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Background
According to RP-234069 [1], RAN1 is supposed to discuss deployment scenarios for ISAC. The conclusion from RP-234069 [1] is summarized below.
	· The study should aim at a common modelling framework capable of detecting and/or tracking the following example objects and to enable them to be distinguished from unintended objects:
1. UAVs
2. Humans indoors and outdoors
3. Automotive vehicles (at least outdoors)
4. Automated guided vehicles (e.g. indoor factories)
5. Objects creating hazards on roads/railways, with a minimum size dependent on frequency

· All six sensing modes should be considered (i.e. TRP-TRP bistatic, TRP monostatic, TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic, UE monostatic).
· Frequencies from 0.5 to 52.6 GHz are the primary focus, with the assumption that the modelling approach should scale to 100 GHz. (If significant problems are identified with scaling above 52.6 GHz, the range above 52.6 GHz can be deprioritized.)
· For the above use cases, sensing modes and frequencies:
1. Identify details of the deployment scenarios corresponding to the above use cases.
2. Define channel modelling details for sensing using 38.901 as a starting point, and considering relevant measurements, including:
(a) modelling of sensing targets and background environment, including, for example (if needed by the above use cases), radar cross section (RCS), mobility and clutter/scattering patterns. 
(b) spatial consistency.




Mapping Use cases to ISAC Deployment Scenarios


UMi: Urban Microcell; UMa: Urban Macrocell; RMa: Rural Macrocell, InH: Indoor Hotspot, InF: Indoor Factory
Note: Prioritization of deployment scenarios for each use case may not be necessary but is recommended to provide sufficient time for measurements and validation of the ISAC channel model.

Proposal 1: UAVs, Automotive vehicles, and Objects creating hazards on roads/railways should focus on UMi, UMa and RMa deployments.

Proposal 2: Humans, Automotive guided vehicles should focus on InH and InF deployments.
Proposal 3: The descriptions in Section 6.2 of TR 38.901 [1] can be reused for ISAC, but ISD may be chosen carefully based on the desired/maximum sensing range (which may depend on sensing mode, frequency, target).
Reason for prioritization of sensing mode and frequency in each deployment scenario.
· We support the conclusion from RP-234069 that all sensing modes and frequency range up to 52.6 GHz should be considered.
· However, considering the significant amount of work that could be required to characterize all possible combinations of sensing mode, frequency bands and use cases we may also prioritize certain sensing modes and frequency bands. For instance, for two types of sensing mode (bi-static or mono-static mode), three bands of interest (FR1, FR2, FR3) and 5 use cases we can have a minimum of 30 different combinations.
· If we get more granular on the number of measurements that may be necessary for creating and validating ISAC channel model for each of the sub-modes of sensing (bi-static can have 4 different modes, mono-static has 2 different modes), sub bands of interest (each of the bands FR1, FR2 and FR3 can be further divided into smaller bands of interest) and different types of targets that need to be classified under each use case (different types of UAVs, vehicles, AGV, humans) the above number of 30 combinations grows significantly higher.
· Note that target characterization may be independent of deployment scenarios. For example, UAV Radar Cross Section (RCS) is independent of whether UAV is deployed in UMi, UMa, RMa, InH or InF scenarios.

Proposal 4: Narrowing down on the type of sensing mode and frequency bands of interest can expedite the process for target characterization, modeling, and verification of ISAC channel model.

· It is crucial that studies are conducted for accurate target characterization in the desired sub-modes of sensing (bi-static can have 4 different modes, mono-static has 2 different modes), sub-bands (each of the bands FR1, FR2 and FR3 can be further divided into smaller bands of interest) of interest and different types of targets (different types of UAVs, vehicles, AGVs, humans) that need to be classified under each use case should be considered:

· For instance, work in [2] uses mono-static sensing mode over the frequency range of 26-40 GHz and presents the RCS of different types of drones. Similarly, Table 1 in [4] provides an overview of RCS based detection/recognition of UAVs in FR1, FR2 and FR3 bands.
· These works [2,3] show that different types of UAVs can have a different RCS signature based on the sensing mode and frequency.
· Note that while the works mentioned above are based on the UAV use case, but these ideas can be generalized to other use cases as well.

Prioritization of sensing mode for each use case in each deployment scenario
Observation 1: All sensing mode under bi-static sensing mode (gNB-gNB, gNB-UE, UE-UE, UE-gNB) should be considered with highest priority for all use cases in all scenarios and frequency bands of interest due to the
following reasons:
· TR 38.901 channel models is essentially a bi-static channel model where the transmitter and receiver are not co-located and may be extended to support ISAC channel modeling in all different modes of bi-static sensing.
· One reason for change in RCS values of a target is the sensing mode. Thus, to accurately characterize a target the choice of sensing mode is crucial.

Proposal 5: We may further prioritize and narrow down the gNB-gNB and gNB-UE based sensing modes for ISAC channel modeling and verification and deprioritize UE based bi-static based sensing modes.

Proposal 6: Monostatic sensing (gNB based and UE based) can be deprioritized [4].
Prioritization of frequency band for each use case in each deployment scenario
We would also like to prioritize study in certain frequency bands for each use case and scenario due to the following reasons:
· Target classification for any use case in any scenario may need measurements that might be difficult to obtain for all frequency bands.
· Certain frequency bands might be better suited for a particular use case and scenario and may also depends on the operator's deployment.
· Interpolation across the entire frequency band for target classification might not be valid. For instance, using a particular sensing mode if we characterize a target at 6 GHz and 28 GHz, we might not be able to accurately interpolate its characteristic at 15 GHz or 50 GHz.
· Based on the sensing mode and frequency band there can be many combinations possible as explained earlier – making it infeasible to conduct measurements across all frequency bands.
Proposal 7: For UMi, UMa, RMa deployments consider FR1, FR3, FR2 (less preferred) bands as they provide reasonable coverage and accuracy [5,6]. If the sensing requirements (accuracy, resolution, etc.) for outdoor sensing applications cannot be met by the FR1 or FR3 bands, the FR2 band may be a viable alternative.

Proposal 8: For InH and InF deployments consider FR2, FR3 bands as they provide smaller coverage but greater sensing accuracy [5].

Summary


Note: For the above-mentioned use cases, deployment scenarios and frequency bands we recommend the use of bistatic sensing mode (gNB-UE and gNB-gNB).

Proposal 9: On further down selection – Automotive vehicles (UMi, UMa and RMa), Automotive guided vehicles (InF) and Human indoors (InH) are of highest priority.
Conclusion
Proposal 1: UAVs, Automotive vehicles, and Objects creating hazards on roads/railways should focus on UMi, UMa and RMa deployments.

Proposal 2: Humans, Automotive guided vehicles should focus on InH and InF deployments.
Proposal 3: The descriptions in Section 6.2 of TR 38.901 [1] can be reused for ISAC, but ISD may be chosen carefully based on the desired/maximum sensing range (which may depend on sensing mode, frequency, target).

Proposal 4: Narrowing down on the type of sensing mode and frequency bands of interest can expedite the process for target characterization, modeling, and verification of ISAC channel model.

Proposal 5: We may further prioritize and narrow down the gNB-gNB and gNB-UE based sensing modes for ISAC channel modeling and verification and deprioritize UE based bi-static based sensing modes.

Proposal 6: Monostatic sensing (gNB based and UE based) can be deprioritized [4].
Proposal 7: For UMi, UMa, RMa deployments consider FR1, FR3, FR2 (less preferred) bands as they provide reasonable coverage and accuracy [5,6]. If the sensing requirements (accuracy, resolution, etc.) for outdoor sensing applications cannot be met by the FR1 or FR3 bands, the FR2 band may be a viable alternative.

Proposal 8: For InH and InF deployments consider FR2, FR3 bands as they provide smaller coverage but greater sensing accuracy [5].

Proposal 9: On further down selection – Automotive vehicles (UMi, UMa and RMa), Automotive guided vehicles (InF) and Human indoors (InH) are of highest priority.
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Use Case Deployment Scenario Frequency Band
High Priority Low priority High Priority Low priority
UAVs UMi, UMa, RMa |InH, InF FR1, FR3 FR2
Humans indoors and outdoors InH, InF UMi, UMa, RMa |FR2 FR3, FR1
Automotive vehicles UMi, UMa, RMa |InH, InF FR1, FR3 FR2
Automotive guided vehicles InF, InH UMi, UMa, RMa |FR2 FR3, FR1
Objects creating hazards on raods/railways |[UMi, UMa, RMa |InH, InF FR1, FR3 FR2
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										High Priority		Low priority		High Priority		Low priority

								UAVs		UMi, UMa, RMa		InH, InF		FR1, FR3		FR2

								Humans indoors and outdoors		InH, InF		UMi, UMa, RMa		FR2		FR3, FR1

								Automotive vehicles		UMi, UMa, RMa		InH, InF		FR1, FR3		FR2

								Automotive guided vehicles		InF, InH		UMi, UMa, RMa		FR2		FR3, FR1

								Objects creating hazards on raods/railways		UMi, UMa, RMa		InH, InF		FR1, FR3		FR2
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								Use Case		Deployment Scenario

										High Priority		Low priority

								UAVs		UMi, UMa, RMa		InH, InF

								Humans indoors and outdoors		InH, InF		UMi, UMa, RMa

								Automotive vehicles		UMi, UMa, RMa		InH, InF

								Automotive guided vehicles		InF, InH		UMi, UMa, RMa

								Objects creating hazards on raods/railways		UMi, UMa, RMa		InH, InF






