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Abstract:
This document analyses the scope and RAN impacts regarding integrated sensing and communication in Rel-19 and proposes a way forward.
1.
Introduction and Background
SA2 has been discussing the Integrated Sensing and Communication (ISAC) since SA2#158. Many aspects have been reviewed and the objective description is stable at current stage. However, due to the non-converged views on the work scope in Rel-19 during the discussion, there is no approved/endorsed version available before the plenary. The key point of controversy during the meeting is the coordination and dependency with the RAN WG(s). Many of the companies considered that it was feasible to start the normative of in Rel-19, while others thought that there were several uncertain aspects that might be the obstacle, especially the following:

-
Some companies considered that it was very unlikely that RAN would study any aspects other than channel modelling in Rel-19. Therefore, it was impossible to start the normative work in SA2 in Rel-19. And since ISAC was the E2E procedure and without RAN’s input, providing solution in SA2 was not realistic.
-
Some companies argued that RAN might further down-select the use cases and it would affect the scope of SA2 (e.g., sensing modes), SA2 could not start even the study work unless the RAN could provide sufficient result.

-
Some companies were not sure that whether or not all of the sensing mode(s) would be supported in Rel-19. 
This document analyzes and proposes the way forward for the scope of ISAC work in Rel-19 from the perspective of sensing mode(s), and take the RAN coordination into consideration.
2.
Target scenarios and use cases

For the initial release of ISAC, the realistic way is to start from the most essential use case. As analyzed in SP-231100 [1], considering the current urgent requirements and promising markets for the low-altitude UAV and smart transportation, at least those scenarios could be prioritized. Figure 2-1 demonstrates the use case examples of the two scenarios. 
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Figure 2-1: Target scenarios and use cases.
Since the distance for vehicle and drone sensing is 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) are more fit for those scenarios, as gNB has much higher transmit power and larger antenna array, resulting in longer sensing distance.
[Observation 1]: gNB-based sensing is fit for low-altitude UAV and smart transportation scenario, which are the most essential use cases in the first release of ISAC.
In the next clause, the gNB-based sensing mode is further introduced and its relationship with RAN WGs are analyzed.
3.
gNB-based sensing mode and RAN coordination
3.1
gNB-based sensing mode
As mentioned in S2-2312457 [2] submitted to SA2#160 meeting, there are 6 sensing modes to be considered in ISAC work. 
For the gNB-based sensing mode, only the gNB(s) is involved in the air interface procedure, i.e., 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 3.1-1. Compared with Bistatic sensing mode, Monostatic sensing mode does not require the targets to have both LOS channels with the two gNBs or resource coordination between two gNBs, which seems to be simpler and without extra potential requirements.
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Figure 3.1-1: Illustration of gNB-based sensing in both monostatic and bistatic modes

In fact, there is no RAN1/RAN2 impact for gNB-based sensing in monostatic mode, and only RAN3 coordination is required to make the E2E procedure feasible. The details will be provided in the next sub-clause. 
3.2
Relationship with RAN WGs
3.2.1
Relationship with the RAN1/RAN2 work
gNB-based sensing in monostatic mode will not impact the air interface, i.e., allocating sensing and communication resource in time division multiplexing can be reused. Parts of symbols within a slot can be used for sensing while others can be still scheduled for communication, and there is no interference between sensing and communication. In the following example (Figure 3.2.1-1), where two symbols within a downlink slot are used for sensing only. 
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Figure 3.2.1-1: Example of multiplexing between sensing and communication

In addition, the UE will not be impacted for the gNB-based sensing, since reusing time division multiplexing between sensing and communication will be transparent to UE. One 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, which has already been supported since Rel-15. 
It can be seen that current specification of RAN1/RAN2 can already support sensing resource reservation, and no RAN1/RAN2 impact/Uu standardization efforts are foreseen for gNB-based sensing in monostatic sensing mode.
[Observation 2]: gNB-based sensing in monostatic mode can avoid the impact on the Uu interface and without RAN1/RAN2 spec impact and UE impact.
Following the latest progress about the RAN Rel-19 package discussion [4], ISAC in RAN1 is only for study in Rel-19 and it is very likely that RAN1 will have the channel modelling study in 2024 while additional work beyond the channel modelling study is TBD. After RAN1 finishes the channel modelling work, the additional work e.g., performance evaluation, could start in RAN1 to justify the overall performance for some dedicated use cases, e.g., UAV detection and smart transportation. With this, a more feasible approach to manage the Rel-19 ISAC normative standard work is to only consider the sensing mode without RAN1/RAN2 spec impact. 
[Observation 3]: any potential normative work for R19 ISAC work should only focus on the sensing mode without RAN1/RAN2 spec impact.
3.2.2
RAN3 Coordination
To complete the ISAC work in Rel-19, the following topics needs RAN3’s coordination: 

-
Way of sensing data to be transferred from RAN to CN for the sensing analysis. The choice of the interface, termination point and the protocols for user plane should involve RAN3 as early as possible.

-
Format of the sensing data transferred from RAN to CN in bullet 1. 
-
Other parts, like control signaling from 5GC to gNB and the associating information elements.

Table 3.2.2-1 below provides the examples of the data format and sensing measurement reporting, and such work should be led by RAN3.

	Table 3.2.2-1: Categorized scenarios and use cases from vertical perspective.

	Table 3.2.2-1a Point cloud parameters include measurement parameters.
	Table 3.2.2-1b Point cloud parameters include position and velocity of each scatter point.
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> 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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> 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))




Such coordination is considered as a usual working procedure and has been the common practice in the past as part of the normal work crossing SA2-RAN WGs. 
[Observation 4]: RAN3 is expected to have the work to support potential SA2 ISAC normative work in Rel-19, as the usual cross-WGs coordination handling. 
4.
On the UE-based sensing in Rel-19

UE-based sensing is another sensing mode under discussion, and it contains both monostatic and bistatic modes. During the offline discusson before the plenary, someone considers it could also be beneficial to support the UE-based sensing as well to support some more scenarios defined by stage 1 [3].
Since the UE-based sensing in monostatic mode only requires one single UE to complete the air interface procedure, it can also operate without RAN1/RAN2 impact. 
On how to transfer the sensing data from UE to 5GC, the UE itself can make use of its own PDU session to report it to the 5GC (while the data format to be aligned with all sensing modes). There can be no additional RAN/UE impact in such over-the-top way.
[Observation 5]: It should be OK to support UE-based sensing in monostatic mode in Rel-19 given that it can be realized without RAN1/RAN2 spec impact. 
5.
Roadmap and Rel-19 scope
The potential scope of ISAC can be very wide since ISAC is a new topic in 3GPP, but it is not necessary to explore all scenarios/features/sensing modes in the very initial release. A stepwise development and deployment of ISAC could be beneficial for the 3GPP members. Note that for gNB-based sensing and UE-based sensing in monostatic mode, they can also pave the way for other sensing modes, which is also the preferable working procedure. 
As such, since the gNB-based sensing (and UE-based sensing) in monostatic mode will not introduce any air interface impact, in Rel-19 it is more practical to focus on these two sensing modes. Therefore, the scope of Rel-19 ISAC work can be updated accordingly to reduce the scope. There are two possible ways to organize the work in Rel-19:

-
Option 1: Rel-19 study and normative work only focus on the sensing mode without RAN1/RAN2 spec impact i.e., gNB-based sensing and UE-based sensing in monostatic mode, and shrink the TU estimation accordingly. And there will be coordination requirement between SA2 and RAN3 during the normative phase. This is because these two sensing modes are free of RAN1/RAN2 normative work dependency, and SA2 does not need to spend too much effort (and TUs) on the other modes in this release.
-
Option 2: Rel-19 normative work only focus on the sensing mode without RAN1/RAN2 spec impact e.g., the gNB-based sensing and UE-based sensing in monostatic mode, and shrink the TU estimation accordingly. The merit of this option is to have a relatively wide scope study but focus on the normative work with only the sensing mode free of RAN1/RAN2 normative work dependency.
[Observation 6]: The scope of the ISAC work in Rel-19 can be reduced accordingly based on the selection of option 1 or option 2. 

6.
Proposal

As per the analyses and discussions in the previous clauses, the observations are summarized and proposals are given as followings:
Proposal 1: Normative work for Rel-19 ISAC work focus on only the sensing mode without RAN1/RAN2 normative spec impact, i.e., gNB-based sensing and UE-based sensing in monostatic mode. 
Proposal 2: Update the scope of the ISAC work in Rel-19 based on the discussion of option 1 and option 2. 
Proposal 3: Check in September 2024 about the feasibility of normative work for Rel-19 ISAC.
Proposal 4: RAN3 is expected to have the work to support potential SA2 ISAC normative work in Rel-19, as the usual cross-WGs coordination handling
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