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1 [bookmark: OLE_LINK8]Introduction
The objective of the study on channel modelling for Integrated Sensing And Communication (ISAC) for NR [1] includes the following: 
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:
· UAVs
· Humans indoors and outdoors 
· Automotive vehicles (at least outdoors)
· Automated guided vehicles (e.g. in indoor factories)
· [bookmark: OLE_LINK3]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).
For the above use cases, sensing modes and frequencies:
· Identify details of the deployment scenarios corresponding to the above use cases.


In RAN1#116, agreements on pairing sensing targets and scenarios, terminology were agreed as follows.
	Agreement
For progressing ISAC study, the following sensing targets and existing communication scenarios will be considered as a starting point:
· Note 1: 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.
· Note 2: the table below does not imply that UEs are necessarily placed at positions defined for UEs in the scenarios in the right column.
· Note 3: the existing communication scenarios are listed with the intent to use the evaluation parameters defined for those scenarios, as a starting point.

	[bookmark: OLE_LINK49]Sensing Targets
	scenarios 

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

	Humans indoors
	[bookmark: OLE_LINK4]InF, Indoor Office, [Indoor Room (TR 38.808)], [UMi, UMa]

	Humans outdoors
	UMi, UMa, [RMa]

	Automotive vehicles (at least outdoors)
	[bookmark: OLE_LINK59]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



Agreement
For ISAC channel modelling, RAN1 uses the sensing related terminology as defined in TS22.137 or TR22.837 as a starting point for discussion purposes with the following definitions: 
1. Sensing transmitter: the TRP or a UE that sends out the sensing signal which the sensing service will use in its operation. A sensing transmitter can be located in the same or different TRP or a UE as the sensing receiver.
2. Sensing receiver: the TRP or a UE that receives the sensing signal which the sensing service will use in its operation. A sensing receiver can be located in the same or different TRP or a UE as the sensing transmitter.
3. Sensing target: target that need to be sensed by deriving characteristics of the objects within the environment from the sensing signal.
4. Background environment: background (clutter and/or environmental objects) that are not the sensing target(s).
5. Mono-static sensing: sensing where the sensing transmitter and sensing receiver are co-located in the same TRP or UE.  
6. Bi-static sensing: sensing where the sensing transmitter and sensing receiver are in different TRPs or UEs. 
7. Multi-static sensing: sensing where there are multiple sensing transmitters and/or multiple sensing receivers, for a sensing target.
8. Sensing signal: Transmissions on the 3GPP radio interface that can be used for sensing purposes.

[bookmark: _Hlk160045944]Agreement
The common framework for ISAC channel model is composed of a component of target channel and a component of background channel, 

· Target channel  includes all [multipath] components impacted by the sensing target(s). 
· FFS details of the target channel 
· Background channel  includes other [multipath] components not belonging to target channel
· FFS details of the background channel
· FFS whether/how to model environment object(s), i.e., object(s) with known location, other than sensing target(s)
· FFS whether/how to model propagation path(s) between the target(s) and the environment object(s)
· FFS whether/how to model propagation path(s) between the target(s) and the stochastic clutter(s) 
· Note: the notation HISAC can be revised later if needed


In this contribution, we discuss methods of modelling of sensing transmitters/receivers, sensing targets and background environments and share our views on the BS—BS and UT—UT links.
2 [bookmark: _Ref178064866]Discussion
2.1 Sensing transmitter and sensing receivers
RAN1#116 made an agreement related to ISAC target and legacy communication scenarios. Several legacy communication scenarios are listed to be applicable to each sensing target, either indoor or outdoor. Nevertheless, the three notes in the agreement point out some problems that need further study. 
Some basic deployment scenarios were specified in TR 38.901 and designed for communication between gNB and UEs. In later NR releases, more types of UEs are considered in new scenarios, including aerial UEs in UAV scenarios specified TR 36.777, and automotive UEs in V2X scenarios specified in TR 37.885. When communication and sensing are integrated as ISAC, sensing targets, usually passive objects, are to be added in the scenarios in addition to UEs and gNB in communication system. UAVs and vehicles, that are communication UEs in the scenarios in TR 36.777 and TR 37.885 become sensing targets. A question is how to model UEs, which act as sensing transmitters/receivers. 
[bookmark: OLE_LINK10]For example, aerial UEs are modelled in scenarios of RMa-AV, UMa-AV, and UMi-AV in TR 36.777. If these scenarios are reused for ISAC, some of the aerial UEs in the system level simulation become sensing targets, and the remaining aerial UEs may become sensing transmitters/receivers to detect the target UAVs in BS-UE sensing mode, UE mono-static or bi-static sensing modes. 
Similarly, in Urban grid and Highway scenarios specified in TR 37.885, vehicle UEs, pedestrian UEs, and UE type RSUs are modelled for V2V, V2P, and V2I communications. If some vehicle UEs in the scenarios are now sensing targets, for UE mono-static or bi-static sensing modes, it is unclear which from the remaining vehicle UEs, pedestrian UEs, and UE type RSUs may act as sensing transmitter/receiver.
Both examples above are unnecessarily restrictive in that UEs which act as sensing transmitters/receivers are of the same type as sensing targets. This is the motivation for Note 2 in the agreement. The scenarios in the agreement were selected for a given target type, because of the similarity in stochastic characteristics, e.g., height and speed, between the type of sensing targets and communication UEs in these scenarios, rather than between sensing targets and sensing transmitters/receivers. Therefore, scenarios listed in the agreement can be used as a starting point for modelling sensing targets, rather than for modelling gNBs and UEs as sensing transmitters/receivers. 
[bookmark: _Toc163228098]In an ISAC scenario, UEs which act as sensing transmitters/receivers do not have to be of the same type as sensing targets.
Proposal 1 [bookmark: _Toc163228105]Scenarios listed in the first agreement in RAN1#116 can be used as a starting point for modelling sensing targets, rather than for modelling gNBs and UEs as sensing transmitters/receivers.
As to the modelling of sensing transmitters/receivers, in our view, it is better to consider sensing as an add-on to communication. Future gNBs and UEs are likely to support sensing as an optional capability, and they will have an additional role as sensing transmitters and/or sensing receivers. Modelling of such gNBs and UEs should not be affected because of their new sensing capability and the introduction of sensing targets in the system simulation. Hence, gNBs and UEs are still modelled in the same way as communication transmitters/receivers in the communication scenarios in TR 38.901, even if they may additionally act as sensing transmitters/receivers.
[bookmark: _Hlk162435324][bookmark: _Toc163228099]Modelling of gNBs and UEs should not be affected because of their new sensing capability and the introduction of sensing targets in the system simulation.
Proposal 2 [bookmark: _Toc163228106]gNBs and UEs are still modelled in the same way as communication transmitters/receivers in the communication scenarios in TR 38.901, even if they may additionally act as sensing transmitters/ receivers.
2.2 Sensing targets
Some parameters of UAVs and vehicles are provided in TR 36.777 and TR 37.885 respectively, such as different sizes of vehicles, speed, height. However, additional parameters are needed for the purpose of object detection and tracking. 
Sensing targets are characterized by their location, size range, movement pattern, and so on. Some parameters are common to all types of sensing targets, although the values vary among different types of sensing targets. Table 1 is an example of a list of parameters that can characterize a given type of sensing targets.  The sensing target types are listed in the left column in the table of the first RAN1#116 agreement. Candidate values and value ranges for each type of sensing targets can be further discussed.
Table 1: Evaluation parameters for a type of sensing targets
	Parameters
	Example Values

	Type of sensing targets
	UAVs, Humans indoors, Humans outdoors, Automotive vehicles (at least outdoors), Automated guided vehicles (e.g. in indoor factories), or Objects creating hazards on roads/railways (examples defined in TR 22.837)

	Size range
	 

	Positions over time
	

	Orientations over time
	

	Number of targets
	

	Distribution
	Uniform

	Indoor or outdoor
	

	Min. sensing transmitter - target distance
	

	Min. target - sensing receiver distance
	 

	Probability of LOS/NLOS from sensing transmitter
	LOS and NLOS

	Probability of LOS/NLOS to sensing receiver
	LOS and NLOS 



Proposal 3 [bookmark: OLE_LINK41][bookmark: _Toc163228107]Study how to model sensing targets with Table 1 as a starting point. 
2.3 Background environment
The following definition of background environment was agreed on in RAN1#116. In this section, we discuss the definition of clutter and/or environmental objects and how to model them.
[bookmark: OLE_LINK13]4.	Background environment: background (clutter and/or environmental objects) that are not the sensing target(s).
An FFS bullet in another agreement on the framework of ISAC channel model further clarifies environment object(s) as object(s) with known location, other than sensing target(s).
· FFS whether/how to model environment object(s), i.e., object(s) with known location, other than sensing target(s)
Environment objects can be significant reflectors, and the FFS bullet above makes it clear that they are geometric objects. In scenarios where automotive vehicles, humans, or AGVs are sensing targets, the most common environment object(s), are buildings and walls. Not only their positions and orientations are known but also their size, reflection characteristics. The stochastic background channel in e.g. 38.901 already implicitly includes the multipath from the environment, but for sensing purposes it can be important to model some environment objects using a deterministic approach, i.e. to guarantee geometrically consistent reflections in a target channel. However, to avoid double-counting, the number of deterministic environment objects should be limited. 
[bookmark: _Toc163228100]Environment objects are significant reflectors and modelled as geometric objects, i.e., objects with a position and orientation, other than sensing targets. 
[bookmark: _Toc163228101]The most common environment objects are buildings and walls. Since environment objects are implicitly accounted for in the stochastic model care needs to be taken when adding deterministic environment objects in a sensing scenario.
[bookmark: OLE_LINK11]Clutter in our view include geometric clutter and stochastic clutter. They may be the unintended objects, which sensing receivers need to distinguish from the real targets. In contrast, sensing receivers usually don’t mistake sensing targets with environment objects. Some typical unintended objects are objects of the similar type as sensing targets. e.g., birds in UAV scenario, pedestrians and cyclists in outdoor human scenario. In addition, objects of the same type as sensing targets are also unintended objects. For example, in a highway scenario, one vehicle is the target, and other surrounding vehicles are part of the background environment. 
[bookmark: _Toc163228102]Clutter includes geometric clutter and stochastic clutter. They may be the unintended objects, with the same type as sensing targets or similar type, e.g., birds in UAV scenario and pedestrians and cyclists in outdoor human scenario.
Examples of environment objects and clutter are added for the corresponding sensing targets in Table 2.
Proposal 4 [bookmark: _Toc163228108]Study the modelling of environment objects and clutter in Table 2.
Table 2: Examples of environment objects and clutter
	Sensing Targets
	scenarios  
	[bookmark: OLE_LINK12]Background environment

	
	
	Examples of environment objects
	Examples of clutter (i.e., unintended objects) of similar type as sensing targets

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

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

	Humans outdoors
	UMi, UMa, [RMa]
	walls, buildings
	pedestrians, cyclists

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

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

	Objects creating hazards on roads/railways (examples defined in TR 22.837)
	Highway, Urban grid, HST
	Safety barriers 
	 cars, trains

	Note: Objects of the same type as a sensing target but other than the target are not listed as clutter in the rightmost column.


2.3.1 [bookmark: _Hlk162457055] Environment objects
In RAN1#116 meeting, there were different views regarding the need to model geometric environment objects in the background environment. From the measurements in [2], it was seen that reflections of the target in multiple walls might be present in the channel. These reflections can confuse the sensing algorithm to believe that the target is in a completely different position, if not handled properly by the algorithm. If handled correctly, however, these additional observations of the target can be used to increase the accuracy of the target positioning, especially if there is some prior knowledge about the position, orientation and extent of the reflective surface.
[bookmark: _Toc163228103]Environment objects, if modelled in a geometrically consistent way, can be used for target detection and tracking.
[bookmark: OLE_LINK16][bookmark: OLE_LINK15]Even if environment objects are modelled as geometric objects, they need to be modelled in a different way than point-scatterers if their geometric aspects should be exploited in the sensing algorithms. For example, materials, size, corners of walls are to be considered.
Proposal 5 [bookmark: _Toc163228109]Even if environment objects are modelled as geometric objects, they need to be modelled in a different way than point-scatterers if their geometric aspects should be exploited in the sensing algorithms.
2.3.2  Clutter
[bookmark: OLE_LINK14][bookmark: OLE_LINK9]Geometric clutter can be modelled in the same way as sensing targets, but with different characteristics so that they can be distinguished from the targets. An addition parameter of the amount of clutter or the ratio between clutter and sensing targets is needed.
Proposal 6 [bookmark: _Toc163228110]Geometric clutter can be modelled in the same way as sensing targets, but with different characteristics so that they can be distinguished from the targets. An additional parameter of the amount of clutter or the ratio between clutter and sensing targets is needed.
2.4 BS-BS links and UE-UE links, calibration
For sensing, a sensing transmitter sends out a signal, which is reflected by a target and/or by clutter and then received by a sensing receiver. For a sensing target, there are two target-related sensing links: from sensing transmitter to target and from target to sensing receiver. The direct propagation path between sensing transmitter and sensing receiver has a significantly larger gain compared to the propagation paths scattered off the target [2] and therefore needs to be modelled in a sensing channel model for all sensing modes. 
[bookmark: _Toc163228104]The link between sensing transmitter and sensing receiver often contributes significantly to the channel gain and needs to be modelled in a sensing channel model for all sensing modes. 
It is worth noting that in TR 38.901 up to Rel-18, gNB-UE bistatic communication channel mode is the only supported mode. For TRP-UE bistatic and UE-TRP bistatic sensing modes, the propagation link between sensing transmitter and sensing receiver can be referred to the existing gNB-UE communication model. However, for TRP-TRP bistatic, TRP monostatic, UE-UE bistatic, and UE monostatic sensing modes, the link between sensing transmitter and sensing receiver is not defined in TR 38.901 and needs to be studied.
Proposal 7 [bookmark: _Toc159148694][bookmark: _Toc163228111]For TRP-UE bistatic and UE-TRP bistatic sensing modes, the propagation link between sensing transmitter and sensing receiver can be referred to the existing gNB-UE communication channel model. 
Proposal 8 [bookmark: _Toc159148695][bookmark: _Toc163228112]For TRP-TRP bistatic, TRP monostatic, UE monostatic, and UE-UE bistatic sensing modes, the propagation link between sensing transmitter and sensing receiver is not defined in TR 38.901 and needs to be studied.
For ISAC channel model calibration, some common parameters are to be selected from the admissible parameter sets or specific sensing targets.
Proposal 9 [bookmark: _Toc163228113]Make general sensing scenarios that specify only admissible parameter sets.
Proposal 10 [bookmark: _Toc163228114]For channel model calibration, some common calibration parameters are to be selected for specific sensing targets.
3 Conclusion
In the previous sections we made the following observations: 
Observation 1	In an ISAC scenario, UEs which act as sensing transmitters/receivers do not have to be of the same type as sensing targets.
Observation 2	Modelling of gNBs and UEs should not be affected because of their new sensing capability and the introduction of sensing targets in the system simulation.
Observation 3	Environment objects are significant reflectors and modelled as geometric objects, i.e., objects with a position and orientation, other than sensing targets.
Observation 4	The most common environment objects are buildings and walls. Since environment objects are implicitly accounted for in the stochastic model care needs to be taken when adding deterministic environment objects in a sensing scenario.
Observation 5	Clutter includes geometric clutter and stochastic clutter. They may be the unintended objects, with the same type as sensing targets or similar type, e.g., birds in UAV scenario and pedestrians and cyclists in outdoor human scenario.
Observation 6	Environment objects, if modelled in a geometrically consistent way, can be used for target detection and tracking.
Observation 7	The link between sensing transmitter and sensing receiver often contributes significantly to the channel gain and needs to be modelled in a sensing channel model for all sensing modes.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Scenarios listed in the first agreement in RAN1#116 can be used as a starting point for modelling sensing targets, rather than for modelling gNBs and UEs as sensing transmitters/receivers.
Proposal 2	gNBs and UEs are still modelled in the same way as communication transmitters/receivers in the communication scenarios in TR 38.901, even if they may additionally act as sensing transmitters/ receivers.
Proposal 3	Study how to model sensing targets with Table 1 as a starting point.
Proposal 4	Study the modelling of environment objects and clutter in Table 2.
Proposal 5	Even if environment objects are modelled as geometric objects, they need to be modelled in a different way than point-scatterers if their geometric aspects should be exploited in the sensing algorithms.
Proposal 6	Geometric clutter can be modelled in the same way as sensing targets, but with different characteristics so that they can be distinguished from the targets. An additional parameter of the amount of clutter or the ratio between clutter and sensing targets is needed.
Proposal 7	For TRP-UE bistatic and UE-TRP bistatic sensing modes, the propagation link between sensing transmitter and sensing receiver can be referred to the existing gNB-UE communication channel model.
Proposal 8	For TRP-TRP bistatic, TRP monostatic, UE monostatic, and UE-UE bistatic sensing modes, the propagation link between sensing transmitter and sensing receiver is not defined in TR 38.901 and needs to be studied.
Proposal 9	Make general sensing scenarios that specify only admissible parameter sets.
Proposal 10	For channel model calibration, some common calibration parameters are to be selected for specific sensing targets.
[bookmark: _In-sequence_SDU_delivery] 
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