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Introduction
Integrated sensing and communication (ISAC) is recognized as one of the most promising technologies to extend capabilities and enlarge markets for 5G/5G-Advanced and draws a lot of attentions recently.
In SA1, a Study Item on ISAC for NR in Rel-19 started since June 2022 [1], and the corresponding objectives include studying use cases and requirements for enhancement of the 5G system to provide integrated sensing and communication services addressing different target verticals or applications. The Study Item was completed and 32 use cases are identified and captured in TR 22.837 [2]. A following-up Work Item [3] was approved in June 2023 targeting to specify ISAC service requirements for 5G system functionality. Till submission of this contribution, the WI is completed in SA1 and the service requirements for 5G ISAC in Rel-19 are captured in TS 22.137 [4] subject to TSG SA approval.
According to SA1 study and normative work, it is recognized that sensing is a new capability for 5G/5G-Advanced. This capability brings a set of new services for customers and verticals. It is an opportunity for both operators and UE vendors to offer new services and generate potential new revenue.
In RAN Rel-19 workshop, the topic of integrated sensing and communication received a lot of attention and is captured as one of the most important topics for Rel-19 in the endorsed RAN chair’s summary [5]. There is strong interest from companies to further investigate ISAC including channel modelling, scenarios, use cases, and potential specification impact.
In this contribution, we provide our views on the scope of integrated sensing and communication for Rel-19.
Discussion
1.1. Overall consideration
There are common interests among companies to study ISAC channel modelling. In addition to interests in channel modelling, there are operators cross regions expressed clear market demand for ISAC especially for network-based solution. So in our view, the scope of ISAC in Rel-19 should include not only channel modelling but also performance evaluation and RAN architecture impact analysis for the most expecting use cases, so as to meet urgent market needs.
Proposal 1: In addition to channel modelling study, additional techniques should also be included in the scope of Rel-19 integrated sensing and communication to meet urgent market needs. 
1.2. On scenarios and use cases
Referring to TS 22.137[4], the performance requirements for 5G wireless sensing are summarized for three scenarios and seven categories. Among the three scenarios of object detection and tracking, environment monitoring and motion monitoring, the first scenario gains the highest attention as more than half (four from the seven) categories belong to it. With that, the scenario of object detection and tracking should be prioritized in Rel-19 in our view.
Proposal 2: The scenario of object detection and tracking is the focus of Rel-19 ISAC. 
Even for scenario of object detection and tracking, there are diverse sensing services where the sensing target can be unmanned aerial vehicle (UAV), human, vehicle and etc, and the sensing area can be either outdoor or indoor. It is obviously overburden to explore all these services in Rel-19 ISAC, and thus it is suggested to prioritize the most promising cases considering the immediate commercial value. In accordance with some public information from market insight, it is seen that the services of low-altitude UAV detection and smart transportation have clear requirements for sensing and potential huge markets, and thus these two cases should be considered in Rel-19. Considering that UAV detection for safety guarantee is a common and worldwide requirement which is more urgent than smart transportation, it should be put in the first place. 
· For the scenario of low-altitude UAV, the requirement for wireless sensing is urgent. From the police perspective, they need to protect the safety in public areas, especially important places such as stadium, squares that used for celebrations, and the safety is for both ground and low-altitude. The illegal drones should be detected at once. For enterprise, they need to prevent UAV from causing accident and stealing confidential information. As found from public information, in China, the total markets for anti-drone from 2020 to 2025 will reach ￥33 billion, and the touchable UAV detection market will be ￥16 billion. Moreover, based on the Drone Industry Insights, in Germany, the anti-drone market will be $6.6 billion by 2024, and will reach $50 billion by 2030, while the touchable UAV detection market will reach $12 billion by 2030.
· In the case of smart transportation, wireless sensing devices are becoming essential equipment on roads due to the appealing wireless sensing capabilities on important roads including highway and busy intersections for better traffic monitoring and management for the road owners. More importantly, wireless sensing has obvious advantages in all-weather, all day-and-night and longer sensing distance when it compares with video devices, e.g. cameras. Even compared with present 24GHz or 77GHz traffic radar, the cellular sensing in 26~28GHz band has advantages in terms of sensing coverage and accuracy due to its higher EIRP and larger bandwidth. 
Proposal 3: UAV detection/tracking and vehicle detection/tracking are both included, with UAV prioritized, in Rel-19 ISAC.
1.3. On channel modelling
As suggested, the ISAC study in Rel-19 should focus on a small number of high priority cases but the ISAC channel modelling should potentially be capable to cover all use cases in TS 22.137 and possibly also some future use cases. Meanwhile, the channel modelling study should also be targeted to support the performance evaluation for high priority cases to be completed in Rel-19. Thus, it is required to achieve consensus on the overall modelling framework and detailed parameters at least for one use case, i.e., UAV detection, by the checkpoint in September 2024 [6]. After that, performance evaluation for UAV detection and channel modelling study for smart transportation and other use cases can proceed in parallel. 
Proposal 4: To proceed ISAC channel model study in stepwise manner, where the overall modelling framework and parameterization for UAV detection/tracking is prioritized before the checkpoint in September 2024.
For modelling methodologies, TR 38.901 can be a starting point. Different from the channel modelling for communication, one of the key aspects is to model the radar cross section (RCS) of the sensing target properly. The target can be UAV, vehicle, pedestrian etc, with different sizes and shapes. As stated in TS 22.137, for sensing service categories to which UAV or vehicle is a sensing target, the typical size (Length x Width x Height) of UAV and vehicle is 1.6m x 1.5m x 0.7m and 7.5m x 2.5m x 3.5 m, respectively. Note that, with 100MHz bandwidth for sensing, the sensing resolution in range domain is 1.5m in theory. It implies that a UAV will only have a single scattering centre for reflection while a vehicle is likely to have 4~5 scattering centres. An example of multiple scatters from a vehicle can be found in Figure 1. The channel modelling framework should be scalable enough to support such different use cases, e.g. use cases with different number of scatters from one object.
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Figure 1: An example of multiple scatters for a vehicle
In addition, considering specific evaluation requirements of ISAC use cases where the location and/or velocity of a given target should be contiguous in consecutive time slots, capturing characteristics of both deterministic target and stochastic background as in Figure 2, i.e., a hybrid channel model, is a good option.
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Figure 2: Hybrid Channel Modelling for ISAC
Proposal 5: For modelling methodology, a hybrid model that models deterministic target and stochastic background should be investigated, including scalable channel modelling framework for different ISAC use cases.
1.4. Additional techniques for ISAC in Rel-19
To verify whether or not 5G/5G-Advanced system can satisfy the sensing requirements for aforementioned high priority cases, and to further identify potential enhancement, it is suggested to conduct performance evaluation in RAN1. It is noted that the performance and potential RAN impact are distinct for different sensing modes. In general, there are totally 6 modes for sensing as following:
· Mode 1: gNB-based sensing in monostatic mode, where a single gNB transmits sensing signal and receives the echo signal.
· Mode 2: gNB-based sensing in bistatic mode, where one gNB transmits sensing signal while another gNB receives the echo signal.
· Mode 3: gNB-UE sensing mode, where gNB transmits sensing signal and UE receives the echo signal.
· Mode 4: UE-gNB sensing mode, where UE transmits sensing signal and gNB receives the echo signal.
· Mode 5: UE-based sensing in monostatic mode, where a single UE transmits sensing signal and receives the echo signal.
· Mode 6: UE-based sensing in bistatic mode, where one UE transmits sensing signal while another UE receives the echo signal.
For UAV detection, the sensing range for drones is required to be hundreds of meters or longer. For such cases that require long range sensing capability, the gNB-based sensing modes are obviously the most suitable choices due to higher transmission power. For gNB-based sensing modes, both monostatic and bistatic sensing modes are possible, but the bistatic sensing mode requires that the target has both LOS channels with the two gNBs, which is stricter than monostatic sensing mode in practical scenario. Thus, it is preferred to consider the monostatic mode with priority for gNB-based sensing.
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Figure 3: Illustration of gNB-based sensing in both monostatic and bistatic modes
[bookmark: OLE_LINK1]Regarding the impact to the physical layer, for the gNB-based sensing modes, allocating sensing and communication resources in time division multiplexing manner is straightforward and effective, i.e., some symbols within a slot are used for sensing while others can be still scheduled for communication. In this case, there is no interference between sensing and communication. An example is illustrated in the following figure, where two symbols within a downlink slot are used for sensing only. In addition, it is effective to reuse OFDM waveform for sensing, where the corresponding signal transmission and reception procedures can be found in [8]. 
[image: ]
Figure 4: Example of multiplexing between sensing and communication
More importantly, for the gNB-based sensing modes, TDMed sensing and communication resources can be transparent to UE and no RAN1 impact is envisioned. The symbols used for sensing can be resource block (RB)-symbol level reserved resources that have been supported by legacy UEs communication for rate matching since Rel-15. Therefore, no RAN1 impact is foreseen.
Architecture enhancement for ISAC has been proposed and is under discussion in SA2. In our view, the architecture design for sensing should be led by SA2 and RAN should have the alignment work as needed. RAN3 should be involved as early as possible for e.g. the choice of the interface, termination point and the protocols for UP etc.
Proposal 6: At least gNB-based monostatic sensing is included for the study/work on additional techniques in Rel-19 ISAC, while UE-based sensing can also be included if there is clear demand. 
Conclusions
In this contribution, we discussed the scope for integrated sensing and commutations in Rel-19. The observation and proposals are given as following:
Proposal 1: In addition to channel modelling study, additional techniques should also be included in the scope of Rel-19 integrated sensing and communication to meet urgent market needs. 
Proposal 2: The scenario of object detection and tracking is the focus of Rel-19 ISAC. 
Proposal 3: UAV detection/tracking and vehicle detection/tracking are both included, with UAV prioritized, in Rel-19 ISAC.
Proposal 4: To proceed ISAC channel model study in stepwise manner, where the overall modelling framework and parameterization for UAV detection/tracking is prioritized before the checkpoint in September 2024.
Proposal 5: For modelling methodology, a hybrid model that models deterministic target and stochastic background should be investigated, including scalable channel modelling framework for different ISAC use cases.
Proposal 6: At least gNB-based monostatic sensing is included for the study/work on additional techniques in Rel-19 ISAC, while UE-based sensing can also be included if there is clear demand. 
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