
3GPP TSG RAN WG1 #116		                                                                   R1-2400759
Athens, Greece, Feb 26th – Mar 1st, 2024

Source:	CICTCI
[bookmark: Title][bookmark: _GoBack]Title:	Discussion on deployment scenarios for Integrated Sensing and Communication 
[bookmark: Source]Agenda Item:	9.7.1
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
[bookmark: _Hlk156981220]In RAN#102 meeting, a new study item, channel modelling for integrated sensing and communication (ISAC) for NR, was approved in RP-234069 [1]. The objective of this study item is to define channel modelling aspects to support object detection and/or tracking and to enable them to be distinguished from unintended objects. The following table lists the detailed objectives related to RAN1.
	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, the target use cases and deployment scenarios for Integrated Sensing and Communication are discussed. The corresponding channel modelling method can be found in our contribution [2].

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Target use cases
The development of ISAC aims to provide multiple functions like positioning, object detection and tracking which can provide gains from the perspective of device integration level and sensing capability expansion. In TR 22.837, 32 use cases are defined with elaborate user story and potential new requirement [3]. Part of typical use cases are listed in the following table corresponding to the example objects listed in the SID. To realize such use cases, the capability of object detection, tracking or both of them should be supported for ISAC. And the sensing transmitter/receiver can be base station (BS) or UE. Similarly, UE-type road side unit (RSU) may also be considered as sensing transmitter/receiver which can transmit or receive sensing signal to detect intruder on highway.
Table 1: Use case categories related to example objects in the SID
	Object
	Related use case
	Object detection
	Tracking
	Transmitter/ receiver type

	UAV
	Sensing for UAV intrusion detection
	√
	-
	BS

	
	UAV flight trajectory tracing
	-
	√
	BS

	
	Network assisted sensing to avoid UAV collision
	-
	√
	BS

	Human indoors/outdoors
	Intruder detection in smart home
	√
	-
	BS or UE

	
	Immersive experience based on sensing
	-
	√
	BS or UE

	
	Sensing for tourist spot traffic management
	√
	-
	BS

	
	Intruder detection in surrounding of smart home
	√
	-
	BS or UE

	Automotive vehicles
	Sensing assisted automotive manoeuvring and navigation
	√
	√
	BS or UE (e.g., RSU)

	
	Sensing for parking space determination
	√
	-
	BS or UE (e.g., RSU)

	
	Vehicle sensing for ADAS
	√
	√
	BS or UE

	Automated guided vehicles (AGV)
	AGV detection and tracking in factories
	√
	√
	BS or UE

	
	Integrated sensing and positioning in factory hall
	√
	√
	BS or UE

	Objects creating hazards on road/railways
	Sensing for Railway intrusion detection
	√
	-
	BS or UE (e.g., RSU)

	
	Sensing at crossroads with/without obstacle
	√
	-
	BS or UE (e.g., RSU)

	
	Pedestrian/animal intrusion detection on a highway
	√
	-
	BS or UE (e.g., RSU)

	
	Blind spot detection
	√
	-
	BS or UE (e.g., RSU)


Observation 1: For the use cases corresponding to the example objects listed in the SID, the sensing transmitter or receiver can be BS or UE. 
As shown in Table 1, several use cases are defined per category and may correspond to different deployment scenarios, such as parking lot, highway or urban for automotive vehicles. It is difficult to realize and evaluate every use case in Rel-19 ISAC. Thus, the following prioritized use cases, where one or two deserved use case are selected for each category in Table 1, which can be treated as the starting point to minimize the complexity of deployment scenario designs. 
· Sensing for UAV intrusion detection, with BS as the sensing transmitter or receiver
· Intruder detection in surrounding of smart home, with BS or UE-type RSU as the sensing transmitter or receiver
· Sensing assisted automotive manoeuvring and navigation, with BS or UE-type RSU as the sensing transmitter or receiver
· Vehicle sensing for ADAS, with BS or UE as the sensing transmitter or receiver
· AGV detection and tracking in factories, with BS (or UE, optionally) as the sensing transmitter or receiver
· [bookmark: _Hlk157763239]Pedestrian/animal intrusion detection on a highway, with BS or UE-type RSU as the sensing transmitter or receiver
Proposal 1: To minimize to complexity of deployment scenario designs, the following use cases can be prioritized in Rel-19 ISAC.
· Sensing for UAV intrusion detection, with BS as the sensing transmitter or receiver
· Intruder detection in surrounding of smart home, with BS or UE-type RSU as the sensing transmitter or receiver
· Sensing assisted automotive manoeuvring and navigation, with BS or UE-type RSU as the sensing transmitter or receiver
· Vehicle sensing for ADAS, with BS or UE as the sensing transmitter or receiver
· AGV detection and tracking in factories, with BS (or UE, optionally) as the sensing transmitter or receiver
· Pedestrian/animal intrusion detection on a highway, with BS or UE-type RSU as the sensing transmitter or receiver

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Deployment scenarios
According to the SID [1], the study on Rel-19 ISAC should focus on object detection and/or tracking. Therefore, designs on deployment scenarios of the following example objects are discussed separately in this section.
· UAV
· Humans indoors/outdoors
· Automotive vehicles
· Automated guided vehicles (AGV)
· [bookmark: _Hlk156982769]Objects creating hazards on roads/railways
UAV
The commercialization of UAV has been accelerated to achieve extensive usage such as unmanned delivery and emergency relief. But conversely, the illegal intrusion by the UAV in the restricted area will cause some unexpected consequences. Thus, the timely detection of the intruder is of great importance. In such case, it is more suitable that the stationary BS transmits the sensing signal and judges the intrusion. 
The deployment scenario for aerial vehicles (AV) is defined in TR 36.777 including UMi, UMa and RMa that can be treated as a starting point for UAV study in Rel-19 ISAC [4]. In TR 36.777, different values of penetration rate for UAV are defined. Since the sensing target is UAV, hence at least case 1 (0%, corresponding to Naerial=0) should be removed from the candidate options.  Besides, considering the intrusion behavior will not occur frequently, case 3 should be prioritized in Rel-19 ISAC that one UAV is introduced per sector. Other parameters related to sensing target are listed in Table 2. 
Table 2: Parameters for sensing target in UAV scenario
	Parameter
	UAV scenario

	UAV height
	· Uniformly distributed between 1.5m and 300m
· Optionally, fixed height value chosen from {50, 100, 200, 300} m.
· Other optional fixed height values are not precluded.

	Number of total UEs per sector
	· 15

	Aerial UE ratio
	· Case 3 is prioritized: 7.1% (corresponding to Naerial = 1)

	UAV mobility (horizontal plane only)
	· 16km/h

	UAV size
	· 1.6m*1.5m*0.7m


Proposal 2: The deployment scenario including UMi, UMa and RMa for aerial vehicles in TR 36.777 can be treated as a starting point for UAV scenario in Rel-19 ISAC. 
· It is preferred that one target UAV is modelled per sector, i.e., the ratio of UAV is 7.1%.

Humans indoors/outdoors
Detection or tracking for humans can help to keep the private property secure when danger occurs or provide fantastic immersive entertainment experience in smart home. Rel-19 ISAC is expected to achieve such functionality through analyzing the difference between original wireless signal and corresponding reflective signal. 
Smart home scenario has not been modelled by 3GPP yet unfortunately and it is not a rational way to design a new scenario at current stage considering the limited TU allocated for Rel-19 ISAC. In legacy deployment scenarios defined in 3GPP, human is modelled in indoor-office, UMi, UMa, RMa, indoor-factory and V2X urban scenarios. For V2X urban scenario, 9 blocks are modeled in the simulation area which are much more consistent with smart home [5]. Thus, V2X urban scenario defined in TR 37.885 is preferred to be considered as a substitute from the perspective of scenario modeling for smart home. And in such scenario, both BS and RSU which is located at the center of intersection can be treated as the sensing transmitter or receiver.
In TR 37.885, the pedestrian/human dropping model is presented as in Table 3. However, the density of pedestrian is preferred to be a lower level in Rel-19 ISAC to match the user story (such as the dropped pedestrian/human can be treated as the intruder in the use case of intruder detection in surrounding of smart home) and reduce the complexity of sensing system. Besides, the typical size for human can refer to the definition in TR 22.837 which is 0.5m×0.5m×1.75m.
Table 3: Dropping model for pedestrian/human in V2X urban scenario in TR 37.885
	· Pedestrian UE dropping using equally spaced along the sidewalk with a fixed inter-pedestrian X m dropped 
· Total number of pedestrian UEs is 500
· Pedestrian UE is in the middle of the sidewalk
· The inter-pedestrian UE distance (m) (i.e., X) is calculated by ‘A/500’, where ‘A’ is the total length of sidewalk where the pedestrian UEs are dropped under the assumption of ‘N’ road grids (i.e., ‘{(250m – 17m) + (433m – 17m)} * 2 * N’). For example, if the pedestrian UEs are dropped in ‘14’ road grids, the inter-pedestrian UE distance (m) is ‘36.344’.
· Companies should explain how many road grids (i.e., ‘N”) are assumed in the evaluation.
· Pedestrian UE speed is 3 km/h


Proposal 3: Urban scenario in TR 37.885 can be treated as a starting point for human modelling in Rel-19 ISAC.
· It is preferred to update the density of pedestrian/human to a lower level.

Automotive vehicles
To enable “smart vehicle” and “intelligent road”, more sensing devices are equipped in vehicles or at roadside infrastructure to obtain information, such as location, speed and driving maneuver. Currently, the development tendency is that more single-function devices, such as camera and radar, are equipped at the expense of higher cost. ISAC as an emerging technology can bring the device integration gain to realize positioning, tracking or imaging. Both vehicle and RSU can be treated as the sensing transmitter for different applied use cases, such as the stationary RSU can be the sensing transmitter and receiver for use case of sensing assisted automotive maneuvering and navigation, vehicles can be the sensing transmitter and receiver for use case of vehicle sensing for ADAS.  
The evaluation methodology for NR-V2X has been defined in TR 37.885 [5]. Three types of vehicles have been defined and are randomly dropped along the road in highway scenario or urban scenario based on exponential random inter-UE distance with the average of the speed * 2 sec. 
· 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
From our perspective, both the urban scenario and the highway scenario can be used, but to simplify the deployment scenario, the highway scenario can be prioritized in the first release of ISAC. Furthermore, considering that the location, driving strategies or other sensing information may be obtained by existed technologies, such as NR-V2X, not all of the vehicles are needed to be detected by ISAC. Thus, it is preferred to introduce N target vehicles to indicate the vehicles that need to be detected or tracked.
Besides, BS and UE-type RSU are also supported in V2X scenario. To improve the positioning accuracy, the dropping model of RSU in Rel-18 NR sidelink positioning can be reused where RSUs are uniformly dropped on both sides of the road and the distance between two adjacent RSUs are 200m. The parameters of road configuration and vehicle UE can be found in the following Table 4. A typical sensing scenario for automotive vehicles is given in Figure 1.
Table 4: V2X scenario parameters in TR 37.885
	Parameters
	Urban
	Highway

	Number of lanes
	2 in each direction
	3 in each direction

	Lane width
	3.5m
	4m

	Simulation area size
	Minimum 1299m*750m
	Length >= 2000m

	BS layout
	Macro BS with ISD of 500m and wrap around model is applied
	Along the highway 35m away with 1732m ISD

	Vehicle UE dropping
	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}

	Vehicle speed
	15km/h, 60km/h
	70km/h, 140km/h




Figure 1: Sensing scenario for automotive vehicles
Proposal 4: General principles on highway scenario modeling defined in TR 37.885 can be inherited for scenario deployment related to automotive vehicles in Rel-19 ISAC with the following updates.
· It is preferred to introduce N target vehicles to indicate the vehicles that need to be detected or tracked.
· The dropping model of RSU in Rel-18 NR sidelink positioning should be reused where RSUs are uniformly dropped on both sides of road and the distance between two adjacent RSUs are 200m 

Automated guided vehicles
Automated guided vehicles (AGV) as an essential component in smart factory or intelligent manufacturing can improve production efficiency and reduce the incidence of accidents. Indoor-factory is defined in TR 38.901 and subdivided into five scenarios considering different BS height and clutter density, including InF-SL, InF-DL, InF-SH, InF-DH and InF-HH. Such scenarios can be reused to evaluate AGV in Rel-19 ISAC. In such scenarios, AGV and clutter are essential components and should be modelled, as illustrated in Figure 2. However, considering different automation level of smart factory, it is optional whether humans are modelled in indoor-factory scenario. The parameters for indoor-factory scenario are given in Table 5.
Table 5: Parameters for indoor-factory scenario
	Parameter
	InF-SL
	InF-DL
	InF-SH
	InF-DH
	InF-HH

	Clutter height
	< Ceiling height, 0-10m

	Clutter size
	10m
	2m
	10m
	2m
	Any

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

	BS antenna height
	Clutter-embedded, i.e. the BS antenna height is below the average clutter height
	Above clutter
	Above clutter

	Human
	Optional, Stationary or up to 3km/h

	AGV
	One or two, up to 30km/h




Figure 2: Indoor factory scenario
Proposal 5: Indoor-factory defined in TR 38.901 can be reused to evaluate automated guided vehicles (AGV) in Rel-19 ISAC.
· One or two AGVs are modelled per factory and the speed is up to 30km/h
· It is optional whether human is modelled in such scenario.

Objects creating hazards on roads/railways
Highway as a basic and essential component of transportation can bring more convenience for trips and benefit for economic development. ISAC as an emerging technology can be used to sense pedestrians or animals crossing highway to avoid accidents. In TR 37.885, the dropping model for BS, RSU and vehicles has been defined, but pedestrian is not considered in highway scenario. Firstly, based on the description of use case of pedestrian/animal intrusion detection on a highway, additional model for the intruders is required. Considering the lower probability of intrusion on highway, two sensing targets can be modelled per side along highway. The distance between two sensing targets is 1000m, the distance between sensing target and highway is 5m, as shown in Figure 3. Considering tracking is not really needed in such scenario, the location of sensing target can be fixed. And the typical size can be applied for different types of intruders that the size of pedestrian is 0.5m x 0.5m x 1.75m and the size of animal is 1.5m x 0.5m x 1 m. Besides, as discussed in section 3.3, RSUs should be deployed on two sides of road to guarantee the positioning accuracy for Rel-19 ISAC. Further details on deployment scenario can be found in Table 6.


Figure 3: Dropping model of vehicle, RSU and sensing target in highway scenario

Table 6: Parameters regarding vehicle, RSU and sensing target in highway scenario 
	Parameter
	V2X highway scenario

	Number of lanes
	3 in each direction (total 6 lanes)

	Lane width
	4m

	Highway length
	≥2000m. Wrap around should be applied.

	Vehicle UE type
	· 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

	Vehicle speed
	140km/h or 70km/h

	Distance between vehicles
	max {2 meter, an exponential random variable with the average of the speed * 2 sec}

	Distance between RSUs
	200m, uniformly deployed on two sides of the road

	Sensing target size
	· Pedestrian: 0.5m x 0.5m x 1.75m
· Animal: 1.5m x 0.5m x 1 m

	Location of sensing target
	· Fixed location
· Distance between two sensing targets at the same side is 1000m
· Distance between sensing target and highway is 5m 

	Number of sensing target
	2 per side


Proposal 6: Highway scenario in TR 37.885 can be treated as a starting point for scenario modelling for objects creating hazards on roads with the introduction of sensing targets.
· Two sensing targets per side and total four sensing targets
· The location of sensing targets is fixed
· The distance between two sensing targets at the same side is 1000m, the distance between sensing target and highway is 5m

Summary of deployment scenarios
Based on the discussion above, the summary of deployment scenarios for different sensing targets are presented in Table 7.
Table 7: Summary of deployment scenario for different target objects
	Target object
	Prioritized use case
	Deployment scenario

	UAV
	Sensing for UAV intrusion detection
	UMi, UMa and RMa scenario for UAV in TR 36.777 and one sensing target UAV is modelled per sector

	Humans indoors/outdoors
	Intruder detection in surrounding of smart home 
	Urban scenario defined in TR 37.885 with an introduction of a lower density of pedestrian

	Automotive vehicles
	Sensing assisted automotive maneuvering and navigation
Vehicle sensing for ADAS
	Highway scenario defined in TR 37.885 with an introduction of target vehicle(s) that need to be detected/tracked

	Automated guided vehicles 
	AGV detection and tracking in factories
	Indoor-factory scenario in TR 38.901 with one or two AGV(s)

	Objects creating hazards on roads/railways
	Pedestrian/animal intrusion detection on a highway
	Highway scenario defined in TR 37.885 with an introduction of sensing target along highway



Conclusion
In this contribution, use cases and deployment scenarios for Integrated Sensing and Communication are discussed. Observation and proposals are given as follows:
Observation 1: For the use cases corresponding to the example objects listed in the SID, the sensing transmitter or receiver can be BS or UE. 
Proposal 1: To minimize to complexity of deployment scenario designs, the following use cases can be prioritized in Rel-19 ISAC.
· Sensing for UAV intrusion detection, with BS as the sensing transmitter or receiver
· Intruder detection in surrounding of smart home, with BS or UE-type RSU as the sensing transmitter or receiver
· Sensing assisted automotive manoeuvring and navigation, with BS or UE-type RSU as the sensing transmitter or receiver
· Vehicle sensing for ADAS, with BS or UE as the sensing transmitter or receiver
· AGV detection and tracking in factories, with BS (or UE, optionally) as the sensing transmitter or receiver
· Pedestrian/animal intrusion detection on a highway, with BS or UE-type RSU as the sensing transmitter or receiver
Proposal 2: The deployment scenario including UMi, UMa and RMa for aerial vehicles in TR 36.777 can be treated as a starting point for UAV scenario in Rel-19 ISAC. 
· It is preferred that one target UAV is modelled per sector, i.e., the ratio of UAV is 7.1%.
Proposal 3: Urban scenario in TR 37.885 can be treated as a starting point for human modelling in Rel-19 ISAC.
· It is preferred to update the density of pedestrian/human to a lower level.
Proposal 4: General principles on highway scenario modeling defined in TR 37.885 can be inherited for scenario deployment related to automotive vehicles in Rel-19 ISAC with the following updates.
· It is preferred to introduce N target vehicles to indicate the vehicles that need to be detected or tracked.
· The dropping model of RSU in Rel-18 NR sidelink positioning should be reused where RSUs are uniformly dropped on both sides of road and the distance between two adjacent RSUs are 200m 
Proposal 5: Indoor-factory defined in TR 38.901 can be reused to evaluate automated guided vehicles (AGV) in Rel-19 ISAC.
· One or two AGVs are modelled per factory and the speed is up to 30km/h
· It is optional whether human is modelled in such scenario.
Proposal 6: Highway scenario in TR 37.885 can be treated as a starting point for scenario modelling for objects creating hazards on roads with the introduction of sensing targets.
· Two sensing targets per side and total four sensing targets
· The location of sensing targets is fixed
· The distance between two sensing targets at the same side is 1000m, the distance between sensing target and highway is 5m
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