined. The necessity parameters include velocity of human, and size of human which will impact RCS, pathloss, and also LOS probability.
· Human velocity: 0-20 km/h
It is noted that in [4], the velocity is defined as 3 km/h for generating Doppler frequency shift. For human sensing, the activity may be various, such as walking slowly, running fast, or standing statically, especially for outdoor. Thus we suggest that the velocity can be extended to 0-20 km/h.
· Humane size: 2~3 reference sizes.
The human can be categorized as children and adult. For example, children size is 0.2m * 0.3m * 1m, adult size is 0.3m * 0.4m * 1.7m.
Proposal 5: The following aspects are considered for characterizing humans indoors and outdoors.
· Human velocity (e.g. 0-20 km/h);
· 2-3 reference human sizes (e.g. children and adult) vary from 0.2m x 0.3m x 1m to 0.3 x 0.4m x 1.7m.
Automotive vehicles
Scenario
Automotive vehicles include traditional vehicles driven by human and autonomous driving without human. The traditional vehicles are as sensing target for regulation. For autonomous driving, it will become popular in the future. To support autonomous driving, the vehicle will be equipped with sensing devices, such as cameras and Radar. But in most cases, the sensors of vehicle will be blocked by surrounding objects and sensors cannot get enough information to determine the operation of driving. Fortunately, the nearby TRP can perform procedure of sensing and give environment information to the vehicle, where the environment information will improve driving safety and efficiency. The sensing results can be as following:
· Velocity: The velocity of automotive vehicles. 
· Position information: the position of the automotive vehicle.
· Surrounding objects: The number and type of vehicles surrounding the automotive vehicle.
· Distance: The distance between vehicle surrounding and the automotive vehicle.
For the case of automotive vehicles case, the deployment can focus on outdoors scenarios, including UMi, UMa, and RMa as defined in [4]. For the indoor office scenario (e.g. for indoor parking), there is no strong motivation to support at least for Rel-19. For indoor factory scenario, it can be replaced by AGV scenario as described in section 2.2.4.
Proposal 6: For automotive vehicles case, the scenarios of UMi-street canyon, UMa and RMa can be considered.
Target related parameters
In [6], three vehicle Types are identified, and UE drop/mobility modeling are also defined for Vehicle-to-Everything (V2X) as follows.
	Three vehicle types are defined as follows:
-	Type 1 (passenger vehicle with lower antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 0.75 meters
-	Type 2 (passenger vehicle with higher antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 1.6 meters
-	Type 3 (truck/bus): length 13 meters, width 2.6 meters, height 3 meters, antenna height 3 meters
Vehicles are dropped according to the following process:
-	The distance between the rear bumper of a vehicle and the front bumper of the following vehicle in the same lane is max {2 meter, an exponential random variable with the average of the speed * 2 sec}.
-	All the vehicles in the same lane have the same speed.
-	Vehicle type distribution is not dependent of the lane.
The following UE dropping options are supported for the highway scenario:
-	Option A
-	Vehicle type distribution: 100% vehicle type 2.
-	Clustered dropping is not used.
-	Vehicle speed is 140 km/h in all the lanes as baseline and 70 km/h in all the lanes optionally.
-	Option B
-	Vehicle type distribution: 20% vehicle type 1, 60% vehicle type 2, 20% vehicle type 3.
-	Clustered dropping is not used.
-	Vehicle speed in each lane is as follows:
-	Speed in Lane 1: 80km/h
-	Speed in Lane 2: 100km/h 
-	Speed in Lane 3: 140km/h 
-	Speed in Lane 4: 40km/h 
-	Speed in Lane 5: 30km/h 
-	Speed in Lane 6: 20km/h
-	Option C
-	Vehicle type distribution: 0% vehicle type 1, 67% vehicle type 2, 33% vehicle type 3.
-	Clustered dropping is used. Each cluster consists of 6 Type 3 vehicles with a gap of 2 meters.
· Vehicle speed is 140 km/h in all the lanes.


The deployment of automotive vehicles is very similar to V2X, especially in high way scenario. For channel modeling, the above definitions can be as baseline.
Proposal 7: The characteristics captured in TR 37.885 (e.g. vehicle types/sizes, dropping, mobility) can be considered for characterizing Automotive vehicles.
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Scenario
Automated guided vehicles (AGVs) are key equipment in the modern factory. For enabling AGVs to finish predefined task such as materials transportation and distribution, and enabling human workers to have enough safety, the sensing function of NR can give surrounding information to AGV. With this surrounding information, AGVs can detect and avoid static or dynamic obstacles appearing in the path of travel direction. The sensing results can be as following:
· Obstacle detecting: Detecting whether there is an obstacle in the path of travel direction.
· Distance: The distance between AGV and the potential obstacle.
· Trajectory: Mobility parameter of obstacle (e.g. velocity and direction).
The following 5 indoor factory types are defined in [4], which can be reused for AGVs. 
· InF-SL: Indoor Factory with Sparse clutter and Low base station height (both Tx and Rx are below the average height of the clutter)
· InF-DL: Indoor Factory with Dense clutter and Low base station height (both Tx and Rx are below the average height of the clutter)
· InF-SH: Indoor Factory with Sparse clutter and High base station height (Tx or Rx elevated above the clutter)
· InF-DH: Indoor Factory with Dense clutter and High base station height (Tx or Rx elevated above the clutter)
· InF-HH: Indoor Factory with High Tx and High Rx (both elevated above the clutter)
Proposal 8: For AGV case, the scenario of InF (including 5 types sub-cases) defined in TR 38.901 can be considered.
Target related parameters
For achieving channel modeling, the AGVs related characteristics should be defined, which can include velocity, size and predefined travel path. The examples are listed as follows:
· AGV speed: <30km/h.
· Trajectory: regular, e.g. linear motion, or turn with a fixed degree (e.g. 90 degree).
· AGV sizes: 3 reference sizes (small, medium, large), which will impact RCS. Some examples:
· Small: 0.5m * 0.5m * 0.5m.
· Medium: 1.5m * 1m * 1m.
· Large: 2.5m * 1.5m * 2m.
Proposal 9: The following aspects are considered for characterizing AGV.
· AGV speed: <30km/h. 
· Trajectory: regular, e.g. linear motion, or turn with a fixed degree (e.g. 90 degree).
· AGV sizes: 3 reference sizes (small, medium, large).
Objects creating hazards on roads/railways
Scenario
This use case is more complicated since it is mixing two different sub use cases, i.e. objects on roads/highway and objects on railway. Moreover, there is no scenario in TR 38.901 that can directly apply to this use case. For cleaner discussion, we analyze the scenarios case-by-case:
· Railway: For this sub use case, the scenario can refer to ‘High Speed Train’ defined in TR 38.802 [7]. This may be viewed as a special macro scenario (ISD=1732m) with a dedicated BS layout, in which the BS is linearly deployed along railway line. Specifically, there are two layout options, Macro only (Option 1) and Macro + relay nodes (Option 2). We slightly prefer Macro only (Option 1) for simplicity.
· Roads/highway: For this sub use cases, the scenario can refer to ‘Highway for eV2X’ defined in TR 37.885 [6]. Similar to railway case, the BS is placed in a straight line along with the road. For simplicity we prefer Macro only too. Note that TR 38.802 also captures a ‘Highway for eV2X’ scenario, with very similar content. And both TR 37.885 and TR 38.802 have referred to TR 36.885 when defining ‘Highway for eV2X’ [8].
Proposal 10: For the use case of objects creating hazards on roads/railways,
· ‘High Speed Train’ defined in TR 38.802 is considered as the scenario for railway-related objects.
· ‘Highway for eV2X’ defined in TR 37.885 is considered as the scenario for road/highway-related objects.
Target related parameters
Compare to other use cases, more clarification is needed to refine the so-called sensing targets here. It is roughly recognized that the higher frequency it is, the smaller size can be sensed. Considering that the channel model shall be defined for both FR1 and FR2, we can consider FR1 as baseline. The objects that can be detected in FR1 shall also be detected in FR2, but the converse is not true.
In this use case, it seems more important to detect the abnormal behavior or danger in railway or road/highway. Therefore, the train itself and the normal vehicle are not the only interested objects. We consider the following objects for railway and highway, respectively.
· Railway: The following objects shall be sensed when they are within the concerned area (e.g. prohibited area around the railway).
· Pedestrian, 
· Vehicle. The parameters can refer to TR 37.885.
· Animal. The size can be from small dogs to large bulls. The speed can be between pedestrian and vehicle.
· Bicycle/motorcycle. The speed can be 20 km/h, and the size is between pedestrian and vehicle.
· Obstacle that has comparable size and/or speed to the objects above. 
· Road/highway 
· All the objects that considered for railway case. 
· Vehicle with abnormal parameters. For example, vehicle with abnormal size (oversize vehicle), vehicle with abnormal speed (too slow or too fast for the highway), or vehicle with abnormal direction (vehicle that out of control)
Proposal 11: The following objects are considered for railway and road/highway.
· Railway: Pedestrian, vehicle, animal, bicycle/motorcycle, and any other obstacle that has comparable size and/or speed to the previous objects. 
· Road/highway: All the objects that considered for railway, and also vehicles with abnormal parameters (e.g. size, speed, direction).
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Our views on prioritized scenarios, sensing modes and frequency range for each use case are given in Table 1. 
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	Sensing targets
	Prioritized combination

	
	Scenario
	Sensing mode
	Frequency range

	UAV
	UMa, RMa
	TRP monostatic, TRP-to-TRP bi-static
	FR1

	Humans
	Outdoor
	UMa, UMi
	TRP monostatic, TRP-to-TRP bi-static, UE-to-TRP bi-static, TRP-to-UE bi-static
	FR1

	
	Indoor
	Indoor-office
	TRP monostatic, TRP-to-TRP bi-static, UE-to-TRP bi-static, TRP-to-UE bi-static, UE-to-UE bi-static
	FR2, FR1

	Automotive vehicles
	UMa, UMi
	TRP monostatic, TRP-to-TRP bi-static, UE-to-TRP bi-static, TRP-to-UE bi-static, UE monostatic, UE-to-UE bi-static (see Note 1)
	FR1

	AGV
	InF
	TRP monostatic, TRP-to-TRP bi-static
	FR2, FR1

	Hazarding objects
	Road/ highway
	UMa
	TRP monostatic, TRP-to-TRP bi-static, UE-to-TRP bi-static, TRP-to-UE bi-static (see Note 1)
	FR1

	
	railway
	UMa
	TRP monostatic, TRP-to-TRP bi-static
	FR1

	*Note 1: UE may be vehicle or normal UE in this use case


In Table 1, the following aspects have been taken into consideration:
· UMa is considered as the most interested scenario for all outdoor cases. In the future, if we need to evaluate the performance of sensing multiple kinds of targets (e.g. human + vehicle), UMa may be focused.
· TRP monostatic, TRP-to-TRP bi-static can be applied to every use case. Such kind of sensing is independent on UE deployment. Specifically, for UAV and railway scenario, it is impossible to ensure that there will always be a UE near the sensing target. Thus TRP-only sensing modes are considered in these two use cases.
· UE monostatic is not considered in human indoor use case, since a cellphone device is unlikely to support monostatic sensing. However, in automotive vehicle use case, the ‘UE’ may be in a form of vehicle, which may be able to support monostatic sensing.
· Considering the coverage, FR1 is prioritized in outdoor cases, while FR2 is prioritized in indoor cases.
Due to the limited TU, further down-selection is also considerable.
Proposal 12: Consider the prioritized scenarios, sensing modes and frequency range for each use case in Table 1.
Conclusion
In this contribution, we discuss the detailed scenarios of each use case for ISAC. The proposals are summarized as follows:
Proposal 1: Reuse scenarios defined in TR 38.901 for ISAC as much as possible. New scenarios/ configurations/ parameters shall only be introduced if indeed necessary.
Proposal 2: For UAV case, the scenarios of UMi-street canyon, UMa and RMa in TR 38.901 can be considered.
· BS antenna down-tile may be adjusted or up to companies, when evaluation/calibration is considered.
Proposal 3: The following aspects are considered for characterizing UAV.
· Characteristics and parameters of UAV in TR 36.777;
· Maximum flight height up to 600m;
· 3~4 reference sizes (Length x Width x Height) vary from 0.15m x 0.15m x 0.1m to 3m x 3m x 1m.
Proposal 4: For humans indoors and outdoors case, the scenarios of Indoor-office, InF, UMi-street canyon and UMa can be considered. 
Proposal 5: The following aspects are considered for characterizing humans indoors and outdoors.
· Human velocity (e.g. 0-20 km/h);
· 2-3 reference human sizes (e.g. children and adult) vary from 0.2m x 0.3m x 1m to 0.3 x 0.4m x 1.7m.
Proposal 6: For automotive vehicles case, the scenarios of UMi-street canyon, UMa and RMa can be considered.
Proposal 7: The characteristics captured in TR 37.885 (e.g. vehicle types/sizes, dropping, mobility) can be considered for characterizing Automotive vehicles.
Proposal 8: For AGV case, the scenario of InF (including 5 types sub-cases) defined in TR 38.901 can be considered.
Proposal 9: The following aspects are considered for characterizing AGV.
· AGV speed: <30km/h. 
· Trajectory: regular, e.g. linear motion, or turn with a fixed degree (e.g. 90 degree).
· AGV sizes: 3 reference sizes (small, medium, large).
Proposal 10: For the use case of objects creating hazards on roads/railways,
· ‘High Speed Train’ defined in TR 38.802 is considered as the scenario for railway-related objects.
· ‘Highway for eV2X’ defined in TR 37.885 is considered as the scenario for road/highway-related objects. 
Proposal 11: The following objects are considered for railway and road/highway.
· Railway: Pedestrian, vehicle, animal, bicycle/motorcycle, and any other obstacle that has comparable size and/or speed to the previous objects. 
· [bookmark: _GoBack]Road/highway: All the objects that considered for railway, and also vehicles with abnormal parameters (e.g. size, speed, direction).
Proposal 12: Consider the prioritized scenarios, sensing modes and frequency range for each use case in Table 1.
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