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3GPP™ Study Item Description

Information on Work Items can be found at http://www.3gpp.org/Work-Items 
See also the 3GPP Working Procedures, article 39 and the TSG Working Methods in 3GPP TR 21.900
Title: 
Study on integrating sensing with communication in NR
Acronym: NR_ISC
Unique identifier: 
 xxxxxx
	This SID includes a Core part
	X

	This SID includes a Performance part
	X


Potential target Release: Rel-18
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Classification of the Work Item and linked work items
2.1
Primary classification
This work item is a

	
	Feature

	
	Building Block

	
	Work Task

	X
	Study Item


2.2
Parent Work Item 
	Parent Work / Study Items 

	Acronym
	Working Group
	Unique ID
	Title (as in 3GPP Work Plan)

	
	
	
	


2.3
Other related Work Items and dependencies
	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	
	
	

	
	
	


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 communication and sensing (ICAS) is a common direction. The ICAS can extend the capability of network from “listen and talk” to “see and feel” and create a digital sense augmenting human intelligence. 
We envision that the trend is moving from a connected society to a connected everything, 5G+/6G will continues this trend from connected people/things to connected intelligence. There will be more and more intelligent devices connected in smart ways in future networks. With ICAS, the intelligent devices will have the capability to sense their surroundings, and exchange their observations through communication. In addition, with Artificial Intelligence (AI) combined with 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 consumers and industry customers.

In addition, Artificial Intelligence (AI) can be combined with sensing capability, for the devices to fuse the physical and biological worlds with cyber worlds such that the network will have the cognitive ability similar to human beings and provide various intelligent services for consumers and industry customers. The sensing communication 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 the high data rate and the ultra-low latency communication and real-time sensing for vehicle driving environment. Through multi-vehicle driving environment sensing and sharing, the driver on the road can obtain the driving surrounding environment outside their own field of vision, avoid obstacles and select appropriate routes. With ICAS, it is easy to imagine that an autonomous driving car could work well or even better 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 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, hazard detection, collision avoidance and compliance with UAV regulations.
· Environmental monitoring: ICAS network can obtain environmental information such as temperature, humidity and air particle concentration with the transmission characteristics of radio signals. By analysing attenuation characteristics of the millimeter wave, we can monitor rainfall or other changes in the atmospheric environment, such as water vapor, air pollutants and insects.
· Industry automation: ICAS network can sense and monitor the scheduling of network nodes, robots and the cluster operation of multiple machines in the intelligent factory. The automation system could make the global optimal decision by collecting all these sensing and monitoring data, greatly improve 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……
The use of higher frequency bands (from mm-Wave to THz), wider bandwidth, and denser distribution of massive arrays in 5G and future 6G systems may become a main booster to enable the integration of wireless sensing and communication in a single system to mutually enhance each other. Thus, on one hand, the wireless system as a whole can serve as a sensor and explore the radio wave transmission, reflection, and scattering to sense and better understand the physical world, providing a broad range of new services. 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 positioning functions by means of beam detection/tracking, many studies show that ICAS can provide more accuracy and richer sensing content than the 5G existing sensing capability. 

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 ICAS is also very meaningful for promoting 5G network to provide more intelligent services to consumer and industrial customers, at the same time, it can also make technical preparations for 6G ICAS design. So, it is proposed to start a study item of ICAS in Rel-18 to study integrating the sensing capability on the existing 5G network.

The integration of sensing and communication functions can happen at different levels, from loosely coupled to fully integrated, from shared spectrum, shared hardware, to shared signal processing and protocol stacks, and even cross module, cross-layer information sharing, benefiting one another. Since the 5G system has been deployed widely, in 5G+, the ICAS should be based on the existing architecture and carried out in the loose coupling mode.
4
Objective

4.1
Objective of SI or Core part WI or Testing part WI
This study item aims at studying integrated communication and sensing (ICAS) technic to enable the sensing services in 5G RAN system. The Rel-18 study should focus on the network centric based sensing. Architecture enhancement should use the existing 5GS architecture as the baseline and also consider the forward compatibility aspect to support more sensing use cases and capabilities in the future.

The detailed objectives are as follows: 
Objective 1: Identify and categorize use cases and related KPIs: 
· Identify and categorize typical use cases and their related KPIs, such as:
· Autonomous vehicles
· UAV

· Ultra-high precision positioning
· Weather or air pollution monitoring

· Real-time monitoring

· Down-selection of use cases and KPIs for performance evaluation;
Objective 2: Study and develop ICAS evaluation methodology and conduct performance evaluation based on the conclusion of objective 1:
· Channel model analysis, extend and selection for ICAS [RAN1]; 
· Sensing mode selection: [RAN1]:
· Active sensing
· Passive sensing
· Multiplexing mode and frame design of sensing and communication signal transmission [RAN1];

· Other related parameters, including but not limited to [RAN1]:

· Sensing wave form, resource allocation, carrier frequency, bandwidth, transmission power of sensing signal, the number of RX/TX chains, …… 
· Evaluation and performance comparison between the existing 5G system with and without radio sensing support for each use cases concluded in Objective 1;

Objective 3: Study potential solution for sensing support and identify the potential specification impact;
· Study and identify sensing wave form [RAN1];
· Study and identify multiplexing transmission mode of communication and sensing [RAN1 led, RAN2]:
· Division Multiplexing Mode: TDM, FDM…
· Frame design for sensing signal;
· Study and identify sensing mode: [RAN1 led, RAN2]
· Active sensing
· Passive sensing
· Study and identify the method integrated sensing with communication on the top of the existing 5G network architecture [RAN1 led, RAN3, RAN2]:

· Loose coupling to support sensing capability;

· Tight integration of sensing and communication;
· Other mechanism and procedure to support sensing in 5G [RAN1 led, RAN2, RAN3]

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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Expected Output and Time scale

	New specifications {One line per specification. Create/delete lines as needed}

	Proposed Spec no. or series
	Type (see note 1) 
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	
	
	
	
	
	


	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	
	
	
	


6
Work item Rapporteur(s)
7
Work item leadership

Primary:
RAN WG1

Secondary:  RAN WG2, RAN WG3, RAN WG4
8
Aspects that involve other WGs
9
Supporting Individual Members
	Supporting IM name

	

	

	

	

	

	


