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Introduction
As an important potential technology of 5G-Advanced, integrated sensing and communication (ISAC), which is expected to drive new services, can reuse existing spectrum and communication equipment to provide sensing ability. It reduces costs and improves resource utilization comparing to using two separate systems. Moreover, sensing can assist communication, e.g. by reducing beam management cost, and meanwhile communication can also help in, e.g. cooperative network sensing. 
In RAN #101, the following summary was achieved:
	· RAN to select a small number of ISAC use cases from TR22.837, and to identify appropriate corresponding information needed for the point below, i.e. scenarios, frequency ranges and sensing modes. 
· Also consider the ongoing SA1 TS22.137
· Potential objectives:
1. A RAN1-led study objective to define channel modelling details for sensing using 38.901 (if applicable to the selected use cases) as a starting point, and taking into account relevant measurements, including:
· Modelling of sensing targets and background environment, including, for example (if needed by the selected use cases), radar cross-section (RCS), mobility and clutter/scattering patterns;
· Spatial consistency.
This objective to start after completion of the first (RAN-led) objective if not already done in SID


In this document, we discuss use cases prioritization and channel model as an evaluation tool for ISAC study.
Discussion 
1.1 High priority use cases for Rel-19 ISAC
In TR22.837, plentiful use cases are discussed and further categorized into three types: object detection and tracking, environment monitoring and motion monitoring, as listed in Table 1:
Table 1 Sensing use cases
	Type
	Category 
	Service Area
	Example services

	Object detection and tracking
	1
	Object to be detected indoor: Human, 
Object to be detected outdoor: UAV
	Intruder detection in smart home,
UAV intrusion detection

	
	2
	Object to be detected outdoor:
Human, UAV
	UAV flight route intrusion detection,
Intruder detection in surroundings of smart home, Tourist spot monitoring

	
	3
	Factory (100m2), crossroad, highway, railway [air]
Object to be detected: Animal, Human, UAV, Vehicle
	Pedestrian/animal intrusion detection on a highway/railway,
Sensing at crossroads with/without obstacle,
UAV flight trajectory tracing
UAV collision avoidance,
AMR collision avoidance in smart factories

	
	4
	Factory
Object to be detected: Animal, Human, UAV, AGV/AMR, Vehicle
	Parking Space Determination,
UAVs/vehicles/pedestrians detection near Smart Grid equipment,
Immersive experience based on sensing,
Integrated sensing and positioning in factory hall

	
	5
	ADAS 
Object to be detected: Vehicle Public area safety
	Public safety search and rescue or apprehend, ADAS

	Environment monitoring
	6
	Rainfall monitoring and flooding
	Rainfall monitoring,
Flooding monitoring

	Motion monitoring
	7
	Indoor human motion -sleep monitoring, sports monitoring
	Sleep monitoring,
Sports monitoring

	
	8
	Hand gesture recognition
	Hand gesture recognition



In the above table, object detection and tracking and motion monitoring are more promising to be deployed in NR due to expected high commercial demands.  
· The world population is rapidly aging. In 2020, there were approximately 727 million elderly people aged 65 and above worldwide. This number is expected to double to 1.5 billion by 2050. It is crucial to ensure the safety of their living environment and prompt responses in case of accidents. Indoor human motion monitoring provides contactless sensing service without acquiring privacy-sensitive video information. 
· Furthermore, comparing to smart watch which is a popular alternative in monitoring human body in sleep or sport activities, wireless sensing provides additional comforts given it does not require customer to keep wearing anything. Given sleep/sport monitoring will be widely demanded by people of different ages, the wireless sensing is a more appealing use case to be considered in standardization.
· In addition, in security critical areas, wireless sensing provides private sensing for intrusion detection. As drone industry develops rapidly, the requirement for drone supervision increases. It is estimated that Anti-drone market is expected to grow from $1.55 billion in 2023 to $4.63 billion in 2028, with a compound annual growth rate of 24.41% during the forecast period (2023-2028)
Considering Rel-19 workload, we could further focus on category 1 (human detected indoor and UAV detected outdoor) and category 7 (Indoor human motion) in NR study. Both applications are representative and apply typical sensing technologies. Moreover, the deployment for above use cases overlaps with telecommunication network, some wireless channel feature can be reused, such as background clusters. So, these two use cases are not expected to increase simulation workload too much.
Proposal 1: In NR Rel-19, object detection and tracking and motion monitoring are two prioritized use cases. 
Generally, sensing within the cellular network can be further classified into six sensing modes:
1) gNB mono-static sensing: the same gNB transmits and receives the sensing signal.  
2) gNB bi-static sensing: different gNB’s transmit and receive the sensing signal respectively.
3) gNB as transmitter and UE as receiver
4) UE as transmitter and gNB as receiver
5) UE bi-static sensing: different UE’s transmit and receive the sensing signal respectively.
6) UE mono-static sensing:  the same UE transmits and receives the sensing signal.
Mode 1 and mode 6 are mono-static sensing, which can be implemented by gNB or UE itself, so it is not necessary to handle them in the standard. For mode 2, one operator can coordinate all of network equipment within its own network. So the standardization is not urgent unless the coordination among different operators are expectedly required. For mode 3~5, standardization becomes essential to connect network and/or terminal equipment produced by different manufactures. So, from standardization perspective, modes 3~5 need to have high priority.
Proposal 2: gNB-UE sensing mode and UE-UE sensing mode are prioritized for standardization. 
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Mono-static sensing mode can be an implementation issue outside of standardization.
· gNB bi-static sensing mode within the same-operator network can also be treated as an implementation issue.
1.2 Channel model for sensing
There are typically two channel model philosophies: statistic channel modelling and deterministic channel modelling. 
· Statistic channel modelling expresses the channel by an abstract channel impulse response with parameters, such as power distribution, delay spread and angular spread, being statistically obtained from a wealth of measured data in corresponding scenario. Although statistic channel model requires large amount of measurement data to derive the statistical modeling parameters, once those parameters are made available, the use of such channel model normally results in lower computation complexity in simulation and less relevance to requirement of deployment map.  The 3GPP fast fading channel model in [1] is a typical statistic channel modeling method. However, due to lack of deterministic relation between channel scatter features (such as position-related ray angles, doppler and reflection factor) and the sensing target, statistic channel model may not be able to fully cover the positioning related sensing evaluations. 
· Deterministic channel modeling generates the channel by applying electromagnetic wave propagation theory to the specific geographic environment. It does not need extensive measurements but requires comprehensive environmental data for accurate calculations on signal propagation. Map-based ray tracing is one typical deterministic channel modeling. However, the computation complexity and dependency upon an environmental map are traditional concerns for ray tracing method. The reluctance in using ray-tracing method for communication evaluation in ISAC study may make it difficult to use the method for sensing evaluation part as well.    
The desirable channel model for sensing in ISAC study can be somehow a combination of statistic channel modelling and deterministic channel modelling. In sensing evaluation, 
· The propagation channel model involving with sensing target uses deterministic channel model. Usually LOS path is assumed between receiver and the sensing target as well as between transmitter and the sensing target. 
· Other paths, such as multi-hops or multipath between sensors, can still apply statistic channel model to reduce simulation complexity.   
Take an example in Figure 1. 3GPP channel model involves the angle, delay, and power information of multiple sub-paths in one path cluster. The statistical angle, delay, and power for each cluster are obtained from measured data to derive empirical formulas for wireless channel. In the derivation of channel characteristics around the sensed target (e.g., n-th cluster), the power, delay, AOA and AOD of n-th cluster need to be determined by the real-time positions of sensed object and sensor Tx/Rx. Meanwhile, for other propagation cluster not involving with sensed target, statistic modelling can be applied.
[image: ]
Figure 1 channel model example in 38.901 [1]
It should be noted that the above-mentioned combination of statistic channel modelling and deterministic channel modelling is not the same as hybrid channel model as given in [1]. The difference in between lies in that the combination mentioned above does not need to perform ray tracing against environmental surfaces as well as the sensing object itself (if LOS is reasonably assumed) and therefore does not need an environment map. 
For ISAC, sensing and communication share common Tx/Rx equipment, e.g. gNB and UE. Spectrum and network deployment are also common for both. So statistic characteristics of wireless channel for communication can reused for sensing, which will avoid tremendous workload for channel measurement. 
Observation 1: For integrated sensing and communication, communication function and sensing function share common spectrum and deployment. Statistic characteristics of wireless channel for communication can be reused for sensing to avoid tremendous workload in channel measurements for sensing channel model.
The study of "Integrated Sensing and Communication Research" in SA1 already contains 32 use cases and their corresponding requirements, as listed in Table A-1[2]. These use cases can be simply organized into the following three categories:
· Detection, position and tracking
Position of sensed target is the detection target. So the position information needs to be considered in channel model. For detection, the position of sensed target can be assumed in one valid location if exist, or not in the valid location otherwise. For tracking, it can be considered as time-varying positioning and tracking pattern needs to be modelled.
· Environment monitoring
Scatter feature in the environment is the detection target. Different scatters show different RCS (Radar cross section) values. For example, given the reflection coefficient for dry air and moist air are different, the scatter feature can be derived from RCS and RCS needs to be involved in channel model.
· Motion monitoring
Motion pattern of sensed target is the detection target. So motion pattern needs to be involved in channel model. The earlier-published research work [3] has shown the motion pattern can be reflected by the phase term variation in the signal reflected from sensed target. To be more specific, the following channel response formula (copied from 7.5-29 in [1]) in the existing 3GPP channel model [1] can be considered as a placeholder to accommodate different motion patterns, e.g., by replacing the phase term  with .


It should be sufficient to leave the phase variation function f(t) as a placeholder in the channel model for motion monitoring. What the exact f(t) is for a specific motion application can be left outside of channel model and be part of application level evaluation methodology. It is also assumed the same modeling principle can be applied to link level channel model in 38.901.  
To support the three categories of sensing use cases, more accurate model for sensed target should be incorporated into channel model.
Proposal 3: The channel model for sensing can be generated on top of statistic channel model in TR 38.901 with necessary amendments:
· The sensing subjects of the sensed target, such as position, RCS and motion pattern, need to be parameterized in channel model.
· Deterministic channel model is applied, in LOS condition, to propagation path/cluster involving with sensed target. 
Conclusions
In this contribution, we discuss channel model for sensing with the following observations and proposals:
Observation 1: For integrated sensing and communication, communication function and sensing function share common spectrum and deployment. Statistic characteristics of wireless channel for communication can be reused for sensing to avoid tremendous workload in channel measurements for sensing channel model.
Proposal 1: In NR Rel-19, object detection and tracking and motion monitoring are two prioritized use cases. 
Proposal 2: gNB-UE sensing mode and UE-UE sensing mode are prioritized for standardization. 
· Mono-static sensing mode can be an implementation issue outside of standardization.
· gNB bi-static sensing mode within the same-operator network can also be treated as an implementation issue.
Proposal 3: The channel model for sensing can be generated on top of statistic channel model in TR 38.901 with necessary amendments:
· The sensing subjects of the sensed target, such as position, RCS and motion pattern, need to be parameterized in channel model.
· Deterministic channel model is applied, in LOS condition, to propagation path/cluster involving with sensed target. 
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Appendix
Table A-1 sensing service and KPI [2]
	Scenario
	Sensing service level
	Sensing service area 
	Confidence level [%]

	Accuracy of positioning estimate by sensing (for a target confidence level)
	Accuracy of velocity estimate by sensing (for a target confidence level)
	Sensing resolution
	Max sensing service latency
[ms]
	Refreshing rate
[s]

	Missed detection
[%]

	False alarm
[%]

	Example Services

	
	
	
	
	Horizontal
[m]
	Vertical
[m]
	Horizontal
[m/s]
	Vertical
[m/s]
	Range resolution
[m]
	Velocity resolution (horizontal/ vertical)
[m/s x m/s]
	
	
	
	
	

	[bookmark: _MCCTEMPBM_CRPT81540186___4]Object detection and tracking
	1 (use cases 5.1; 5.13 – level1)
	Object to be detected indoor: Human, object to be detected outdoor: UAV
	95
	≤10
	≤10
	N/A
	N/A
	10 
NOTE 2
	10
NOTE 3
	<1000
	< 1
	< 5
	< 2
	[bookmark: _MCCTEMPBM_CRPT81540187___5]intruder detection in smart home,
UAV intrusion detection
[bookmark: _MCCTEMPBM_CRPT81540188___4]

	[bookmark: _MCCTEMPBM_CRPT81540190___5][bookmark: _MCCTEMPBM_CRPT81540189___4]
	2 (use cases 5.13 – level2, 5.6)
	Object to be detected outdoor:
Human, UAV
	95
	≤5
	≤5
	N/A
	N/A
	10 
NOTE 2
	10
NOTE 3
	[≤1000]
	[≤1]
	≤5
	≤5
	UAV flight route intrusion detection,
intruder detection in surroundings of smart home

	[bookmark: _MCCTEMPBM_CRPT81540191___4]
	3 (use cases 5.2, 5.7, 5.10, 5.11, 5.12, 5.23)
	Factory (100m2), crossroad, highway, railway [air]
NOTE 4
Object to be detected: Animal, Human, UAV, Vehicle
	95
	≤1
	N/A
	1
NOTE 5
	N/A
	<1
NOTE 5
NOTE 8

	1 x 1 NOTE 9
	≤100 ≤1000

NOTE 6
NOTE 10
	[≥0.05 ÷ ≤ 0.1 ≤ 1]
NOTE 11

	≤2
	≤2
	[bookmark: _MCCTEMPBM_CRPT81540192___5]pedestrian/animal intrusion detection on a highway/railway,
sensing at crossroads with/without obstacle,
UAV flight trajectory tracing
UAV collision avoidance,
AMR collision avoidance in smart factories
[bookmark: _MCCTEMPBM_CRPT81540193___4]

	[bookmark: _MCCTEMPBM_CRPT81540195___5][bookmark: _MCCTEMPBM_CRPT81540194___4]
	4 (use cases 5.20, 5.22, 5.25, 5.27, 5.32)
	Public area safety, factory
NOTE 7
Object to be detected: Animal, Human, UAV, AGV/AMR, Vehicle
	95
	0.5
	0.5
	0.1
Pedestrian: ≤1.5
Vehicle: ≤15
	N/A
Pedestrian: ≤1.5
	0.5m 

	5 x 5
for factories 0.5 may be needed
	250
	0.25 ≤ 1
	1
	5
	Parking Space Determination,
UAVs/vehicles/pedestrians detection near Smart Grid equipment,
immersive experience based on sensing,
public safety search and rescue or apprehend,
integrated sensing and positioning in factory hall

	[bookmark: _MCCTEMPBM_CRPT81540196___4]
	5 (use cases 5.28)
	ADAS -TBD
Object to be detected: Vehicle
	[95]
	~ [0.1]-[1.3] ; for short range radar ~[0.02]-[2.6]
	TBD
	[±0.03] -[±0.12] m/s
	N/A
	 [0.4]
	[0.1] – [0.6]
	[50]
	[0.05] -[0.2]
	[1-10] %
	[<1] %
	ADAS

	[bookmark: _MCCTEMPBM_CRPT81540197___4]Environment monitoring
	1 (use case 5.14)
	Object to be detected outdoor:
Human
	95
	[≤2]
	N/A
	N/A
	N/A
	[1] 
	[1]
	1000 NOTE 10
	[≤0.2]
	5
	5
	[bookmark: _MCCTEMPBM_CRPT81540198___5]traffic management

	[bookmark: _MCCTEMPBM_CRPT81540199___4][bookmark: _MCCTEMPBM_CRPT81540202___5][bookmark: _MCCTEMPBM_CRPT81540201___4]
	2 (use cases 5.3 and 5.5.)
	Rainfall monitoring and flooding
NOTE 14
Object to be detected: Rain
	95
	≤10
	[bookmark: _MCCTEMPBM_CRPT81540200___7][≤0.2]
NOTE 15
	N/A
	N/A
	N/A
	N/A
	1 min
	1<10min, application configurable
	< 0.1
	< 3
	rainfall monitoring,
flooding monitoring

	[bookmark: _MCCTEMPBM_CRPT81540203___4][bookmark: _MCCTEMPBM_CRPT81540206___5][bookmark: _MCCTEMPBM_CRPT81540205___4]Motion monitoring
	1 (use cases 5.15, 5.24, 5.29)
	Indoor human motion -sleep monitoring NOTE 12, sports monitoring NOTE 13, gesture recognition
Motion on human, gesture
	95
	N/A
	[bookmark: _MCCTEMPBM_CRPT81540204___5]N/A
	0.1 valid for gesture recognition
	0.1 valid for gesture recognition
	N/A
	N/A
	60s
	60, ≤0.1 for gesture recognition
	5
	5
	sleep monitoring,
sports monitoring,
gesture recognition

	NOTE 1:	The terms in Table 7.2-1 are found in Section 3.1.
NOTE 2: To detect the UAV existence (e.g., for intrusion detection), the sensing resolution of distance is 10m [25].
NOTE 3:	To detect the UAV existence, the sensing resolution of velocity is 10m/s [25].
NOTE 4: The typical size (Length x Width x Height) of UAV is 1.6m x 1.5m x 0.7m, the typical size of pedestrian is 0.5m x 0.5m x 1.75m, and the typical size of engineering vehicle is 7.5m x 2.5m x 3.5 m.
NOTE 5:	The KPI values for UAVs are sourced from [25] and [40] and for factories are sourced from [47].
NOTE 6:	The value 100 ms is sourced from [28] and is valid for sensing at crossroads.
NOTE 7: The safe distance between pedestrian/vehicle and transmission station/line is 0.7m/0.95m [46]. The size of the park of Smart Grid depends on the real environment.
NOTE 8:	To track the UAV flying (e.g., for collision detection and warning), the sensing resolution of distance is 1m [25].
NOTE 9:	To track the UAV flying, the sensing resolution of velocity is 1m/s [25].
NOTE 10:	To realize 1m granularity tracking, when the velocity resolution is 1 m/s, the maximum corresponding sensing service latency is 1s.
NOTE 11:	Echodyne MESA-DAATM has approximate 1Hz scan rate [40].
NOTE 12:	Additional KPI on motion rate accuracy of 2 times/min (0.033 Hz).
NOTE 13:	Additional KPI on motion rate accuracy of 3 times/min (0.05Hz) and 4 times/min (0.07 Hz)
NOTE 14:	Rainfall estimation accuracy is1 mm/h[39] and describes the closeness of the measured rainfall estimation to its true rainfall value.
NOTE 15:	This value is for the water level. Description related to NOTE in clause 5.5.1 suggests 0.01 m. [≤0.2] is derived from the water level where people feel difficulty in walking.
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