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[bookmark: _Ref506539118]Introduction
In this document, we discuss the channel modeling aspects for Integrated Sensing and Communication (ISAC) according to the following objectives ‎[1]:
	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)
· 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:
· Identify details of the deployment scenarios corresponding to the above use cases.
· Define channel modelling details for sensing using 38.901 as a starting point, and taking into account relevant measurements, including:
1. 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;
1. spatial consistency.

It will be discussed at RAN#105 whether to include additional study beyond channel modelling for ISAC.


During the first meeting RAN1#116, the following were agreed regarding ISAC channel modelling aspects ‎[2]:
	[bookmark: _Hlk160045944]Agreement (RAN1#116, agenda 9.7.2)
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  can be revised later if needed
Agreement (RAN1#116, agenda 9.7.1)
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.


In this agenda, the channel modelling aspects for ISAC are being discussed, focusing on identifying appropriate modeling approaches assuming NR channel modeling framework from TR 38.901 ‎[3] as a baseline. The discussion on use cases and deployment scenarios is provided in ‎[4].
Discussion
Discussion on Channel Components
As per the last meeting agreement, there are two high-level channel components:  which includes all [multipath] components impacted by the sensing target(s), and  which includes other [multipath] components not belonging to target channel.
Note that the following definitions of the target and the background were agreed in agenda 9.7.1 in RAN1#116:
	Sensing target: target that need to be sensed by deriving characteristics of the objects within the environment from the sensing signal.
Background environment: background (clutter and/or environmental objects) that are not the sensing target(s).


In our understanding, this classification is understood from the perspective of the impact of the target on the channel components. However, it lacks further details how exactly the components are generated, e.g.,  may be generated via a ray-tracing approach or may be quasi-deterministic and  may be stochastic.
[bookmark: _Hlk162873833]Further, it is FFS whether/how to model environment objects, i.e., objects with known location, other than sensing targets. As was discussed in the last meeting, for that purpose  may be further split into the environment stochastic component and the clutter (or significant non-target) component, with the latter representing the environment object and being modelled in the same way as the target channel:
.
[bookmark: _Hlk162873930]Proposal 1
·  is modelled by two sub-components: the environment stochastic component  and the clutter (or significant non-target) component , with the latter being modelled in the same way as the target channel:
.
Since both  and  use the same approach, the discussion on generation of  generation will be equivalently applicable to .
Extension of TR 38.901 to Bistatic Case
Based on the principles outlined in previous sections, the high-level methodology for generating the target related channel   using a quasi-deterministic approach at least for bistatic case may be outlined as follows in view of Figure 2:
· Step A. In addition to setting the network layout and operating scenario, the quasi-deterministic clusters (target and significant non-target objects) are generated and given 3D locations  and directions of travel. There are in total  quasi-deterministic clusters.
· Step B. For each of the quasi-deterministic clusters, the 3D coordinates of  Point-Of-Reflections (PORs) are generated. A POR is a hypothetical point in 3D space within a quasi-deterministic cluster which represents intersection of a particular pair of arrival ray to the cluster and departure ray from the cluster. Regarding the value of , as an example, the existing stochastic channel model of TR 38.901 generates 20 rays per cluster, and so,   may be taken as starting point to consider. The POR coordinates represent the object properties in terms of size and orientation. As per the prioritized use cases, RAN1 needs to discuss representative POR distributions for vehicles, UAVs, AGVs, and humans.
· Step C. Limiting the discussion to a single bounce order for now, the distances, delays, and departure/arrival angles from the transmitter to each POR, and from each POR to the receiver are calculated from 3D locations of the transmitter, the receiver, and the POR. If the quasi-deterministic cluster is moving, the distances, delays, and angles evolve considering the 3D coordinate evolution.
· Step D. The cluster powers  are generated. The current procedure in TR 38.901 utilizes the exponential power delay profile for generation of cluster powers. However, the cluster powers for the quasi-deterministic object may need to represent its reflective properties more accurately, e.g. by utilizing RCS characterization. This part requires discussion in RAN1 on how the reflected power level should be modelled in coexistence with the environment clusters whose power delay profile follows the random distribution.
· Step E. The powers of rays  within a cluster may be either equally split  or may follow a distribution  with the total power characterized by the cluster power generated in the previous step.
· Step F. The coefficient generation steps, namely, cross-polarization power ratios (XPR) and initial phases  are generated reusing the procedures specified in TR 38.901.
The outlined Steps A-F are used to generate the quasi-deterministic component of the channel, i.e. .  The environment component of the channel  is assumed to be generated by the existing procedure, potentially with the following modifications:
· RAN1 may need to discuss whether the total number of clusters characterizing a given channel propagation scenario (i.e., UMa, UMi, InH, InF, etc.)  is kept the same as agreed for the stochastic channel generation, or the quasi-deterministic clusters are added on top. In the former case, some of the environmental clusters need to be removed from the channel generation. Moreover, the concept of strong clusters, which are split into sub-clusters, may be affected/revised, given that the strong clusters in terms of power may be the quasi-deterministic ones.
· The stochastic cluster delays  and powers  may have additional scaling to align with the delays and powers generated for the quasi-deterministic clusters.
· There may be a blockage-like model or procedure which changes or excludes the departure/arrival angles when the stochastic cluster rays overlap with quasi-deterministic cluster rays.
After the two components of the channel are generated, those are superimposed into one multipath channel. This channel then may experience additional pathloss and shadowing as per the scenario definition, especially for the bistatic case. For the monostatic case, additional considerations, as outlined in section ‎2.3, are required.
Proposal 2
· (Quasi-)deterministic component for bistatic sensing case is modelled according to the following high-level procedure:
· For a given deployment scenario, generate target and significant non-target objects as quasi-deterministic clusters,
· For each generated quasi-deterministic cluster, generate a number of points of reflection (PORs),
· Assuming single-bounce reflection, calculate distances, delays, and departure/arrival angles from the transmitter to the POR, and from the POR to the receiver,
· FFS: The multi-bounce reflection case.
· Generate quasi-deterministic cluster powers based on RCS,
· Generate POR/ray powers from the cluster powers,
· Generate random channel coefficients.
Proposal 3
· Stochastic component for bistatic sensing case is modelled according to TR 38.901, with necessary modification considering:
· Stochastic clusters number, taking into account the number and power of (quasi-)deterministic clusters,
· Delay and power distribution scaling/alignment with the (quasi-)deterministic clusters,
· Ray blockage by (quasi-)deterministic clusters.
High-level diagram showing modifications to the TR 38.901 procedure is illustrated in Figure 1.


[bookmark: _Ref158815146]Figure 1. ISAC channel generation diagram for bistatic case
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[bookmark: _Ref163137541]Figure 2. Illustration of a target and its POR in bistatic case.
[bookmark: _Ref158817667]Extension of TR 38.901 to Monostatic Case
Th current channel modeling framework of TR 38.901 does not support the monostatic scenarios, i.e. the scenarios where the TX and RX are collocated. For example, LOS and NLOS characterization is not applicable to the monostatic case – this is usually a property of propagation between two distant points. As it can be checked, by letting the propagation distance between TX and RX to be 0, the model may still generate the channel, but there are parameters which do not represent the propagation environment anymore.
At least the following issues need to be solved in order to reuse TR 38.901 channel modeling framework for the environment component:
· LOS/NLOS channel characterization requires a new approach, the random drawing depending on the 2D/3D distances and heights is not applicable. It may be either fixed to one of LOS/NLOS, or some effective/virtual distance may be used.
· Pathloss may also exploit an effective distance or may be aligned with the attenuation for the quasi-deterministic clusters, for which segment-wise PL may be used, as mentioned below.
· Delay spread (DS) may require appropriate scaling for a given scenario, considering typical distances from the TX/RX node to the first and/or strongest bounce points.
· Departure and arrival TX/RX angle distributions defined separately in TR 38.901 need to collapse to the same distribution due to reciprocity. There are also some parameters which depend on the propagation distance, e.g., ZSD and ZOD mean  and  as per tables 7.5-7, 7.5-8, 7.5-9. Those parameters need to be made independent of the distances, or alternatively, they may employ effective/virtual distance values.
There may be other more radical approaches to model the environment for the monostatic case:
· It may be more accurate to consider an approach of channel generation between TX/RX and a target similar to the channel generation between TX and RX. The direct signal and echo signal in this case would be quasi-reciprocal considering the time delay to travel from TX-to-target-to-RX and RCS.
· The monostatic case may be emulated by an image of the TX/RX node about the target, so that the bistatic channel generation flow may be reused to some extent.
The quasi-deterministic part of the monostatic case may largely follow the one outlined for bistatic case by letting the TX and RX nodes be collocated. The pathloss and shadowing may need to utilize the distance on the TX/RX – Target segment. For the case of single point RCS, the PL can be written as follows:

Here, PL is the propagation loss and shadowing for a given quasi-deterministic cluster depending on TX/RX – cluster distance, and PLRCS is the channel attenuation caused by RCS.
Observation 1
· Extension of TR 38.901 to model environment related channel for monostatic sensing requires consideration of at least the following aspects:
· LOS/NLOS channel characterization in absence of deterministic propagation distance,
· Pathloss calculation in absence of deterministic propagation distance,
· Delay spread scaling,
· Angle distribution alignment.
Spatial and Temporal Consistency
The spatial consistency for the environment component  of the channel may be modelled by the existing mechanisms captured in TR 38.901 section 7.6.3. It is noted that in some cases when most of the channel power is concentrated in the quasi-deterministically modelled clusters, it may not be critical to apply the spatial/temporal consistency to the stochastic part of the channel. But this is not a valid assumption in general, since there may be environments where the multi-path generated by the deterministic clusters is far from the strongest reflection environment, e.g., LOS path between TX and RX. For that reasoning, it is assumed that at least the procedures defined in section 7.6.3 are enabled for sensing evaluations.
The quasi-deterministic component of the channel, i.e. , incorporates the spatial/temporal consistency for the cluster angles, delays, powers, if properly modelled. There are some detailed issues, e.g. related to nominal propagation condition LOS/NLOS associated with a bistatic link which may be inconsistent between spatial/temporal instances. These aspects need to be further discussed.
Proposal 4
· For the environment related channel component, the spatial/temporal consistency model captured in TR 38.901, section 7.6.3 is a baseline.
· For the quasi-deterministic channel component, study any necessary additional considerations for spatial/temporal consistency.
Doppler Effect Modelling
Moving quasi-deterministic clusters may also need to be modelled, e.g., in case of vehicles, UAV, AGV, etc. In this case, in addition to the updates of respective geometrical parameters (distances/delays, angles), the Doppler effect also needs to reflect the cluster movement.
TR 38.901 captures one potential approach for moving scatterers in section 7.6.10:
	For the LOS path, the Doppler frequency is given by
		(7.6-45)
where  and are defined in (7.5-23) and (7.5-24) respectively, and 


For all other paths, the Doppler frequency component is given by:
		(7.6-46)
where  is a random variable from  to ,  is a random variable of Bernoulli distribution with mean p, and  is the maximum speed of the clutter. Parameter p determines the proportion of mobile scatterers and can thus be selected to appropriately model statistically larger number of mobile scatterers (higher p) or statistically smaller number of mobile scatterers (e.g. in case of a completely static environment: p=0 results in all scatteres having zero speed). A typical value of p is 0.2.



Here, for bistatic case, the Doppler component from the moving TX and RX can be reused. The component from moving scatterers need to explicitly capture the direction of travel and velocity of the quasi-deterministic cluster. For that purpose, the following update may be needed:

Here,  is the travel vector of the deterministic cluster, defined in the same way as the travel vectors of TX and RX in the global coordinate system.
For the monostatic case, only one of TX/RX travel vectors are utilized for the Doppler component.
Proposal 5
· For quasi-deterministic clusters, the Doppler effect is modelled by explicitly introducing the travel vector in the dual mobility equation of TR 38.901, section 7.6.10.
RCS Modelling
In radar related literature ‎[5], the RCS or  of a target is defined as the (hypothetical) area intercepting that amount of power which, when scattered equally in all directions, produces an echo at the radar equal to that from the target.

·  is the distance between radar and target
·  is the reflected field strength at radar
·  is the strength of incident field at target
By letting the received power at the radar as , an approximation based on free-space propagation may be written as follows:

·  is radar’s TX power,
·  is the transmitting antenna gain of the radar antenna,
·  is the TX – target distance,
·  is the monostatic RCS of the target, which has units of area and characterizes its size as seen by the radar,
·  is the receiving effective area of the radar antenna,
· Relationship between  and  is .
The pathloss component from RCS, PLRCS may be defined simply by all the attenuation happening during the scattering, considering that the other propagation and antenna related components are absorbed by the classical PL definition:

It may be further discussed whether RCS is cluster-specific or ray/POR specific. Additionally, it should be further discussed whether  is a random number in a given channel realization, or a fixed/tabulated number. Moreover, dependency of RCS on incident angle may need to be considered.
For the bistatic case, the generalized RCS may be represented as follows:

·  is the bistatic RCS of the target, which has units of area and characterizes its size as seen by the receiving antenna,
·  is the transmitting antenna gain in the direction of target,
·  is the receiving antenna gain in the direction of target,
·  is the transmitter-to-target distance,
·  is the receiver-to-target distance.
By taking out the antenna and propagation attenuation, the  may still be modelled as  for bistatic case, however, the important part is to incorporate it into the existing pathloss models defined between TX and RX nodes for a given deployment scenario. In our view, the total PL still needs to follow the distribution defined in TR 38.901. In this case, for bistatic channel, RCS may rather be incorporated into the cluster/ray shadowing than into PL.
Proposal 6
· RAN1 to consider RCS modelling as part of fast-fading and small-scale parameters (SSP) to cover cases of cluster and/or ray -specific RCS and angle-dependent RCS.
Conclusions
In this contribution, we discussed high-level aspects to approach ISAC channel modeling within the framework defined by TR 38.901. The following proposals are made:
Proposal 1
·  is modelled by two sub-components: the environment stochastic component  and the clutter (or significant non-target) component , with the latter being modelled in the same way as the target channel:
.
Proposal 2
· (Quasi-)deterministic component for bistatic sensing case is modelled according to the following high-level procedure:
· For a given deployment scenario, generate target and significant non-target objects as quasi-deterministic clusters,
· For each generated quasi-deterministic cluster, generate a number of points of reflection (PORs),
· Assuming single-bounce reflection, calculate distances, delays, and departure/arrival angles from the transmitter to the POR, and from the POR to the receiver,
· FFS: The multi-bounce reflection case.
· Generate quasi-deterministic cluster powers based on RCS,
· Generate POR/ray powers from the cluster powers,
· Generate random channel coefficients.
Proposal 3
· Stochastic component for bistatic sensing case is modelled according to TR 38.901, with necessary modification considering:
· Stochastic clusters number, taking into account the number and power of (quasi-)deterministic clusters,
· Delay and power distribution scaling/alignment with the (quasi-)deterministic clusters,
· Ray blockage by (quasi-)deterministic clusters.
Observation 1
· Extension of TR 38.901 to model environment related channel for monostatic sensing requires consideration of at least the following aspects:
· LOS/NLOS channel characterization in absence of deterministic propagation distance,
· Pathloss calculation in absence of deterministic propagation distance,
· Delay spread scaling,
· Angle distribution alignment.
Proposal 4
· For the environment related channel component, the spatial/temporal consistency model captured in TR 38.901, section 7.6.3 is a baseline.
· For the quasi-deterministic channel component, study any necessary additional considerations for spatial/temporal consistency.
Proposal 5
· For quasi-deterministic clusters, the Doppler effect is modelled by explicitly introducing the travel vector in the dual mobility equation of TR 38.901, section 7.6.10.
Proposal 6
· RAN1 to consider RCS modelling as part of fast-fading and small-scale parameters (SSP) to cover cases of cluster and/or ray -specific RCS and angle-dependent RCS.
References
[1] [bookmark: _Ref158627212]RP-234016, “New SID: Study on channel modelling for Integrated Sensing And Communication (ISAC) for NR”, Nokia, Nokia Shanghai Bell, RAN#102, December, 2023.
[2] [bookmark: _Ref162861555]Chair’s notes, RAN1#116, February 26, 2024 – March 1, 2024, Athens, Greece.
[3] [bookmark: _Ref158820497]3GPP TR 38.901 V17.0.0 (2022-03) “Study on channel model for frequencies from 0.5 to 100 GHz (Release 17)”
[4] [bookmark: _Ref158627273]R1-2400504 “Deployment scenarios for ISAC channel modeling”, Intel Corporation, February - March 2024.
[5] [bookmark: _Ref159074631]Merril I. Skolnik, “Introduction to Radar Systems”, International Edition, 1981.



7/7
image1.png
H.arget




image2.png
Hyackaround




image3.emf
Set scenario, 

network layout and 

antenna parameters

Generate XPRs

Perform random 

coupling of rays

Generate arrival & 

departure angles

Generate cluster 

powers

Generate delays

Assign propagation 

condition (NLOS/

LOS)

Calculate pathloss

Generate correlated 

large scale 

parameters (DS, 

AS, SF, K)

Draw random initial 

phases

Generate channel 

coefficient

Apply pathloss and 

shadowing

General parameters:

Small scale parameters:

Coefficient generation:

Set 3D locations of the centers 

and associated PORs for 

modelled targets and significant 

non-targets (deterministic clusters)

Calculate 3D distances 

between all nodes including 

BSs, UEs, deterministic 

clusters

Calcuate delays for 

targets deterministic 

clusters

Generate 

deterministic cluster 

powers based on 

RCS

Calculate arrival /

departure angles for 

deterministic 

clusters PORs


Microsoft_Visio_Drawing.vsdx
Set scenario, network layout and antenna parameters
Generate XPRs
Perform random coupling of rays
Generate arrival & departure angles
Generate cluster powers
Generate delays
Assign propagation condition (NLOS/LOS)
Calculate pathloss
Generate correlated large scale parameters (DS, AS, SF, K)
Draw random initial phases
Generate channel coefficient
Apply pathloss and shadowing
General parameters:
Small scale parameters:
Coefficient generation:
Set 3D locations of the centers and associated PORs for modelled targets and significant non-targets (deterministic clusters)
Calculate 3D distances between all nodes including BSs, UEs, deterministic clusters
Calcuate delays for targets deterministic clusters
Generate deterministic cluster powers based on RCS
Calculate arrival /departure angles for deterministic clusters PORs



image4.png
POR




