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Introduction
Integrated sensing and communication has been recognized as one of the most promising technologies to extend the capabilities and also enlarge the market for cellular network, which draws a lot of attentions recently.
In SA1, a study item on integrated sensing and communication (ISAC) for NR in Rel-19 started since June 2022, SA1#97 meeting [1]. The corresponding objectives include studying use cases and requirements for enhancement of the 5G system to provide integrated communication and sensing services addressing different target verticals or applications. The Study Item was completed by 100% where a branch of use cases are captured in the technique report, i.e., TR 22.837 [2]. Besides, a following-up Work Item [3] has been approved in June 2023 and completed by 80% until now. The objective is to introduce KPIs and 5G system functional requirements for wireless sensing service.   
According to the output of the study from SA1, it is recognized that the integrated sensing is an entirely new capability. This capability promises a set of new services for customers and verticals. It is indeed an opportunity for both operators and UE vendors to offer new services. Thus, it is makes sense for RAN to set up a SI/WI on this important topic to promote the specification progress. 
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 [4]. 
In this contribution, we will provide our views on the scope of integrated sensing and communication for Rel-19.
Discussion
1.1. Overall interest
According to the RAN chair’s summary of Rel-19 workshop [4], there is strong interest for ISAC including channel modelling, scenarios, use cases, and potential specification impact including architecture and physical layer, etc. 
It should be emphasized that once a new work is started in 3GPP, scenarios and use cases always come first. The second priority is network architecture, while channel modelling and physical layer impact will be the last items to be studied particularly when a network solution is available, and ready to the market.
We do understand on ISAC matter, that the scope is wide, but there is no need to explore all, then get a conclusion on all these possibilities before going to normative work when a solution, the network solution, could be deployed as first step quickly. A stepwise development and deployment of ISAC could be beneficial for the 3GPP members. 
1.2. On scenarios and use cases
The scenarios and use cases for sensing have been studied in SA1 for more than a year, and the corresponding technical report, i.e., TR22.837 is completed. The use cases for ISAC are in 5 categories including smart transportation, low-altitude UAV, smart city, smart home and smart factory, and some detailed cases are listed as following:
· Smart transportation: including intrusion detection on a highway or a railway, sensing assisted automotive maneuvering and navigation, etc.
· Low-altitude UAV: including UAV flight trajectory tracing, sensing for UAV intrusion detection, etc.
· Smart city: including rainfall monitoring, tourist spot traffic management, etc.
· Smart home: including intruder detection in smart home, health monitoring at home, etc.
· Smart factory: including AGV detection, tracking in factories, etc.
The categorized scenarios output from SA1 are valuable for the following study in both SA2 and RAN, while it is required to prioritization of the scenarios by considering the immediate commercial value. Among all the 5 categories, the scenarios of smart transportation and low-altitude UAV could be prioritized due to their urgent requirements and huge markets.
In the case of smart transportation, wireless sensing devices are becoming essential equipment on roads because the road owners require wireless sensing capabilities in important roads including highway and busy intersections for better traffic monitoring and management. It should be mentioned that 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. Regarding the market information, based on some public information, it is seen that in China, there are already commercial deployments of sensing devices in highways, and the shipment of transport sensing devices will reach 300,000 units in 2024.
For the scenario of low-altitude UAV, the requirement for wireless sensing is more urgent. From the police, 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. And according the information providing form 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.
Proposal 1: The scenarios of smart transportation and low-altitude UAV are prioritized in Rel-19.
1.3. On sensing architecture
In accordance with the above 5 categories of sensing scenarios, it is noted that the sensing service in most cases is provided for verticals, and it requires cellular network has the capability to provide the sensing service. The current network architecture needs enhancement for the sensing service. Thus, it is stressed that SA2 with the support of RAN3 needs to enable a relevant sensing Architecture.
In SA2, a study item on sensing architecture has been proposed and is under discussion. In our view, the architecture design for sensing should be led by SA2, and there are some items and topics needs RAN coordination.  An immediate example is related to the volume of data to be transfer to CN for the sensing analysis. Our initial evaluation is that the data related to the object sensing in a gNB sensing area is in the order of the 100Mbps, but pending of number of objects etc…, which will require a dedicated User Plan (UP) management. The choice of the interface, termination point and the protocols for UP should involve RAN3 early as possible.
Other important topic is the definition of the format of the data report from RAN to CN. SA2 must coordinate with RAN3, possibly RAN1, to define which type of data to report. This should also influence the choice of the architecture and interface due the volume and frequency of the data to report. 
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Figure 1: Possible data report types of point cloud
For example, in Figure 1, the parameters, and format for each parameter for sensing measurement reporting need to be studied, and this specification work should be led by RAN3 at least involve RAN3.
Proposal 2: the scope of integrated sensing and communications in Rel-19 should include the work for RAN signalling as following
	· Study and define the framework to support the Integrated Sensing and Communications, in collaboration with SA2 if needed
· Study and define the sensing data to report, in collaboration with SA2 if needed. 
· Study and define signaling interactions to support Integrated Sensing and Communications including the sensing initiation, sensing data report, sensing termination etc. 


Proposal 3: A work item led by RAN3 is expected for RAN signalling to support integrated sensing and communications.
1.4. On channel modelling and physical layer impact
It is stressed that the necessity of channel modelling study and potential physical layer impact is 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.
It is not surprising that for use cases in wide range scenarios, e.g., smart transportation and low-altitude UAV, the distance for vehicle and drone sensing is required to be hundreds of meters or more. For such cases that require long distance sensing capability, the gNB-based sensing modes are obvious to be the most suitable choices, as gNB has much higher transmit power and larger antenna array than UE, resulting in longer sensing distance. 
Taking FR2 for example, some key configurations for gNB and UE are listed in the following table.

	Configurations

	
	gNB
	UE
	Gap from gNB to UE

	(1) Total transmit power (dBm)
	40 dBm(for 100 MHz)
	23dBm
	17dB

	(2) Number of transmit antenna elements
	512

	8
	18dB
(Tx Beamforming gain)

	(3) Number of receive antenna elements
	512
	8
	18dB
(Rx Beamforming gain)

	(4) Gain of antenna element (dBi)
	8
	5
	3dB


Table 1: Key configurations
It can be easily observed that the sensing SNR for gNB-UE sensing mode is 21dB (calculated by (3)+(4)) lower than that for gNB-gNB sensing mode, resulting in about 4 times degradation in terms of sensing distance. And the sensing SNR for UE-gNB sensing mode is 38dB (calculated by (1)+(2)+(4)) lower than that for gNB-gNB sensing mode, and such mode can only obtain 1/8 sensing distance compared to that for gNB-gNB sensing mode. As for UE-based sensing mode, the sensing SNR endures 59dB (calculated by (1)+(2)+(3)+(4)*2) degradation in sensing SNR compared to gNB-based modes, leading to . Then we can have the following observation.
Observation 1: UE-involved sensing modes at least endures 4 to 8 times degradation in terms of sensing distance compared with gNB-based sensing modes due to lower transmit power and/or smaller antenna array.
For gNB-based sensing modes, both monostatic and bistatic sensing modes can be considered. 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.
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Figure 2: Illustration of gNB-based sensing in both monostatic and bistatic modes
Proposal 4: The gNB-based sensing modes are prioritized in Rel-19.
It should be emphasized that for gNB-based sensing modes, allocating sensing and communication resource in time division multiplexing manner is a straightforward but effective way. Parts of symbols within a slot can be 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 [5]. 
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Figure 3: Example of multiplexing between sensing and communication
Moreover, it is important to notice that using time division multiplexing between sensing and communication can be transparent to UE. It is effective to use the resource block (RB)-symbol level reserved resource mechanism to inform UE that some symbols are reserved and needs to be rate-matched. Such reserved resource mechanism was introduced in the standard since Rel-15. Then, it is observed that current RAN1 specification can already support sensing resource reservation, and thus no RAN impact is foreseen for network-based sensing modes.
Observation 2: There is no RAN1 (Uu interface) impact for network-based sensing modes.
It is a common understanding that channel modelling is used to justify the inclusion of proposed Uu interface solutions in the specifications. If a feature is not expected to have specification impact for Uu interface, the study for channel modelling along with performance evaluation can be omitted, where the feature of remote interference management (RIM) in NR in Rel-16 can be treated as a typical example. Recalling the SID for RIM [6], the objectives only contain the items of studying the mechanisms for identifying interference and coordination without channel modelling study or performance evaluation. It is noted that the channel model between two remote gNBs is quite different from the channel between gNB and UE, but there is no study for channel modelling for RIM at that time due to the fact that remote interference occurs only between gNBs which is independent to Uu interface. Owing to the same reason, the study of channel modelling is not needed for gNB-based sensing modes in ISAC.
Observation 3: There is no need to study channel modelling for specifying gNB-based sensing modes.   
As for UE-involved sensing modes, channel modelling should be studied in prior to the study and identification of potential physical layer impact. Nevertheless, the channel modelling study is independent with the work for network architecture, and it is not required to choose one of them in Rel-19, both work can be promoted in parallel. 
Proposal 5: If channel modelling study is in the scope of integrated sensing and communications in Rel-19, it only targets to UE-involved sensing modes.
Conclusions
In this contribution, we discussed the scope for integrated sensing and commutations in Rel-19. The observation and proposals are given as following:
Observation 1: UE-involved sensing modes at least endures 4 to 8 times degradation in terms of sensing distance compared with gNB-based sensing modes due to lower transmit power and/or smaller antenna array.
Observation 2: There is no RAN1(Uu interface) impact for network-based sensing modes.
Observation 3: There is no need to study channel modelling for gNB-based sensing modes.   
Proposal 1: The use cases of smart transportation and low-altitude UAV are prioritized in Rel-19.
Proposal 2: The scope of integrated sensing and communications in Rel-19 should include the work for RAN signalling as following
	· Study and define the framework to support the Integrated Sensing and Communications, in collaboration with SA2 if needed
· Study and define the sensing data to report, in collaboration with SA2 if needed. 
· Study and define signaling interactions to support Integrated Sensing and Communications including the sensing initiation, sensing data report, sensing termination etc.


Proposal 3: A work item led by RAN3 is expected for RAN signalling to support integrated sensing and communications.
Proposal 4: The gNB-based sensing modes are prioritized in Rel-19.
Proposal 5: If channel modelling study is in the scope of integrated sensing and communications in Rel-19, it only targets to UE-involved sensing modes.
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IE/Group Name Presence IE Type
>Measured Response ltem
>>Range M | INTEGER (0..50000)
>>azimuth_angle Pointcloud parameters including M _| INTEGER (0_1200)
>>Elevation angle the position and velocity of each O | INTEGER (0_300)
>>RORP. scatter point W | INTEGER (0..127)
>>Velocity | INTEGER (0..1800)
>>Direction ]
>>>azimuth angle M | INTEGER (0..3600)
>>>Elevation_angle O | INTEGER (0..1800)
>Time Stamp M | OCTET STRING(SIZE(4))
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