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Introduction
[bookmark: _Hlk510705081]A Study Item for Rel19 on channel modelling for Integrated Sensing and Communications (ISAC) for NR was approved in RAN#102 [1]. 
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The SI further identified the objectives for RAN1 to resolve:
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The study began in RAN1#116 in Feb. 2024.  This contribution provides Nokia’s views regarding deployment scenarios or ISAC channel modeling.
Discussion
In RAN1#116 the following agreement was made regarding baseline assumptions for deployment scenarios considered in the Rel-19 ISAC channel modeling study.

Agreement​
For progressing ISAC study, the following sensing targets and existing communication scenarios will be considered as a starting point:​
· Note1: the table below does not imply that the sensing target will be placed at positions defined for UEs and BSs in the scenarios in the right column.​
· Note2: the table below does not imply that UEs are necessarily placed at positions defined for UEs in the scenarios in the right column.​
· Note3: the existing communication scenarios are listed with the intent to use the evaluation parameters defined for those scenarios, as a starting point.
​

[bookmark: _Ref162931410]Table 1: Baseline evaluation parameters assumed to different target types studied as part of ISAC channel modeling
	Sensing Targets​
	Scenarios ​

	UAVs​
	RMa-AV, UMa-AV, UMi-AV (TR 36.777) ​

	Humans indoors​
	InF, Indoor Office, [Indoor Room (TR 38.808)], [UMi, UMa]​

	Humans outdoors​
	UMi, UMa, [RMa]​

	Automotive vehicles (at least outdoors)​
	Highway, Urban grid, UMa, UMi, RMa​

	Automated guided vehicles (e.g. in indoor factories)​
	InF​

	Objects creating hazards on roads/railways (examples defined in TR 22.837)​
	Highway, Urban grid, HST​



While the SID includes, “Objects creating hazards on roads/railways,” as a use case to be evaluated in Rel-19, there is still a lack of clarity on the identifiable targets which will be included as part of the Rel-19 study for this use case.  To clarify the scope of study for this use case a concrete list of targets must be identified for which models can be built.  As indicated in the agreement from RAN1#116, examples provided in TR 22.837 may be assumed as relevant for this use case.  In particular, the “Use case on pedestrian/animal intrusion detection on a highway” identifies pedestrians, animals (sheep/deer), and automobiles as relevant targets. For this reason detectable targets in use cases covering objects creating hazards on roads/railways identifiable targets should include pedestrians, automobiles, and animals, e.g., sheep, deer.
Proposal 1:	Detectable targets for objects creating hazards on roads/railways includes pedestrians, automobiles, and animals, e.g., sheep, deer.
Furthermore, while the mapping agreed in RAN1#116 helps establish a baseline for evaluating deployment scenarios in which various targets may be tracked/detected, Table 1 does not make clear what the deployment scenarios evaluated for this Rel-19 ISAC channel modeling study will be.  Additionally, there may be scenarios where a mix of targets may be tracked/detected and in those cases, it seems possible that there is a lack of clarity on what evaluation parameters are relevant.  To clarify modeling assumptions as part of ISAC evaluations it is necessary to define new deployment scenarios that will be considered as part of this Rel-19 study.  The proposed deployment scenarios, including the mix of relevant targets to be identified in each scenario are a proposed in Table 2.
[bookmark: _Ref162930530]Table 2: ISAC Deployment scenarios to be studied in Rel-19 including relevant targets to be detected/tracked for each scenario
	Rel-19 ISAC Deployment Scenarios​
	Detectable Targets ​

	RMa-ISAC
	UAVs, automobiles

	UMa-ISAC
	UAVs, pedestrians, automobiles

	UMi-ISAC
	UAVs, pedestrians, automobiles

	InF-ISAC
	Pedestrians, AGVs

	Highway-ISAC
	Automobiles, pedestrians, animals

	Urban Grid-ISAC
	Automobiles, pedestrians, animals

	HST-ISAC
	Automobiles, pedestrians, animals



Proposal 2:	Define evaluation parameters for the deployment scenarios provided in Table 2, including detectable targets.
For the proposed deployment scenarios evaluation parameters should include:
· Cell layout including BS orientation and ISD
· BS antenna height
· UT location including indoor/outdoor, whether UT-BS links are LOS/NLOS, and UT height
· UT mobility
· Min. UT-BS distance
· UT distribution
· Available sensing assets identifying relevant sensing transmitters and receivers

Proposal 3:	For ISAC deployment scenarios include at least the following relevant evaluation parameters for ISAC calibration.
· Cell layout including BS orientation and ISD
· BS antenna height
· UT location including indoor/outdoor, whether UT-BS links are LOS/NLOS, and UT height
· UT mobility
· Min. UT-BS distance
· UT distribution
· Available sensing assets identifying relevant sensing transmitters and receivers

The SID proposal includes the following objective regarding sensing architectures to be studied in Rel-19:
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). 

These sensing modes are illustrated in Figure 1.
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[bookmark: _Ref162931563]Figure 1: Relevant sensing modes for Rel-19 ISAC channel modeling study


With the incorporation of sensing modes a - d., the propagation of signals between RAN nodes that have not been studied previously will need to be modeled.  These propagation channels include the backscatter channel from either a TRP or UE propagating back to itself in sensing mode a. or c., or the cross-link channel between proximate/adjacent UEs and TRPs in sensing modes b. or d.  Additionally, it should be noted, that sensing mode b. and sensing mode d. are unlike backhaul link and sidelink channels, respectively, as topologies assumptions such as LoS may not hold in sensing applications. For this reason, the addition of new channel models for self-interference and cross-link interference should be calibrated in Rel-19.
 Proposal 4:	Define new monostatic channels for sensing modes a. and c. and cross-link channels between proximate TRPs and UEs for sensing modes b. and d. and define calibration scenarios for all new sensing modes.
In addition to the explicitly mentioned sensing modes provided in [1], multi-static sensing modes may also be considered.  In multi-static sensing modes measurements of one or more sensing signals from one or more ISAC sounders are received from one or more ISAC sensors. Multi-static ISAC sensing operation relies on spatial correlation across multiple channel realizations to perform a sensing. In general then, channel realizations for multi-static ISAC sensing operations can be realized from multiple spatially correlated channel model realizations of channel models for sensing modes a.-f.
Observation 1:	Channel realizations for multi-static ISAC sensing operations can be realized from multiple spatially correlated channel model realizations of channel models for sensing modes a.-f. 
While the legacy channel model from 38.901 does not model spatial correlation across multiple RAN nodes, there are multiple benefits that can be realized in performing multi-static sensing operations including:
· The spatial diversity of multi-static sensing measurements can provide more accurate and reliable detection, velocity, orientation, classification and tracking estimates beyond the theoretical limits of a single monostatic or bistatic sensing measurement
· The reuse of sensing signals provides better power efficiency and more limited overhead of network resources compared to multiple monostatic or bistatic sensing measurements
· The configuration of multi-static sensing measurements provides the network with greater flexibility in the coordination of multiplexing signals for both sensing and communications operations

For these reasons, the channel modeling study of ISAC in Rel-19 should include studying methods of deriving channel realizations for multi-static sensing measurements from sets of channel realizations from monostatic and bistatic sensing operations.
Proposal 5:	Study methods of deriving channel realizations for multi-static sensing measurements from sets of channel realizations from monostatic and bistatic sensing operations.
Conclusion
In this contribution, we make the following observations regarding use cases scenarios for ISAC channel modeling:
Observation 1:	Channel realizations for multi-static ISAC sensing operations can be realized from multiple spatially correlated channel model realizations of channel models for sensing modes a.-f. 
Additionally, the following proposals are made regarding use cases and scenarios for ISAC channel modeling:
Proposal 1:	Detectable targets for objects creating hazards on roads/railways includes pedestrians, automobiles, and animals, e.g., sheep, deer.
Proposal 2:	Define evaluation parameters for the deployment scenarios provided in Table 2, including detectable targets
Proposal 3:	For ISAC deployment scenarios include at least the following relevant evaluation parameters for ISAC calibration.
· Cell layout including BS orientation and ISD
· BS antenna height
· UT location including indoor/outdoor, whether UT-BS links are LOS/NLOS, and UT height
· UT mobility
· Min. UT-BS distance
· UT distribution
· Available sensing assets identifying relevant sensing transmitters and receivers

Proposal 4:	Define new monostatic channels for sensing modes a. and c. and cross-link channels between proximate TRPs and UEs for sensing modes b. and d. and define calibration scenarios for all new sensing modes.
Proposal 5:	Study methods of deriving channel realizations for multi-static sensing measurements from sets of channel realizations from monostatic and bistatic sensing operations.
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Curreat 5G-Advanced network design focuses primarily on data transmission, and the radio channel model defined to
cover frequencies up to 100GHz was developed with this in mind. Although RAT-based positioning s supported, the
specifications do not offer the in-bult capability to detect objects not connected to the nefwork.

If sensing capability i integrated into the design of the system, sensing may be offered as a service alongside
communications.

‘TR22.837 identifies a very wide range of use cases for such integrated sensing

Itis therefore important to establish  sofid channel modelling framework to enable evaluation of sensing techniques for
such use cases. The existing models in TR38.901 are not designed for sensing, in, they do not address target
‘modelting and sensing, and background environment modelling and differentiation from targets. Both radar cross-

section (RCS) and mobility of targets and other objects in the environment need to be modelled, and the model must be
spatially consistent.

This study addresses these gaps in the channel model in 38.901 to enable evaluation of sensing techniques.
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The focus of the study is to define channel modelling aspects to support object detection and/or tracking (as per the SA1 meaning
in TS 22.137). 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
e UAVs
Humans indoors and outdoors
Automotive vehicles (at least outdoors)
Automated guided vehicles (e.g/ in indoor factories)
Objects creating hazards on roads/railways, with a minimum size dependent on frequency
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