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1	Introduction
It is planned to hold the workshop for RAN Rel-19 and thus provides guidance for a stable topic list at the end of 2023 [1]. In this contribution, we present our views on the potential topic of integrated sensing and communication (ISAC). Specifically, we discuss the motivation, typical use case, sensing mode and objectives for ISAC.
2	Discussion
2.1 Motivation
Along with the trend of automation and digitalization, sensing becomes one key enabler of intelligent industry in many scenarios. With sensing capability, a smart device is capable to perceive the surrounding environment, and exchange observations for different purposes. Meanwhile, sensing is also able to activate smart home services and benefit people in most of their lifetimes. It is expected that integrated sensing and communication (ISAC) technique can provide sensing capability with low additional cost for a wireless communication system.
Meanwhile, it is recognized that sensing capability will benefit communication in return. For instance, sensing can provide the position of a moving UE to improve the beam management accuracy, while positioning capability from UE is not required. Another example is applying sensing results to optimize the strategies/parameters for communication, including resource allocation, handover, channel estimation, etc. 
In past years, 5G system offers communication service with high data rate, ultra-reliable low latency and massive connectivity. 5G-A system not only further improves the communication efficiency and capability, but also targets penetrating more vertical industries. For better economic benefits, it is attractive to enable sensing capability in 5G-A. Note that, preliminary study on ISAC is almost completed in SA1 [2]. 
We believe Rel-19 is a suitable phase to start ISAC study for 5G-A in RAN. Prospecting the future, study on ISAC can even accumulate valuable experience for system design in next generation.
Proposal 1: RAN starts ISAC study in Rel-19, considering:
· Commercial demand from vertical industry,
· Completeness of corresponding study in SA1,
· Future-oriented experience accumulation.
2.2 Use case
Use case identification should be the first step of RAN study. In TR 22.837, SA1 summarizes a total number of 32 use cases for ISAC. It is well understood that different use cases have different KPIs in both sensing and communication. Subsequently, the most suitable/typical frequency ranges or bands for different use cases will be divergent. 
RAN should select a few use cases from them with the following principles:
· Strive to use minimum number of use cases to cover most interested/major areas.
· The selection shall cover use cases with different requirement of sensing accuracy.
· The selection shall cover both object-oriented and area-oriented use cases.
· Object-oriented sensing is targeting at one or more specific objects, while area-oriented sensing is to sense the whole environment of the interested area.
· The selection shall cover both outdoor and indoor scenario.
Based on the principles above, we propose to include the following four categories of use cases in the study: intelligent transportation, smart factory, public regulation and safety, smart home. Table 1 summarizes the characteristics of these four categories of use cases in different dimensions.
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	Intelligent transportation
	Smart factory
	Public regulation and safety
	Smart home

	Examples of  sensing functionality
	Generation of dynamic 3D map, automatic driving, vehicle or pedestrian tracking
	AGV (automated guided vehicles) detection and tracking, Autonomous mobile robots (AMR) collision avoidance
	UAV intrusion detection, railway intrusion detection
	Health care, gesture recognition, intruder detection

	Requirement of sensing accuracy
	Medium ~ High
	High
	Low ~ Medium
	Low ~ High

	Object-oriented or area-oriented
	Area-oriented
	Object-oriented, Area-oriented
	Object-oriented, Area-oriented
	Object-oriented

	Indoor or outdoor
	Outdoor
	Indoor
	Outdoor
	Indoor


It can be seen that these four use cases cover all dimensions that need to be considered. We propose to include these four categories of use cases for ISAC study in RAN. The details (e.g. requirement of sensing accuracy, confidence level) can be further discussed and fine-tuned. 
Proposal 2: For ISAC study in RAN Rel-19, the following categories of use cases are included:
· Intelligent transportation,
· Smart factory, 
· Public regulation and safety,
· Smart home.
2.3 Sensing mode
Regarding sensing signal transmission and reception, different sensing modes have been proposed. As illustrated in Figure 1, at least the following six sensing modes are identified in 3GPP network.
· (a) gNB mono-static: one single gNB as transmitter and receiver
· (b) gNB bi-static: one gNB as transmitter, another gNB as receiver
· (c) gNB-to-UE bi-static: gNB as transmitter, UE as receiver
· (d) UE-to-gNB bi-static: UE as transmitter, gNB as receiver
· (e) UE mono-static: one single UE as transmitter and receiver
· (f) UE bi-static: one UE as transmitter, another UE as receiver
[image: ]
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Different sensing modes have different pros and cons. For example, mono-static sensing may require strict Tx/Rx isolation, while bi-static sensing performance may be heavily impacted by timing error. Among all options, we have higher interest in those involving gNBs. This is due to the fact that gNB has obvious advantages in higher spatial resolution, higher transmission power, higher computation power, better sensitivity, and naturally supports inter-node cooperation. 
We propose at least including gNB-involved sensing modes (i.e. mode a, b, c, d) in the study. We are open to consider UE-only sensing mode (i.e. mode e, f) if companies have strong interest. 
Proposal 3: For ISAC study in RAN Rel-19, at least gNB-involved sensing modes should be included.
2.4 Objective
As an extension of 5G-A, it is strongly preferred to reuse hardware, RF framework and waveform of NR for ISAC. Otherwise, huge implementation effort is foreseen for equipment development. It will be quite sceptical if ISAC can be put into commercial use in time. 
Proposal 4: For ISAC study in RAN Rel-19, strive to reuse NR hardware, RF framework and waveform.
Unlike other topics, sensing capability is brand new for NR, in which the goal is to detect a ‘passive’ object/area from the echo signal. We should avoid rushing into normative phase before a comprehensive understanding is reached. Many pieces are still missing for judging the feasibility, applicability and trade-off for implementing sensing in NR system. These pieces, namely objectives, are listed below in an order of importance:
(1). Use case identification: identity the most interested use cases and the corresponding target frequency range, KPIs, and applicable sensing modes.
(2). Channel model: for identified use cases, channel models are essential for evaluation.
(3). Metrics & evaluation methodology: metrics are tightly correlated to the KPIs of identified use cases. Examples of metrics include delay, signal strength, angle of arrival/departure, Doppler, carrier phase, etc. 
(4). Evaluation for each identified use case: based on the agreed metrics and evaluation methodology, evaluation is needed to examine whether the sensing KPIs can be met and to demonstrate the effectiveness of potential enhancement techniques. 
(5). Architectures and procedures in RAN1/RAN2: this may include, e.g., sensing signal design, measurement/sensing qualities, report of sensing results, resource allocation, protocol design, etc.
(6). Architectures and procedures in RAN3: this may include, e.g., sensing result exchange, assistance information exchange, etc.
(7). Feasibility and test requirements in RAN4: feasibility and requirements may be varying between different sensing modes. For example, RAN4 may focus on self-interference for mono-static sensing but synchronization requirement for bi-static sensing.
Whether all these objectives are targeted depends on the available TU. With ample TU, the study of all objectives should be finished within Rel-19. If the available TU is quite limited, we should focus on the most essential parts, i.e., objective (1) ~ (3) in the list.
Proposal 5: For ISAC study in RAN Rel-19, the objectives may include:
· 1st priority
· Use case identification,
· Channel model,
· Metrics & evaluation methodology,
· 2nd priority
· Evaluations for each identified use case,
· Architectures and procedures in RAN1/RAN2,
· 	Architectures and procedures in RAN3,
· Feasibility and test requirements in RAN4.
4	Conclusion
In this contribution, we share our views on ISAC study in RAN Rel-19. The proposals are summarized in the following. 
Proposal 1: RAN starts ISAC study in Rel-19, considering:
· Commercial demand from vertical industry,
· Completeness of corresponding study in SA1,
· Future-oriented experience accumulation.
Proposal 2: For ISAC study in RAN Rel-19, the following categories of use cases are included:
· Intelligent transportation,
· Smart factory, 
· Public regulation and safety,
· Smart home.
Proposal 3: For ISAC study in RAN Rel-19, at least gNB-involved sensing modes should be included.
Proposal 4: For ISAC study in RAN Rel-19, strive to reuse NR hardware, RF framework and waveform.
Proposal 5: For ISAC study in RAN Rel-19, the objectives may include:
· 1st priority
· Use case identification,
· Channel model,
· Metrics & evaluation methodology,
· 2nd priority
· Evaluations for each identified use case,
· Architectures and procedures in RAN1/RAN2,
· 	Architectures and procedures in RAN3,
· Feasibility and test requirements in RAN4.
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