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1. [bookmark: _Ref18181]Introduction
5G has been changing our lives, and it has become an industry consensus to continuously implement the rich content of 5G technology and realize the sustainable development of 5G. In April 2021, 3GPP officially confirmed 5G-Advanced as the official name of 5G evolution, and the development of global 5G technology and standards has entered another new stage.
As an important potential key technology of 5G-Advanced, integrated sensing and communication (ISAC) has drawn extensive attention. It can provide sensing function in the current 5G communication system. To reduce costs, power consumption, and optimize resource utilization compared to two independent systems, a unified design of communication and sensing functions through signal joint design and/or hardware sharing is very important. In other words, the 5G communication system transmits wireless signals to target areas or objects, and analyzes the received reflected wireless signals to obtain corresponding sensing measurement data, and further provides sensing services to third-party applications. Furthermore, the 5G communication system can also aggregate the sensing measurement data of other sensing technologies (such as cameras, radars, etc.) to jointly provide sensing services.
To verify the feasibility of ISAC, deep evaluation is necessary based on both system and link level simulator as we did at the beginning of 5G, where extensive study on the channel model had been conducted with introduction of new features in [1], e.g., Generic channel model from 0.5-100 GHz, Blockage, spatial consistency, CDL to TDL mapping, Industrial IoT channel model, etc, which are used as the basis in the evaluation of 5G. Then, in 5G-A, considering the new use cases and technical solutions of ISAC, study on new component of channel model should be performed first. 
In this contribution, we first summarize the use cases in TR22.837 for ISAC and consider the priority of these use cases in NR. Second, we provide our views on ISAC channel modeling. Finally, we provide our views on the work scope for Rel-19.
1. Use cases
The research topic "Integrated Sensing and Communication Research" in SA1 already contains 32 use cases and their corresponding requirements. These use cases can be simply divided into the following categories, as shown in Table 2-1.
Table 2-1 The categories of use cases in TR22.837 [1]
	Categories
	Use case classification
	Use case 

	Detection , positioning and tracking

	UAV
	1. UAV flight trajectory tracing(5.10)
2. Network assisted sensing to avoid UAV collision (5.12)
3. UAV intrusion detection(5.13)

	
	Smart transportation
	1. Pedestrian/animal intrusion detection on a highway(5.2)
2. Railway intrusion detection(5.7)
3. Sensing at crossroads with/without obstacle(5.11)
4. Accurate sensing for automotive maneuvering and navigation service(5.26)
5. Use case on Vehicles Sensing for ADAS(5.28)
6. Use case on sensing for automotive maneuvering and navigation service when not served by RAN(5.30)
7. Use case on blind spot detection(5.31)

	
	
	1. Sensing Assisted Automotive Maneuvering and Navigation(5.8)

	
	Smart city
	1. Tourist spot traffic management(5.14)
2. Sensing for Parking Space Determination(5.20)
3. UAVs/vehicles/pedestrians detection near Smart Grid equipment(5.22)
4. Use case public safety search and rescue or apprehend(5.27)

	
	Smart home
	1. Intruder detection in smart home(5.1)
2. Intruder detection in surroundings of smart home(5.6)
3. Immersive experience based on sensing(5.25)

	
	Smart factory
	1. AMR collision avoidance in smart factories(5.23)
2. AGV detection and tracking in factories(5.9)
3. Use case of integrated sensing and positioning in factory hall(5.32)

	Motion monitoring 
	Smart home

	1. Contactless sleep monitoring(5.15)
2. Health monitoring(5.17)
3. Service continuity of unobtrusive health monitoring(5.18)
4. Roaming for sensing service of sports monitoring(5.24)
5. Use case on Gesture Recognition for Application Navigation and Immersive Interaction(5.29)

	Environment monitoring 
	Smart city
	1. Sensing for flooding in smart cities(5.5)
2. Rainfall monitoring(5.3)

	Others
	N/A
	1. Transparent Sensing Use Case(5.4)
2. Protection of Sensing Information(5.16)
3. Sensor Groups(5.19)
4. Seamless XR streaming(5.21)



In the above four categories of use cases for ISAC, the detection, positioning and tracking type of use case got more interest and is more promising to be deployed in NR Rel-19. Considering 3GPP workload, especially on RAN1 simulation work, we suggest to only focus on the detection, positioning and tracking type of use cases in NR study. Among the use cases, we suggest at least to prioritize smart transportation, UAV and smart factory to further reduce workload, where most simulation assumptions for Rel-16/17/18 positioning can be reused.
The corresponding performance requirements can refer to the Sensing service category 1- 4 listed in TS 22.137  for above typical use cases as shown in Appendix. 
Proposal 1: In NR Rel-19, prioritize object detection and tracking type of use cases, including UAV, smart transportation, and smart factory scenarios. 

2.1 UAV
[bookmark: OLE_LINK2]With the continuous expansion of the UAV market, more and more civilian UAVs have entered our lives. In the future cities, a large number of UAVs will be used in industrial inspections, security patrols, transportation, and logistics transportation and other scenarios. Typical use cases for UAV sensing fall into two categories:
· UAV intrusion detection
· Mainly for UAV illegal flying in restricted area including light rail, airports, government facilities, research institutes, high-speed railway stations, etc.
· This kind of sensing doesn’t require the cooperation of the UAV. That means the UAV may be unaware of the sensing operation. When multiple UAVs appear in the same restricted area, the 5G system can sense presence or proximity of multiple illegal UAVs flying.
· gNB based sensing is more suitable for this kind of intrusion detection measurement 
· UAV collision avoidance and flight trajectory tracing
· UAVs can perform various tasks such as surveillance, early warning, and communication in all weather and in all airspace. UAVs can also be widely used in aerial photography, urban management, agriculture, geology, meteorology, electric power, emergency rescue and disaster relief. Especially in the logistics industry, the use of UAV delivery in these fields: food delivery, retail goods delivery, postal delivery, delivery of medical aids, agriculture delivery, industrial delivery, etc.
· The UE can be on boarding UAV, and provide its positioning information and UE ID to 5G network. So the UE can collect the reflection signals from its environments and send the sensing measurement data associated with the UE ID to 5G network via the communication connection. 5G RAN nodes can work together to send sensing signal toward specific direction, angle, area to track the flight of the UAV.  
· Both gNB based sensing measurement and UE based sensing measurement can be considered for this kind of UE cases.
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Figure 2.1-1: Sensing for UAV intrusion detection
[image: ]
Figure 2.1-2 Network assisted collision avoidance for the UAVs
[image: ]
Figure 2.1-3: UAV flight trajectory tracing by 5G system
For the detailed scenario, we think RMa scenarios should be at least included considering strong needs of long distance sensing. For the performance evaluation, the simulation assumption specified in TR 36.777 can be a starting point. 
Proposal 1-1: for UAV use cases, RMa scenario with large ISD should be at least included. 

2.2 Smart transportation
With the trend of digitization and intelligence in the transportation field, the 5G system is expected to provide real-time data communication for massive traffic terminals, and at the same time efficiently sense the real-time status of roads, vehicles, and people to enable the transportation system to have the capabilities of sensing, interconnection, analysis, prediction and control in a larger space-time range. Smart transportation use cases are generally outdoor, except for parking detection which may be used for indoor parking detection as shown in the Figure 2.2-1.
[image: ]     [image: ]
(A)Highway intrusion detection                                              (B) Railway intrusion detection
[image: ]      [image: ]
(C) Sensing at crossroads with/without obstacle                                                        (D)  Parking Space Determination
Figure 2.2-1 Sensing for smart transportation
In smart transportation scenarios, typical use cases include:
· Determine whether an object exists: 
· There is a big difference from the current 3GPP positioning technology. In the above sensing use cases, the sensed objects usually have no connection with the 5G system, or there is no communication capability between the sensed object and the 5G system. Therefore, the 5G system usually does not know whether the sensed object exists. The 5G system shall transmit the sensing signal and receive the reflected wave to determine whether there are one or more objects. There is usually a LOS path between the 5G system and the sensed object. In use cases (A)-(C), the sensed objects may be vehicles, animals or pedestrians. In use case (D), the sensed object area is parking space. This type of applications usually has high requirements for false detection and missing detection.
· Position of the object: 
· After judging that the object appears in a specific area, the object can be further located via 3GPP sensing function. Positioning is based on detection, but there are more KPI requirements for positioning accuracy and sensing resolution.
· Track the objective: 
· In use cases (A)-(C), after judging that the object appears in a specific area, the object is further tracked. The 5G system opens the sensing service to the third-party applications based on the location or trajectory tracking of the sensed object. The third-party applications judge whether the sensed object will affect driving safety and takes further measures. Furthermore, tracking a specific object is feasible which need more KPI support than positioning, e.g. it needs stricter KPI requirements for velocity accuracy and resolution compared with positioning.
[bookmark: OLE_LINK8]For the above use cases, both gNB based sensing measurement and UE based sensing measurement can be considered for study.
For the detailed scenario, we think Highway scenario should be at least included considering the strong need of public safety, high probability of LOS channel conditions and the feasibility of wireless sensing. Hence, the channel modeling should be developed for Highway scenario or RMa scenario which is similar as Highway. For the performance evaluation, the simulation scenarios can refer to Rel16/17/18 positioning captured in TR 38.859 which includes both gNB and UEs. Specifically, pedestrian or vehicle can be the sensing targets for the simulation. 
Proposal 1-2: for smart transportation use cases, highway or RMa scenario should be at least included. 
· Pedestrian or vehicle can be the sensing targets.

2.3 Smart factory
In smart factory, sensing has great application potential and prospect. Similar as UAV and smart transportation. There are two typical use cases as shown in Figure 2.3-1 and Figure 2.3-2 respectively:
· AGV detection and tracking in factories. 
· AMR collision avoidance in smart factories
The sensing objects are AGVs in use case A, while the sensing objects are obstacles or people in the trajectory of AMRs in use case B. For the above use cases, both gNB based sensing measurement and UE based sensing measurement can be considered.
[image: ]
Figure 2.3-1: AGV detection and tracking in factories
[image: ]
Figure 2.3-2: AMR collision avoidance in smart factories
For the detailed scenario, it is straightforward to reuse Indoor Factory scenarios which have been defined in the current TR 38.901. For the performance evaluation, the simulation scenarios can refer to Rel-17/18 positioning such as indoor factory scenario captured in TR 38.857/859 which includes both gNB and UEs. Specifically, AGV can be the sensing targets for the simulation. 
Proposal 1-3: For smart transportation use cases, Indoor Factory scenario should be at least included. 
· AGV can be the sensing targets.

1. Sensing modes
Basic sensing modes can be divided into mono-static sensing and bi-static sensing. According to the different attributes of the devices (gNB and UE), the above classification can be further classified into six sensing modes:
1) gNB mono-static sensing 
2) gNB bi-static sensing
3) gNB as transmitter and UE as receiver
4) UE as transmitter and gNB as receiver
5) UE bi-static sensing
6) UE mono-static sensing 
The following Figure 3-1 takes gNB as an example to represent mono-static sensing and bi-static sensing.
[image: ]           [image: ]
Figure 3-1 An illustration for gNB mono-static sensing and gNB bi-static sensing
From channel modeling perspective, it is better to support all 6 sensing modes. The channel modeling generation procedure can be generic for the cases when gNB does sensing measurement and when UE does sensing measurement. During the technique enhancement stage, which sensing modes suitable for each use case can be further evaluated/determined based on the new channel models. 
It is noted that the sensing channel modeling is different from sensing techniques, where modes 1, 2, 3 and 4 can be prioritized in our view since gNBs can provide wide-area coverage for these use cases listed in Sections 2.1 to 2.3 and ensure seamless service. Especially for mode 6, it causes higher UE complexity as UE needs support of full duplex to send and receive signals simultaneously.  
[bookmark: OLE_LINK11]Proposal 2: The sensing channel modeling should be generic enough to support all 6 sensing modes
·  gNB mono-static sensing 
· gNB bi-static sensing
· gNB as transmitter and UE as receiver
· UE as transmitter and gNB as receiver
· UE bi-static sensing
· UE mono-static sensing 

1. Channel model
Channel model plays an important role for studying new techniques in wireless communication systems, and is used for performance evaluation scheme comparison. Therefore, good sensing channel modeling will provide powerful assistance to verify the feasibility of sensing function into the NR wireless communication systems.
Wireless sensing relies on the analysis of the reflected wave of the measured object to obtain the sensing measurement data. However, there is no channel modeling of the reflected wave for sensing usage in the current NR channel model in TR38.901 [2].
The complete sensing channel model generation methodologies are time-consuming and complex process. Different scenarios have different sensing requirements, so the sensing channels that need to be modeled may be also different. According to the classification of sensing scenarios, the scenarios of sensing channel modeling can generally be divided into categories below:
· Channel modeling for detection, location and tracking scenarios
The scenarios described here are mainly device-free (that is, the target object does not participate in the sensing process). What needs to be measured or captured is the overall information of the target objects including the presence, location, speed, etc.
· Channel modeling for motion recognition
Motion recognition such as health and gesture recognition are usually achieved by analyzing the micro-Doppler information of the target objects. Therefore, Doppler information of the target objects with different postures needs to be deeply constructed in the channel model.
· Channel modeling for imaging, environment reconstruction scenarios
Environmental reconstruction and target imaging, including the reconstruction of the position of static, quasi-static and dynamic scatters in the surrounding environment, the reconstruction of scattering characteristics, and the imaging of static or quasi-static targets. Basically, channel modeling for these use cases needs to reflect the finer-grained characteristics of the targets.
Sensing channel modeling is strongly related to sensing requirements. It will be a huge project to build channel models that support all the above scenarios. Hence, it’s preferred to prioritize the channel model generation methodology for a subset of typical use cases and scenarios. 
In Rel-19, we propose to prioritize the channel modeling for positioning type use case, i.e. detection of invasion, location, and tracking which can reflect the basic functionality of sensing as discussed in section 2.  
Proposal 3: The channel modeling generation methodology for the typical use cases and scenarios of object detection and tracking is prioritized. 

As similar as channel modeling for communication, typical channel modeling generation methods can also include statistical channel modeling and deterministic channel modeling for sensing, i.e. stochastic geometry and hybrid with ray tracing channel modeling respectively. 
· Option 1: Stochastic geometry channel modeling. 
· The stochastic geometry channel model is based on various statistical characteristics of the channel condition. It is a potential direction to enhance the channel model described in TR38.901 to meet the needs of sensing, such as LOS probability, cluster generation procedure, channel coefficient generation procedure and so on, and improve the characteristics of the target, such as RCS (Radar Cross Section), modify pathloss and small-scale fading channel generation.
· Option 2: Hybrid with ray tracing channel modeling. 
· Hybrid channel model is based on both ray tracing method and stochastic model, in which the interesting targets requiring high accuracy and consistency are modeled by ray tracing, and the channels of background objects are modeled by stochastic method. This method for communication is also specified in TR38.901, and can be further considered for the sensing evaluation work especially for indoor scenarios. 
Proposal 4: Consider both stochastic geometry and hybrid with ray tracing channel modeling for sensing in Rel-19, where the modeling in TR 38.901 can be the starting points.

[bookmark: OLE_LINK1]The 3GPP standardized modeling method currently widely used belongs to the channel impulse response modeling method. As shown in Figure 4-1, the channel impulse response modeling is comprised of multiple clusters where the components of each cluster may include angle, delay, power, etc.  
[image: ]
Figure 4-1 Channel impulse response modeling
In the above 3GPP standardized model for communication, the typical reflected and scattered signal from sensing target is not modeled with clear geometry information. For sensing, the location and some other characteristics of the sensing targets should be clearly modeled for the performance evaluation and comparison, so the deterministic clusters with Tx-Target path and Target-Rx paths are needed. During the transmission, some signals pass through the sensing target, and therefore these signals carry information about the sensing targets. However, the other signals, i.e. environment clutters do not carry such information because they do not pass through the sensing target but are reflected by the environment. 
          
(a)  Mono-static sensing mode                     (b) Bi-static sensing mode
[image: ]
Figure 4-2 Method of modeling the LOS echo signals that pass through the sensing target and environmental target
 As shown in Figure 4-2 and 4-3, sensing channel can be separated into two parts:
·  	Sensing channel of sensing targets: includes LOS and NLOS echo channels between the transceiver and sensing targets. The sensing targets can be vehicles, drones, passengers, and so on. This part mainly considers the channel modeling related to the sensing target object including all non-negligible propagation paths passing through the target object(s).
·  	Sensing channel of environment: includes LOS and NLOS echo channels between the transceiver and environmental targets. The environmental targets can be environmental scatters, such as buildings, ground, and plants. The environment channel does not include critical information of the target object(s).

[image: ]                
Figure 4-3 Illustration of Channel modeling for target and environment

Proposal 5: The sensing channel can be separately modeled for sensing targets and environment as follows:


Especially for channel modeling on sensing targets, Radar Cross-Section (RCS) characteristics should be studied.  For different types of sensing targets, e.g. UAVs, vehicles, or AGV, the RCS values are usually different and further impact the channel modeling. 
Proposal 6: RCS characteristic for different types of sensing targets should be studied for sensing channel modeling. 

1. Suggested work plan for Rel-19
Besides use cases, scenarios, performance requirements and channel modeling, we think it is also possible to have evaluation methodology, performance evaluation and even sensing techniques enhancement study in Rel-19, but it will depend on the progress of the channel modeling. 
Here is our general suggestion for Rel-19 ISAC study item:
Support ISAC SI in Rel-19 including the following items: 
· Study use cases, scenarios, and performance requirements for ISAC
· In NR Rel-19, prioritize object detection and tracking type of use cases, including UAV, smart transportation, and smart factory scenarios.
· For UAV use cases, RMa scenario with large ISD should be at least included. 
· For smart transportation use cases, High way or RMa scenario should be at least included. 
· Pedestrian or vehicle can be the sensing targets.
· For smart transportation use cases, Indoor Factory scenario should be at least included. 
· AGV can be the sensing targets.
· Sensing channel modeling should be generic enough to support all 6 sensing modes
·  gNB mono-static sensing 
· gNB bi-static sensing
· gNB as transmitter and UE as receiver
· UE as transmitter and gNB as receiver
· UE bi-static sensing
· UE mono-static sensing 
· [bookmark: _GoBack]Consider both stochastic geometry and hybrid with ray tracing channel modeling for sensing in Rel-19, where the modeling in TR 38.901 can be the starting points. 
· The sensing channel can be separately modeled for sensing targets and environment as follows:


· RCS characteristic for different types of sensing targets should be studied for sensing channel modeling. 
· Further check in the middle of Rel-19 duration if other items such as evaluation methodology, performance evaluation and even ISAC technique enhancement study can be included, depending on the progress of channel modeling

1. References
[1] 3GPP TR 22.837, Feasibility Study on Integrated Sensing and Communication, V0.4.0, 2023-03.
[bookmark: issueDate][2] 3GPP TR 38.901, Study on channel model for frequencies from 0.5 to 100 GHz, V17.0.0, 2022-03.
[3] 3GPP TS 22.137, Service requirements for Integrated Sensing and Communication, V1.0.0, 2023-09


1. Appendix
14

Table 6.2-1:	Performance requirements for 5G Wireless sensing in TS 22.137 [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]

	
	
	
	
	

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

	
	2 
	95
	5
	1
	1
	1
	1 
	1
	1000
	1
	5
	5
	Outdoor (e.g., detection of human, UAV) requiring higher performance than category 1

	
	3 
	95
	1
	N/A
	1
	N/A
	1

	1 x 1
	100 (NOTE 2), or 1000 (NOTE 3)
	0.1

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

	
	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, otherwise,
N/A
	0.5 

	5 x 5
for factories 0.5 may be needed
	250
	0.25
	1
	5
	Indoor/outdoor (e.g., detection tracking of human, animal, UAV, AGV, vehicle) requiring higher performance than category 3 

	
	5 
	95
	short range radar; 0.02, otherwise; 0.1
	0.5
	0.03
	N/A
	 0.4
	0.1 x 0.6
	50
	0.05
	1
	1
	Indoor/outdoor (e.g., detection tracking of human, animal, UAV, AGV, vehicle) requiring higher performance than category 4
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