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Introduction
A new study item on channel modeling for integrated sensing and communication was agreed in RAN#102 and updated at RAN#103 [1].
The study focuses on defining a common channel modeling framework to enable wireless sensing in 5G-Advanced. 
The study item will aim to support object detection and tracking use cases defined in SA1 [2]. For those use cases, the following objectives are identified for this study:

[image: ]
In this contribution, we discuss the deployment scenarios that are of importance for enabling integrated sensing and communication in NR for object detection and/or tracking. 
Deployment Scenarios 

The introduction of sensing capability as an integrated part of 5G wireless communication is attractive for the efficient use of the wireless spectrum and the reuse of the existing wireless network infrastructure for sensing applications.  3GPP SA1 [2] has been discussing use cases and requirements for 5G systems to provide integrated sensing and communication. The study identified many use cases, including, 


Table 1: ISAC use cases in SA1 TR22.837
	· Intruder detection in smart home
· Pedestrian/animal intrusion detection on a highway
· Rainfall monitoring
· Transparent sensing
· Sensing for flooding in smart cities
· Intruder detection in surroundings of smart home
· Railway intrusion detection
· Sensing assisted automotive maneuvering and navigation
· AGV detection and tracking in factories
· UAVs/vehicles/pedestrians detection near smart grid equipment
· AMR collision avoidance in smart factories
· Roaming for sensing service of sports monitoring
· UAV flight trajectory tracing
· Sensing for automative manoeuvering and navigation service when not served by RAN
· Blind spot detection
· Integrated sensing and positioning in factory hall



	· Sensing at crossroads with/without obstacle
· Network assisted sensing to avoid UAV collision
· Sensing for UAV intrusion
· Sensing for tourist spot traffic
· Contactless sleep monitoring
· Protection of sensing
· Health monitoring at home
· Service continuity of unobstructive health monitoring
· Sensor groups
· Sensing for parking space
· Seamless XR streaming
· Immersive Experience based on sensing
· Accurate sensing for automotive maneuvering and navigation service
· Public safety search and rescue or apprehend
· Vehicles sensing for ADAS
· coarse gesture recognition for application navigation and immersive





Table 2: Performance requirements for 5G Wireless sensing [3]
	Scenario
	Sensing service category
	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
[%]

	Sensing service description in a target sensing service area

	
	
	
	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 
	95
	10
	10
	N/A
	N/A
	10 [3] 
	5 [3]
	1000
	1
	5
	2
	[bookmark: _MCCTEMPBM_CRPT81540188___4]Indoor/outdoor (e.g., detection of human, UAV) 

	[bookmark: _MCCTEMPBM_CRPT81540189___4][bookmark: _MCCTEMPBM_CRPT81540190___5]
	2 
	95
	2
	5
	1
	N/A
	1 
	1
	1000
	0.2
	0.1 to 5
	5
	Outdoor (e.g., detection of human, UAV)

	[bookmark: _MCCTEMPBM_CRPT81540191___4]
	3 
	95
	1
	1
	1 [3], [4]
	1
	1 [3], [4]

	1 x 1 [3]
	100 [2], or 1000 (NOTE 3); 5000 for detection in highway
	0.05 to 1

	2
	2
	[bookmark: _MCCTEMPBM_CRPT81540193___4]Indoor/outdoor (e.g., detection and tracking of human, animal, UAV) 

	[bookmark: _MCCTEMPBM_CRPT81540194___4][bookmark: _MCCTEMPBM_CRPT81540195___5]
	4 
	99 for public safety, otherwise, 95
	0.5
	0.5
	1.5 for pedestrian,
15 for vehicle, otherwise, 0.1
	1.5 for pedestrian
	0.5 

	0.5 x 0.5
for factories 
	100 to 5000
	0.1
	1
	3
	Indoor/outdoor (e.g., detection and tracking of human, animal, UAV, AGV, vehicle) requiring higher performance than category 3 

	[bookmark: _MCCTEMPBM_CRPT81540197___4]Environment monitoring
	5
	95
	10
	[bookmark: _MCCTEMPBM_CRPT81540200___7]0.2
(NOTE 4)
	N/A
	N/A
	N/A
	N/A
	60000
	60 to 600
	0.1 to 5
	3
	Nature of environments monitored by sensing (e.g. rainfall, flooding monitoring) 

	Motion monitoring
	6
	95
	N/A
	[bookmark: _MCCTEMPBM_CRPT81540204___5]N/A
	N/A
	N/A
	N/A
	N/A
	60000
	 60
	5
	5
	Human motions and activities obtained by sensing (NOTE 5)

	
	7
	95
	0.2
	0.2
	0.1
	0.1
	0.375
	0.3
	5 to 50
	0.1
	5
	5
	Human hand gestures obtained by sensing (NOTE 6)

	[bookmark: _MCCTEMPBM_CRPT81540203___4][bookmark: _MCCTEMPBM_CRPT81540205___4][bookmark: _MCCTEMPBM_CRPT81540206___5]NOTE 1:     For sensing service categories to which UAV, human or vehicle is a sensing target, the typical size (Length x Width x Height) of UAV is 1.6m x 1.5m x 0.7m, the typical size of human is 0.5m x 0.5m x 1.75m, and the typical size of vehicle is 7.5m x 2.5m x 3.5 m.
NOTE 2:     The safe distance between pedestrian/vehicle and power transmission station/line is 0.7m/0.95m.
NOTE 3:	To realize 1m granularity tracking, when the velocity resolution is 1 m/s, the maximum corresponding sensing service latency is 1 s.
NOTE 4:	This value is derived from the water level where people feel difficulty in walking.
NOTE 5:	To achieve human motion monitoring, different accuracy KPI is needed to measure different human motions. E.g., respiration rate accuracy (2 times/min) is a KPI used to measure the accuracy of sleep monitoring, sit-up rate accuracy (3 times/min) is a KPI used to measure the accuracy of sports monitoring.
NOTE 6:	Category 7 has more stringent requirements (e.g., for KPIs such as positioning accuracy and sensing resolution) compared to other categories and typically requires more radio resources.



These use cases were later grouped in SA1 in TS 22.137 [3], according to sensing performance requirements, with object detection and tracking use case categories (1-4) identified in RAN#112 as the focus of the RAN1-led study item on channel modeling [1]:
· 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.

To develop a common framework for channel modeling, including target modeling, it is good to further identify a subset of use case categories and corresponding scenarios that are beneficial from a wireless network deployment perspective. 

In RAN1#116, the following agreement was endorsed in the ISAC session report [4] regarding the sensing targets of interest and the scenarios to be considered corresponding to these targets for detection and tracking.

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






We propose to focus as a priority on outdoor object detection and tracking scenarios, including smart transportation use cases, such as detection and tracking of pedestrians and vehicles outdoors, as well as UAV flight trajectory detection and UAV intrusion. Indoor deployment scenarios to support indoor AGV/AMR, indoor intruder and factory use cases can be considered as a second priority. 

Proposal 1: RAN1 considers outdoor deployment scenarios use cases as a high priority for object detection and tracking 

For these deployment scenarios, the frequency bands of interest should focus on C-band deployments and upper FR1 bands, as well as mmWave frequencies (FR2-1) as priority bands. 
FR3 bands are also of interest for sensing applications and should be included if enough measurements are brought by companies for channel modeling in these bands.

Proposal 2: RAN1 consider high FR1 bands and mm Wave (FR2-1) bands as priority bands for ISAC channel modelling.

 
Sensing Modes
Object detection and tracking use cases considered in this SI rely on the availability of the sensing nodes (sensing transmitter and/or sensing receiver) to successfully accomplish the sensing tasks. Depending on the sensing KPIs and the deployment scenarios, different sensing topologies or modes can be required. 
Sensing can be either monostatic, where the sensing signal transmission and reception are handled by the same node (base station or UE), or bi-static (multi-static) where the transmission and reception are handled by different collaborating nodes, e.g. one device (network or UE) acts as a transmitter and other device(s) (network or UE) act as a receiver(s). Sensing topology can further be grouped into network-based sensing where the sensing measurements are done at the network nodes without UE involvement, UE-assisted sensing, where the sensing measurements are done at the network nodes with assistance from UEs, and UE-based sensing, where the measurements are done at the UEs. 
For the use cases considered in this SI (UAV detection and trajectory tracking, pedestrian/vehicle detection for smart transportation), UE-based sensing, either monostatic or bistatic, can be deprioritized. 
Proposal 3: RAN1 considers UE-based sensing, both monostatic and bi (multi-) static, with lower priority
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For monostatic sensing at the gNB, the challenge is the transceiver design with full-duplex operation, since the gNB should be capable of transmitting and receiving the signal in a very short amount of time. Developing the channel model should nevertheless not exclude this important sensing mode.  
The channel and target characterization and parametrization for monostatic sensing can be different from bi static (multi-static) sensing, but some of these parameters can to a large extent be derived from bi(multi-) static sensing, using monostatic-bistatic equivalence. Duplexing operation aspects and potential range considerations for monostatic sensing can be considered when we start developing sensing algorithms. 
Proposal 4: For ISAC channel modelling development, consider both monostatic and bistatic (multi-static) sensing 
For monostatic sensing, e.g. gNB-gNB monostatic sensing, or bi (multi-) static sensing between gNBs, the channel between the sensing transmitter and the sensing receiver is not by itself fully developed in 3GPP TR38.901; a modification of the gNB-UE communication link was added to model the link between the gNB and the relay in integrated access and backhaul, but that was not fully measured and validated, hence the channel between the sensing transmitter and the sensing receiver needs to be further studied for these sensing modes. 
Proposal 5: For gNB-gNB bi-(multi-) static and gNB-gNB monostatic sensing, the channel model between the sensing transmitter and the sensing receiver needs to be validated. 
Based on the above proposals and the agreements from RAN1#116, an updated table is proposed to further reflect the direction for the scenarios that should be captured in TR 38.901.

The detailed scenario description in this table can be used for channel model calibration.
Table 2: Evaluation parameters for ISAC
	Sensing Targets
	Scenarios 
	Frequency Band(s)
	Sensing modes*

	UAVs
	RMa-AV, UMa-AV, UMi-AV (TR 36.777) 
	FR1, FR2-1, [FR3]
	gNB-gNB bi-(multi-) static and gNB-gNB monostatic, TRP-UE bistatic, UE-TRP bistatic

	Humans indoors
	InF, Indoor Office
	FR1, FR2-1
	gNB-gNB bi-(multi-) static and gNB-gNB monostatic, TRP-UE bistatic, UE-TRP bistatic

	Humans outdoors
	UMi, UMa, [RMa]
	FR1, FR2-1, [FR3]
	gNB-gNB bi-(multi-) static and gNB-gNB monostatic, TRP-UE bistatic, UE-TRP bistatic

	Automotive vehicles (at least outdoors)
	Highway, Urban grid, UMa, UMi, RMa
	FR1, FR2-1, [FR3]
	gNB-gNB bi-(multi-) static and gNB-gNB monostatic, TRP-UE bistatic, UE-TRP bistatic

	Automated guided vehicles (e.g. in indoor factories)
	InF
	FR1, FR2-1 
	gNB-gNB bi-(multi-) static and gNB-gNB monostatic, TRP-UE bistatic, UE-TRP bistatic

	Objects creating hazards on roads/railways (examples defined in TR 22.837)
	Highway, Urban grid, HST
	FR1, FR2-1, [FR3]
	gNB-gNB bi-(multi-) static and gNB-gNB monostatic, TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic




Furthermore based on the above table for each sensing targets, RAN1 should discuss the modifications to the existing 38.901/36.777 scenarios and associated parameters specifically for ISAC technology evaluations, such as the following (additional parameters are not precluded):
	Parameters

	Specific Carrier Frequency(ies) 

	Bandwidth

	TRP information (height, location, antenna config, Tx power, etc.)

	Cell Layout (sites/sectors/ISD)

	Sensing target/receiver info (height/speed/distribution LOS/NLOS)

	Sensing transmitter info (height/speed/distribution LOS/NLOS)

	Background environment info

	Indoor/Outdoor

	Min TRP - UE distance(2D/3D), e.g., sensing transmitter/receiver distance



Proposal 6: For ISAC channel modelling development, RAN1 should discuss the specific modifications to the existing 38.901/36.777 scenarios and associated parameters specifically for ISAC technology evaluations.


Sensing KPIs
One important aspect that was brought up during the plenary discussions was the need to at least evaluate some sensing KPIs in the SI, when the channel model is finalized. This is important not only for defining the ISAC channel model, but also for the next phase of developing the sensing algorithms and sensing framework and should be included in the scope of the SI. Some of the sensing KPIs that can be considered include sensing resolution, e.g., range and velocity resolution, sensing unambiguous range and unambiguous velocity, as well as probability of missed detection and false alarm. 

Proposal 7: RAN1 discuss and agree that defining and evaluating sensing KPIs should be in scope of the SI, 
Proposal 8: Sensing KPIs to be evaluated at least include range and velocity resolution, probability of missed detection and false alarm, unambiguous range and unambiguous velocity. 
Conclusion
In this contribution, we discussed the deployment scenarios for developing the ISAC channel model. We made the following proposals:

Proposal 1: RAN1 considers outdoor deployment scenarios use cases as a high priority for object detection and tracking 
Proposal 2: RAN1 consider high FR1 bands and mm Wave (FR2-1) bands as priority bands for ISAC channel modelling.
Proposal 3: RAN1 considers UE-based sensing, both monostatic and bi (multi-) static, with lower priority
Proposal 4: For ISAC channel modelling development, consider both monostatic and bistatic (multi-static) sensing 

Proposal 5: For gNB-gNB bi-(multi-) static and gNB-gNB monostatic sensing, the channel model between the sensing transmitter and the sensing receiver needs to be validated. 
Proposal 6: For ISAC channel modelling development, RAN1 should discuss the specific modifications to the existing 38.901/36.777 scenarios and associated parameters specifically for ISAC technology evaluations.

Proposal 7: RAN1 discuss and agree that defining and evaluating sensing KPIs should be in scope of the SI, 
Proposal 8: Sensing KPIs to be evaluated at least include range and velocity resolution, probability of missed detection and false alarm, unambiguous range, and unambiguous velocity. 
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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 sigaificant 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 stating poiat, and taking into account relevant
‘measurements, including:
) modelling of sensing targets and background environment, including, for example (if needed by the above
use cases), radar cross-section (RCS), mobility and clutter/scattering patterns;
) spatial consistency.

It will be discussed at RAN#1

whether to include additional study beyond channel modelling for ISAC.
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