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Abstract: This document analyses the scope and RAN impacts regarding integrated sensing and communication in Rel-19 and propose a way forward. 
1.	Introduction
Integrated Sensing and Communication (ISAC) draws great attention and has been recognized as one of the most promising technologies to extend the capabilities and broaden the usage of the cellular network. 
To this end, 3GPP SA1 completed the study item [1] for ISAC Rel-19 in August of 2023, and the scope of which includes studying use cases and potential requirements for enhancement of the 5G system to provide integrated communication and sensing services addressing different target verticals/applications, e.g. autonomous/assisted driving, V2X, aviation/UAVs, 3D map reconstruction, smart city/factories, public sectors, healthcare, smart home, maritime sector. The subsequent work item [2] is to reflect the conclusion of the study and its completion ratio reaches 80% by August of 2023. 
During 3GPP RAN Rel-19 workshop, ISAC receives strong interests [3]. Interested companies further tried to work out the objectives of the Rel-19 ISAC work in SA2 #158 meeting [4]. 
As per the SA/RAN discussion, many companies considered the ISAC could be an opportunity to accommodate new services for customers and verticals. It makes sense for RAN/SA WGs to complete the initial version in the Rel-19 timeline to get ready from standard perspective. 
This document analyzes the scope of ISAC work in Rel-19, especially regarding the RAN coordination. 
2.	Target scenarios and use cases for initial release 
The scenarios and use cases for sensing have been comprehensively studied in SA1, see TR 22.837 [5] and draft TS 22.137 [6]. The scenario and use cases can be in general categorized into 5 groups from vertical industry perspective, including smart transportation, low-altitude UAV, smart city, smart home and smart factory. See the following table with more details:
Table 2-1: Categorized scenarios and use cases from vertical perspective.
	Vertical usage
	Examples of use cases from TR 22.837 [5]

	Smart transportation
	Intrusion detection on a highway or a railway, sensing assisted automotive maneuvering and navigation, etc.

	Low-altitude UAV
	UAV flight trajectory tracing, sensing for UAV intrusion detection, etc.

	Smart city
	Rainfall monitoring, sensing for flooding in smart cities, tourist spot traffic management, etc.

	Smart home
	Intruder detection in smart home, health monitoring at home, etc.

	Smart factory
	AGV detection, AMR collision avoidance in factories, etc.


Among those vertical scenario, smart transportation and low-altitude UAV could be prioritized due to the urgent requirements and promising 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. Public information shows that in China, there are already commercial deployments of sensing devices in highways [7], and the shipment of transport sensing devices will reach 300,000 units in 2024.
· For low-altitude UAV, the requirement seems to be more urgent. For example, the police 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. The enterprise needs 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 CNY, and the touchable UAV detection market will be 16 billion CNY. And according the information providing form the Drone Industry Insights, in Germany, the anti-drone market will be 6.6 billion USD by 2024, and will reach 50 billion USD by 2030, while the touchable UAV detection market will reach 12 billion by 2030.
Therefore, at least the smart transportation and low-altitude UAV can be prioritized within Rel-19 timeframe. Other scenarios, e.g., Smart city, Smart home and Smart factory could also essential in the near future, but in the remainder of this document, we focus on these two vertical scenarios. 
[Observation 1]: Smart transportation and low-altitude UAV can be prioritized within Rel-19 timeframe.
It can be seen that the distance for vehicle and drone sensing is required to be relative long (e.g. hundreds of meters or more). For such cases that require long distance sensing capability, the gNB-based sensing modes (i.e., gNB to transmit sensing signal and receive the echo signal, and will be further explained in clause 3) are more appropriate, as gNB has much higher transmit power and larger antenna array, resulting in longer sensing distance.
[Observation 2]: gNB-based sensing modes are fit for the smart transportation and low-altitude UAV scenario.
3.	on the gNB-based sensing mode
As mentioned by TS 22.137 [6], 
· “5G Wireless sensing is a technology enabler to acquire information about characteristics of the environment and/or objects within the environment, that uses NR radio waves to determine the distance (range), angle, or instantaneous linear velocity of objects, etc. The operation of the 5G wireless sensing service, a.k.a. sensing operation, relies on processing the transmissions, reflections, and scattering of wireless sensing signals”
Out of the 6 sensing modes (see our discussion paper [8]), the gNB-based sensing modes solely rely on the gNB to complete the air interface procedure: gNB(s) transmits the sensing signal, and receives the echo signal which might be reflected by ground/object etc. Based on whether the sender and receiver are the same or not, gNB-based sensing modes can be further divided into monostatic sensing mode and bistatic sensing mode, see Figure 3-1.
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Figure 3-1: Illustration of gNB-based sensing in both monostatic and bistatic modes
Bistatic sensing mode requires that the target has both LOS channels with the two gNBs, which seems to put extra potential requirements. Thus, it is preferred to consider the monostatic mode in the Rel-19 timeline.
It should be emphasized that for gNB-based sensing modes, allocating sensing and communication resource in time division multiplexing manner is a simple yet 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 3-2, 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 [9]. 
[image: ]
Figure 3-2: 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. An effective way is 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 has been introduced in the standard since Rel-15. Given that RAN1 specification can already support sensing resource reservation, thus no RAN1 impact is foreseen for network-based sensing modes.
Overall, it is noted that for monostatic sensing mode, only the gNB is involved in sensing signal transmitting, sensing signal receiving and further potential processing, therefore, there is no Uu standardization efforts foreseen for this case. 
[Observation 3]: gNB-based sensing in monostatic mode can avoid the impact on the Uu interface.
4.	Relationship with RAN WGs in Rel-19
[bookmark: _Toc51769434][bookmark: _Toc47342733][bookmark: _Toc45183891][bookmark: _Toc36187987][bookmark: _Toc27846856][bookmark: _Toc20150057][bookmark: _Toc138309481]4.1	Decoupling the work of RAN1 in Rel-19 at least for gNB-based sensing mode
As shown in clause 3, one can base on implementation of the air-interface part, to enable the of the gNB-based sensing feature. Therefore, gNB-based sensing in monostatic mode is able to sufficiently accommodate the sensing for smart transportation and low-altitude UAV scenario by reusing current Uu mechanism. 
In addition, since the channel modelling is used to justify the inclusion of standardized enhancement for Uu interface, if a feature is not expected to have specification impact on Uu interface, then the channel modelling along with performance evaluation become a nice-to-have feature, but will not be the showstopper when there is lack of support from standard perspective. Take Remote interference management (RIM) in NR in Rel-16 [10] as an example, its objectives only contain the items of studying the mechanisms for identifying interference and coordination, without channel modelling study or performance evaluation. This is because remote interference occurs only between gNBs which is independent to Uu interface. Similarly, gNB-based sensing in monostatic mode does not need the standardized enhancement for Uu interface. Owing to the same reason, the study of channel modelling should not be the prerequisite for enabling gNB-based sensing in monostatic mode in Rel-19 ISAC. 
We fully understand that many 3GPP members have interests of exploring the channel modeling in RAN1, in fact we are happy to see the standard progress but such work can be decoupled from the Rel-19 work in SA2 at least for the gNB-based sensing mode, as we analyzed/ demonstrated in the previous parts. 
[Observation 4]: Study in RAN1 can be decoupled from the work in SA2 at least for gNB-based sensing in monostatic mode.
4.2	Coordination with RAN3 in Rel-19 timeframe
Although architecture design for Rel-19 ISAC is assumed to be led by SA2, there are some items and topics needs RAN coordination, especially for RAN3, at least for the following fields: 
· Way 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 requires a dedicated User Plan (UP) management. The choice of the interface, termination point and the protocols for user plane should involve RAN3 as early as possible.
· Format of the data report from RAN to CN. SA2 has to 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.
· Other parts, like control signaling from 5GC to gNB and the associating information elements.
Table 4.2-1 below provides the examples of the data format and sensing measurement reporting, and such work should be led by RAN3.
	Table 4.2-1: Categorized scenarios and use cases from vertical perspective.

	Table 5.2-1a Point cloud parameters include measurement parameters.
	Table 5.2-1b Point cloud parameters include position and velocity of each scatter point.
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Such coordination is considered as a normal working procedure and has been the common practice in the past as part of the normal cross SA2-RAN work. Note that the work in RAN3 is independent from the channel modelling work in RAN1.
[Observation 5]: a work item led by RAN3 is expected for RAN signaling to support ISAC in Rel-19. 
5.	Roadmap
As an emerging topic, the potential scope of ISAC can be very wide, but it is not necessary to explore all scenario/features/ sensing modes in the very initial release. A stepwise development and deployment of ISAC could be beneficial for the 3GPP members. 
For the following Sensing modes, we suggest to support them in Rel-19 normative work:
· Sensing modes without strong RAN1 dependency/impact. As analyzed above, at least gNB-based sensing in monostatic mode are the one without RAN1 dependency (or can be decoupled by RAN1). There might also be some other sensing modes that are without RAN1 dependency, we are also happy to see the analyses or demonstration regarding those. 
For the other sensing modes with strong RAN1 dependency/impact, if RAN1 could provide sufficient information for those sensing modes in time (i.e., before SA2 finish the normative work), we can still support them in SA2 Rel-19 timeline.
Note that for gNB-based sensing modes, it can be the basis of UE-gNB sensing mode (where UE transmits sensing signal and gNB receives the echo signal), therefore starting from gNB-based sensing mode can also pave the way for other sensing modes, which is also the preferable working procedure. 
[Observation 6]: In Rel-19, at least the gNB-based sensing in monostatic mode can be decouple with RAN1, and it could be progressed with normative work. 
6.	Proposal
As per the analyses and discussions in the previous clauses, the observations are summarized and proposals are given as followings:
Observation 1: Smart transportation and low-altitude UAV can be prioritized within Rel-19 timeframe.
Observation 2: gNB-based sensing modes are fit for the smart transportation and low-altitude UAV scenario.
Observation 3: gNB-based sensing in monostatic mode can avoid the impact on the Uu interface.
Observation 4: Study in RAN1 can be decoupled from the work in SA2 at least for gNB-based sensing in monostatic mode.
Observation 5: a work item led by RAN3 is expected for RAN signaling to support ISAC in Rel-19. 
Observation 6: In Rel-19, at least the gNB-based sensing in monostatic mode can be decouple with RAN1, and it could be progressed with normative work. 

Proposal 1: At least the gNB-based sensing in monostatic mode can be progressed with normative work in SA2 Rel-19. 
Proposal 2: A work item led by RAN3 is expected for RAN signaling to support ISAC in Rel-19.
Proposal 3: Other sensing modes can also be potentially progressed in Rel-19 timeline, if they are without strong RAN1 dependency/impact, or RAN1 could provide sufficient information for those. 
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IE/Group Name Presence IE Type 

> Measured Response Item

>>RTOA M INTEGER (0..50000)

>>Azimuth AoA M INTEGER (0..1200)

>>Zenith-AoA O INTEGER (0..300)

>>RSRP M INTEGER (0..127)

>>Velocity M INTEGER (0..1800)

>>Direction M

>>>azimuth angle M INTEGER (0..3600)

>>>Elevation angle O INTEGER (0..1800)

> Time Stamp M OCTET STRING(SIZE(4))
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IE/Group Name Presence IE Type 

> Measured Response Item

>>Range M INTEGER (0..50000)

>>azimuth angle M INTEGER (0..1200)

>>Elevation angle O INTEGER (0..300)

>>Velocity M INTEGER (0..1800)

>>Direction M

>>>azimuth angle M INTEGER (0..3600)

>>>Elevation angle O INTEGER (0..1800)

>Time Stamp M OCTET STRING(SIZE(4))


