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3
Justification

5G New Radio (NR) systems are deployed and offer high data rates and ultra-reliable low latency services. Vertical industries start to apply 5G to improve the industry automation and digitalization. At this juncture, academic and industry research is shifting focus towards 5G+ and 6G. Numerous papers on 5G+ and 6G technologies have been published. In many of these works, the integrated sensing and communication (ISAC) is a well-recognized direction. The ISAC can extend the capability of network from “listen and talk” to “see and feel” and create a digital scene augmenting human intelligence. 
5G+/6G development will promotes the intelligent connection of everything, there will be more and more intelligent devices connected in smart ways in future networks. With ISAC, those intelligent devices will have the capability to sense their surroundings, and exchange their observations. In addition, with Artificial Intelligence (AI) combined with wireless sensing capability, the network will have the cognitive ability to fuse the physical and biological worlds with cyber worlds, and provide various intelligent services for all kinds of consumers.

With ISAC, the network can bring much benefit for many use cases, such as:

· Intelligent Transportation: The smart car revolution has led the way in research on intelligent transportation systems (ITS). ITS requires high data rate, ultra-low latency communication and real-time sensing for driving environment. Through multi-vehicle sensing and sharing, the drivers on the road can obtain the environment information outside their own field of vision, avoid obstacles and select appropriate routes. With ICAS, it is feasible to support autonomous driving in all types of weather and light conditions.
· Unmanned Aerial Vehicle (UAV) network: UAV could be used as an air base station for various emergency scenarios, such as disaster rescue. In these use cases, compared with visual sensors which are sensitive to ambient light conditions, wireless sensing is more stable and reliable. It can provide all-weather service, increase UAV mobility and flexibility, help UAV cluster formation flight, support hazard detection, avoid collision and comply with UAV regulations.
· Industry automation: ISAC network can sense and monitor the scheduling of network nodes, robots, and cluster operation of multiple machines in the intelligent factory. By collecting all these sensing and monitoring data, the automation system makes global optimal decisions, which greatly improves the work efficiency and stability of large-scale machines, and then realize high timeliness and large-scale industrial machine applications such as machine cluster navigation and formation in the automation factory……
· Environmental monitoring: ISAC network can use the characteristics of radio signals to obtain environmental information such as temperature, humidity, and air particle concentration. By analyzing attenuation properties of the millimeter wave, it is possible to monitor rainfall or other changes in the atmospheric environment, such as water vapor, air pollutants and insects.
The use of higher frequency bands (from mm-Wave to THz), wider bandwidth, and denser distribution of massive arrays in 5G-A and future 6G systems may become a main booster to enable the integration of wireless sensing and communication in a single system in order to mutually enhance the performance of each other. Thus, on the one hand, the wireless system can serve as a sensor to explore the radio wave transmission, reflection, and scattering for better understanding the physical world, on the other hand, the capabilities of high-accuracy localization, imaging, and environment reconstruction obtained from sensing could help improve the communication performance such as more accurate beamforming, faster beam failure recovery, and less overhead to track the channel state information (CSI). Although 5G already offer the UE positioning functions by means of beam detection/tracking, 5G with ISAC can provide sensing function for not only UEs but also non-UE objectives. 

It is generally considered that the sensing capabilities should be natively integrated into the 6G communication system. However, as the process of industrial automation and digitalization has begun in 5G, the research of 5G ISAC is also very meaningful for promoting 5G network to provide more intelligent services to all kinds of customers, at the same time, it can also make technical preparations for 6G ISAC design. So, it is proposed to start a study item of ISAC in Rel-19 to study integrating the sensing capability on the existing 5G network.

There are six basic sensing modes, shown in Fig.1 below, i.e. gNB-based mono-static sensing, gNB-based bi/multi-static sensing, gNB-to-UE-based sensing, UE-to-gNB-based sensing, UE-based mono-static sensing, UE-based bi/multi-static sensing.
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Fig.1 six sensing modes

The implementation of these six sensing modes can be categorized into two types, one is the sensing function only depends on gNB implementation, i.e. gNB-based sensing, the other is the sensing function depends on the collaboration of gNB and UE, including gNB and UE based sensing and UE-based sensing. The two types of ISAC implementations have their Pros and Cons respectively, as shown in Table 1.
Table 1 Pros and Cons of different sensing modes
	Sensing Types
	gNB-based sensing
	gNB and UE-based sensing, UE-based sensing

	Pros
	· Relatively easy to be implemented compared with gNB and UE based ISAC;

· Sensing function applied for all kinds of UEs;

· Easy for operator deployment, only need to update RAN and CN;
	· Support more sensing use cases such as Health Monitoring;

· More accurate sensing ability;



	Cons
	· Not support some sensing use cases, such as Health Monitoring;

· Relative low sensing accuracy;
	· High implementation complexity, both gNB and UE need to be implemented; 

· Sensing function could not be rapidly deployed, depends on not only gNB upgrade but also sensing UE penetration;


As gNB-based sensing mode is easy to complement and deploy, and for considering the timeline of 5G-A and 6G, it may be more appropriate to start a SI on gNB-based sensing mode in order to support ISAC in 5G-A. 
This SI will achieve several goals: 
· To select use cases with the corresponding identification of KPIs according to gNB-based sensing modes;
· To study and identify the specification impact of the establishment/modification/cancelation of the sensing service for supporting the identified use cases with corresponding KPIs;
· To study and identify the specification impact of information exchange over network interfaces for supporting the identified use cases with corresponding KPIs;
Since the 5G system has been deployed widely, the SI of ISAC should be carried out based on the existing 5G architecture to maximize the reusing of 5G network. 

4
Objective

4.1
Objective of SI or Core part WI or Testing part WI
This study item aims at studying integrated sensing and communication (ISAC) technic based on gNB-based sensing mode to enable the sensing services in 5G RAN system. The study should take the existing 5G system as the baseline and also consider the forward compatibility aspect to support more sensing use cases and capabilities in the future.

The objectives are as follows: 
· Identify use cases that gNB-based ISAC could well applies for, with selecting suited sensing modes [RAN3/RAN]
· The potential use cases include but not limit to Intelligent Transportation, Unmanned Aerial Vehicle (UAV) network, Industry automation, Environmental monitoring etc;
· The sensing modes could be selected as mono-static sensing, bi-static sensing and multi-static sensing, etc;
· Study standardization impacts on the sensing service interfaces and procedures towards sensing establishment, control and data reporting [RAN3]

· The Mono-static sensing mode is considered as baseline;
· Additional impacts need to be studied to support for bi-static and multi-static sensing modes;
· Specially, study the impact to make NG-RAN acting as a sensing client towards sensing facilitating communication scenario.
· Study signalling and procedures on the support for Bi-/Multi-static sensing functions [RAN3]
· Study signalling and procedures on the interference handling between sensing signals and between sensing and communication signals [RAN3]

· Study signalling and procedures on the support for Multi-gNB collaborative sensing functions [RAN3]
· Study signalling and procedures on the support for sensing service continuity in mobility scenario, if any [RAN3]
· Study the necessity to introduce local sensing function within NG-RAN node from e.g. latency point. [RAN3]

The studies should be focused on the current NG-RAN architecture and interfaces to enable sensing support for 5G deployments.

Coordination based on LSs with other groups, if needed, e.g. SA2, SA1, RAN2, SA3 and SA5.

4.2
Objective of Performance part WI

Not applicable.
4.3
RAN time budget request

additional comments to the time budget request in the attached Excel table:
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