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1. Introduction
The Rel-19 study item on channel model for integrated sensing and communication (ISAC) for NR has been approved in RAN#102 meeting [1]. In this contribution, we provide detailed discussion on ISAC channel model, including high-level methodologies, target modelling, large scale fading, small scale fading, spatial consistency, channel calibration, channel validation, etc.

2. Methodologies
2.1. Design principles
The existing channel model in TR 38.901 is designed to support the performance evaluation of communication only. In order to evaluate a solution for sensing of which the currently identified use cases captured in TR 22.837, a new channel model is necessary to model the interaction of sensing target on the radio signal propagation from the transmitter to the receiver. Further, to enable the evaluation for integration between sensing and communication in a later release of 5G-A or 6G, the new channel model in Rel-19 should consider the evaluation of both sensing and communication.
A stochastic channel model for communication has been defined in TR 38.901. However, the channel model cannot explicitly model the impact of any target with determined location, and thus a new ISAC channel model considering of impact of target shall be studied. By adding the impact of one or more targets with given locations, it is expected the overall channel for ISAC would be different from the channel modelled by the existing TR 38.901 for a same Tx and Rx pair. On the other hand, since the locations of targets are randomly generated, the impacts of the targets to the ISAC channels are also randomized in multiple snapshots, which reduces the changes of the statistics compared to delay spread, angle spread, etc. in TR 38.901. For example, power scaling can be considered over the target channel and background channel generated by TR 38.901. Further, the number of clusters in the background channel may be adapted too. With the consideration of the above analysis, the ISAC channel model in Rel-19 can focus on enabling the evaluation for sensing in the beginning of the study item. Further discussion is necessary regarding whether/how to calibrate the ISAC channel model with existing channel model in TR 38.901 from communication evaluation aspect.
[bookmark: _Ref157766107]Proposal 1: The ISAC channel model in Rel-19 can focus on enabling the evaluation for sensing, with consideration on keeping the difference minimized comparing with the existing channel model in TR 38.901 in the evaluation of communication.
Beside the above-mentioned stochastic channel model, an alternative map-based hybrid channel model, which also includes a deterministic ray-tracing component is also supported in TR 38.901. In general, both stochastic and hybrid channel models maybe extended for sensing, which result in two options.
· Option 1: Geometry-based stochastic model (GBSM) with explicit model of the impact of given targets.
· Option 2: Using ray-tracing to model the impact of given targets which is extension of map-based hybrid channel model in 38.901.
The ray-tracing model may provide more accurate channel model for a well-defined layout of a scenario. However, it may take long time to agree on the details on targets and environment among interested companies. Further, a special case of a scenario cannot represent all possible implementations of the scenario, i.e., ray-tracing model faces the problem for generalization. Further, the different companies may use different models of ray-tracing which are very difficult to calibrate. As comparison, geometry-based stochastic model had been extensively used in the communication evaluations in 3GPP with well-preformed calibration. In summary, it is preferred to prioritize the ISAC channel model using Option 1.
[bookmark: _Ref157766110]Proposal 2: The ISAC channel model is constructed based on the geometry based stochastic channel model in TR 38.901 with explicit model of sensing targets with given locations.

2.2. [bookmark: _Ref159244924]Common framework
In RAN1#116 meeting [2], the following agreement has been achieved.
	[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



As a common framework, the ISAC channel is composed of target channel component and background channel component. The target channel includes all multipath components impacted by the sensing targets, while the background channel includes other multipath components not belonging to target channel. Multiple options can be considered for each of the two components in the channel model, which are usually the trade-off between complexity and the accuracy. To avoid the divergence of evaluation results due to different channel models, agreeing on a single option for each of the two components is preferred.
[bookmark: _Ref163226703]Proposal 3: RAN1 strives to agree on single option in the model of the target channel and the background channel.

2.2.1. For a single target
To simplify the discussion, the channel model of the target channel when there is only a single target can be discussed first. Fig. 1 depicts an illustration of the ISAC channel model where the notations T, E, and B represent the sensing target, environment object (EO), and the stochastic cluster, respectively. Here EO represents some non-target objects in the background environment which has determined geometry location, while stochastic clutter represents scatter generated similar as in TR 38.901 which has no explicit geometry location). As illustrated in Fig. 1, the following paths may exist between the Tx and Rx.
· Target channel
· Green line: the LOS ray of Tx-target link and target-Rx link.
· Yellow line: the NLOS path of Tx-target link via stochastic clutter.
· Brown line: the NLOS path of target-Rx link via stochastic clutter.
· Blue line: the LOS ray of Tx-target-EO-Rx link or Tx-EO-target-Rx link.
· Gray line: the NLOS path of Tx-EO link, target-EO link, and EO-Rx link via stochastic clutter, and ray/path between the EO-EO link.
· Background channel
· Red line: the LOS ray of Tx-EO link and EO-Rx link where the EO has interaction with the sensing target.
· Black line: the LOS ray of Tx-EO link and EO-Rx link where the EO has no interaction with the sensing target, and the stochastic clutter caused by the cluster.
· Gray line: the NLOS path of Tx-EO link, target-EO link, and EO-Rx link via stochastic clutter, and ray/path between the EO-EO link.


[bookmark: _Ref162338346]Fig. 1 Illustration of the paths may exist in ISAC channel model.
It would be unnecessarily complicated if all the above listed paths are modelled for ISAC channel model. RAN1 shall discuss and make decision on which of the listed paths shall be modelled for ISAC. Only the paths which may have major impact on the performance of sensing evaluation shall be considered.
[bookmark: _Ref163226705]Proposal 4: Only the multipath component which may have major impact on the performance of sensing evaluation shall be considered for target channel and background channel modelling.

2.2.1.1. Target channel
For a single target, the target channel can be considered as the concatenation of the Tx-target link and target-Rx link. Following the fast fading modelling in existing TR 38.901, there exists NLOS paths in either link. Therefore, the baseline for modelling the target link is to reuse the fast fading modelling in TR 38.901 to generate both LOS rays and NLOS paths for both Tx-target link and target-Rx link, and then concatenate the ray/paths of the two links.
It has been proposed that NLOS paths of Tx-target link and target-Rx link cannot provide useful information from sensing perspective, and thus only LOS rays of the two links need to be explicitly modelled. However, including NLOS paths in the target channel provides more accurate modelling of the interference situation of the desired sensing signal. For example, if only LOS rays are modelled, there will be only a single ray arriving at Rx with the AOA of the direct line between the target and Rx. However, if NLOS paths of Tx-target link is modelled, multiple paths may arrive at the sensing Rx in the same AOA as LOS ray but with different delay/doppler. Such received signal with different delay/doppler reflects the real channel condition of the target, and may have impact on the sensing performance. Moreover, it is not clear whether more advanced sensing algorithm can exploit NLOS paths to boost the sensing performance in the future, for example when advanced sensing algorithm such as AI-based sensing is considered. We thus support to model both the LOS ray and NLOS paths for Tx-target link and target-Rx link. However, how to concatenate the LOS/NLOS paths of Tx-target link and target-Rx link can be further investigated.
[bookmark: _Ref163226709]Proposal 5: For the target channel of ISAC channel model, support to model both the LOS ray and NLOS paths in Tx-target link and target-Rx link.
· The NLOS paths in Tx-target link and target-Rx link are modelled by stochastic clutter.
It has also been proposed that some EOs with determined geometry locations can be considered in the ISAC channel model, and the interaction between the EO and the target shall be modelled, i.e., the link between T and E1 in Fig. 1. An EO can be an object which is similar to the target, e.g., a vehicle, a human, etc., or an EO can be an object which are very different from the target, e.g., a building, a wall, a tree, etc. The modelling of EO can be quite different for different EO types. If EO is supported in ISAC channel model, it shall first be clarified which objects can be considered as EO, and whether the modelling of EO would be the same as that of target. In addition, the interaction between the target and EO may not be always significant, e.g., if EO is far away from the target. Therefore, some criteria should be provided to determine whether the interaction between EO and target are considered.
[bookmark: _Ref163226591]Observation 1: If EO is supported in ISAC channel model, the following issues should be clarified.
· Which object(s) can be considered as EO(s).
· Whether EO is modelled in the same way as target.
· In which criteria the interaction between EO and target should be considered.
The signal will be attenuated for each time when it is scattered by an object. The signal strength of a multipath component would be lower if it is scattered for more times, and the power distribution of multipath components of more than 2 bounces maybe rather low. Therefore, if EO is supported in ISAC channel model, the number of interactions shall be limited to 2 when considering the interaction between the target and EO, that is, only LOS rays of Tx-target-EO-Rx or Tx-EO-target-Rx are needed to be considered for ISAC channel model. All the NLOS path of Tx-EO link, target-EO link, and EO-Rx link via stochastic clutter, and ray/path between the EO-EO link should not be considered in target channel.
[bookmark: _Ref163226595]Observation 2: If EO is supported in ISAC channel model, only LOS rays of Tx-target-EO-Rx or Tx-EO-target-Rx path needs to be considered in target channel.
· All the NLOS path of Tx-EO link, target-EO link, and EO-Rx link via stochastic clutter, and ray/path between the EO-EO link should not be considered in target channel.

2.2.1.2. [bookmark: _Ref163219602]Background channel
The background channel of the ISAC channel can include all impacts of unintended objects, i.e., EOs (with pre-generated location) and/or stochastic clutters (generated as in TR 38.901). The sensing signals scattered from the EOs/clutters would also be received by the sensing Rx, which may cause interference to the signals scattered from the intended target(s). Since the scatters in background channel are not actually interested by the sensing services, it may not be necessary to explicitly model the exact geometry position and characteristic of scatters in background channel. Similar channel model methodology as in existing TR 38.901 can be reused, that is, the geometry positions of the scatters are not explicitly modelled, only the power, delay, doppler, AOA/AOD/ZOA/ZOD, etc. of each component are modelled.
On the other hand, for some sensing services, the impact of some unintended objects on the sensing performance of the interested objects may also need to be evaluated. If such kind of evaluation is needed, it may be preferred to explicitly model some important unintended objects as EOs, each of which has target characteristics such as geometry location, RCS, velocity, etc. The multi-path components corresponding to these EOs can be modelled in a similar way as that of the interested targets.
The following two options can be considered as the starting point for the background channel model.
· Option 1: The background channel of Tx-Rx link is directly modelled based on the channel model defined in TR 38.901.
· Option 2: The EOs are generated with its own geometry location and RCS, and the background channel of Tx-Rx link is modelled similar as the target channel.
[bookmark: _Ref163226712]Proposal 6: For the background channel of ISAC channel model, support to model the background channel by clutter (TR 38.901) or introducing EO.

2.2.1.3. Summary
Based on the above discussion, the paths that should be modelled for the ISAC channel are illustrated as Fig. 2.


Fig. 2 Illustration of the ISAC channel model.

2.2.2. For multiple targets
If there are multiple targets deployed in a scenario, the sensing signals may be scattered by multiple targets, and it may be scattered between different targets. Considering that the signal would be attenuated a lot after reflected by more than one target, and the sensing signals after reflected by more than one target can hardly be used to obtain useful information, we prefer to not explicitly model the interaction among targets. As a result, the common framework of ISAC channel can be expressed by the following formula

where , , , and  denote the ISAC channel, the target channel for the  target, the background channel, and the number of targets, respectively. With such a framework, the detailed modelling for the target channel and the background channel need to be further elaborated.
[bookmark: _Ref157766114][bookmark: _Ref163226715]Proposal 7: The interaction among multiple targets is not explicitly modelled, and the overall target channel is divided into multiple target channel, each of which corresponds to a single target


2.3. SLS and LLS
One more issue to be discussed is to support one or both channel models for system level simulation (SLS) and link level simulation (LLS). Referring to the study of positioning, system level simulation is adopted in RAN1. In the SLS evaluation of positioning, the algorithm for the measurement of a link is directly implemented. In other words, there is no need for a link-2-system mapping. The same mechanism can be applied to ISAC evaluation due to the similarity between sensing and positioning. In summary, a channel model for SLS should be prioritized in the study item. On the other hand, since it is expected RAN4 may use a LLS channel model to define the requirement for ISAC operations, LLS channel model could also be supported, which can be discussed in the later stage of the study item.
Based on some earlier discussion, different company may have different views regarding how to define an LLS channel model, which should be clarified in RAN1. From our point of view, the LLS channel model can be derived by fixing to one Tx, one target, and one Rx for the SLS channel model. It should support the adjustment of the relative positions of Tx, target, and Rx. A typical set of parameters for each of the Tx-target link and the target-Rx link can be defined similar as the introduction of CDL channel model in TR 38.901.
[bookmark: _Ref157766132]Proposal 8: The ISAC channel model for SLS is prioritized. The ISAC channel model for LLS can be generated based on some simplifications on ISAC channel model for SLS, e.g., fixing some parameters in the ISAC channel model for SLS.

2.4. Channel validation
Validation results are then critical to select a most proper option. Validation results may be obtained in two options.
· Option 1: Experimental results only.
· Option 2: Experimental results to validate a ray-tracing model, then the ray-tracing based results are used to validate the ISAC channel model.
As sensing use cases covers a variety of scenarios, different companies may use a different layout for a scenario as well as using a different option to derive the validation data. The necessity to calibrate the validation results from different companies is not clear. It can be up to each company to select an option to obtain the validation results to support their proposals.
[bookmark: _Ref157766121]Proposal 9:
· Companies are encouraged to submit a proposal for ISAC channel model together with validation results.
· Up to each company to select the option for validation, and report in the validation results.
· Option 1: Experimental results only.
· Option 2: Experimental results to validate a ray-tracing model, then the ray-tracing based results are used to validate the ISAC channel model.

3. [bookmark: _Ref158290344]Target modelling
As captured in the SID [1], the focus of the study is to define channel model aspects to support object detection and/or tracking. In at least some use cases, it may be sufficient to model a target with a single point to detect the presence or the trajectory of the target. Modelling a target with multiple points may be considered for other use cases. Different kinds of target may need to be modelled with different number of points. The different targets of the same type should have the same number of points, otherwise different types of targets can be defined, e.g., adults and children, or trucks and cars. The impacts of the multiple points in large scale fading, small scale fading, and spatial consistency need further study.
[bookmark: _Ref157766124]Proposal 10: A target can be modelled with single point as the baseline assumption for at least some use cases of object detection and tracking. FFS multiple points for a target.
[bookmark: _Ref159245053]RCS for a target can be introduced to model the scattered power in relation to the incident signal. RCS may be separately modelled for each point of the target or jointly applied to the multiple points of the target. The concept of RCS has been defined and widely used in radar system. It is defined as the fictional 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 [3]. Generally speaking, the RCS is a measure of the ratio of reflected power per steradian (per solid angle) in the direction of radar receiver to the incident power density that is intercepted by the target.
The RCS does not necessarily bear a simple relationship to the physical area of the target, although RCS is likely to be larger if the target size is larger. In fact, the RCS can be dependent on many factors including shape and orientation of the target, carrier frequency, polarization, position of the transmitter and receiver relative to the target geometry, material of the target, etc.
RCS can be a very complicated function of many factors, and various analytical and/or numerical RCS prediction methods have been proposed for RCS modelling in radar study. A very complicated RCS modelling may help to precisely characterize the RCS of a practical target, however, defining such a model may not match the expertise of 3GPP, and introduce too much complexity of 3GPP evaluation. In addition, a very precise RCS model may not be necessary for intruder detection and tracking use cases. A simplified RCS model with sufficient precision to satisfy the requirement of interesting use cases would be preferred.
To simplify the RCS modelling, using a constant RCS is an alternative when the a priori information about the target is minimal. Table 1 lists some typical RCS values for different target types in the microwave frequency band [6].
[bookmark: _Ref158046034]Table 1 Typical RCS values for different reflectors in the microwave frequency band.
	Target
	RCS (m2)
	RCS (dBsm)

	Helicopter
	3
	4.8

	Small open-top boat/small drone
	0.02
	-17

	Small yacht (20-30 feet)
	2
	3

	Car
	100
	20

	Small truck
	200
	23

	Bicycle
	2
	3

	Human
	1
	0

	Large-sized bird
	10-2
	-20

	Medium-sized bird
	10-3
	-30

	Large-sized insect
	10-4
	-40

	Small-sized insect
	10-5
	-50

	Note 1: The conversion relationship between the two RCS values in the table is:




The statistical model can also be used to model the target RCS dynamic fluctuation, e.g., uniform distribution, Gaussian distribution, etc. Based on the types of sensing target, RCS can be modelled as different distributions. Table 2 lists some example RCS distributions for different target types [6].
[bookmark: _Ref158060914]Table 2 RCS distribution and range for different target types.
	Target
	Recommended RCS range and distribution type

	Pedestrian
	RCS modelled as uniform distribution in [-20,0] dBsm or modelled as Gaussian distribution in [-20,0] dBsm .

	Small-sized car
	RCS modelled as uniform distribution in [-5,25] dBsm or modelled as Gaussian distribution in [-5,25] dBsm .

	Large-sized car
	RCS modelled as uniform distribution between [15,40] dBsm or modelled as Gaussian distribution between [15,40] dBsm .

	Two-wheeler (motorcycle)
	RCS modelled as the uniform distribution between [-10,20] dBsm or modelled as Gaussian distribution between [-10,20] dBsm .

	Miscellaneous scatterers in the environment
	RCS is modelled as Gaussian distribution , in which its mean value  is modelled as a uniform distribution in [-50,20] dBsm.

	Note 1: In the table, when the RCS of the pedestrian, small-sized car, large-sized car, and two-wheeler (motorcycle) is modelled as  Gaussian distribution, in which a mean value is  and the standard deviation can be obtained based on the  rule of Gaussian distribution, which is .



More complex, a general RCS function with parameters which can have impact on RCS can be provided as follows

where  denotes the type of target,  denotes the orientation of the target, , , and  denote the coordinates of the sensing transmitter, receiver, and target, respectively,  denotes the carrier frequency of sensing signal, and  denote the cross-polarization power ratios. For simplicity, RCS may be still modelled in slow fading as a function based on the arrival angle and departure angle of LOS ray at the target. However, it is difficult to extract the exact function or probability distribution from the measurement results for different types of targets.
Therefore, we propose:
[bookmark: _Ref157770451]Proposal 11: For RCS model of target, the following options can be considered as the starting point.
· Option 1: Constant RCS model with fixed value.
· [bookmark: _Hlk162453747]Option 2: Statistical RCS model with pre-defined probability density function.
· How to model the impact of angle on the top of constant RCS or statistical RCS can be left as an FFS.

4. Large scale fading
4.1. Target channel
4.1.1. [bookmark: _Ref159245124]Pathloss
Considering the case that there is no interaction between sensing target/EO and target/EO. The pathloss model of target channel should include the power impact of both Tx-target link and target-Rx link with consideration of the impact of antenna aperture and RCS of target. If the pathloss of target channel is modelled by summing up the pathloss of Tx-target link and target-Rx link, the impact of the antenna aperture is considered twice as much but missing the impact of RCS of target. As a result, the pathloss of each target channel can be generated as

where  denotes the distance between sensing Tx and target in meter (m),  denotes the distance between target and sensing Rx in meter (m),  and  represent the pathloss of Tx-target link and target-Rx link in decibel (dB), respectively,  represents the carrier frequency in hertz (Hz),  is the velocity of light in meters/second (m/s), and  denotes the RCS of the target in square meters (m2).
Referring the measurement results in section 8.1, the above formula for  well match the measurement results, and the pathloss of target channel is determined by the additive relation between pathloss of Tx-target link and target-Rx link can be validated.
[bookmark: _Ref163227473][bookmark: _Ref163226739]Proposal 12: For target channel for both bistatic and monostatic sensing modes, the pathloss model should consider the power impact of both Tx-target link and target-Rx link with consideration of the impact of antenna aperture and RCS of target, and the pathloss can be generated as
.
For monostatic sensing mode, the pathloss  and  can be assumed to be equal thanks to the channel reciprocity, however,  and  should be generated independently for bistatic sensing mode.
[bookmark: _Ref163226743]Proposal 13: For target channel,  can be assumed due to channel reciprocity for monostatic sensing mode while  and  can be generated independently for bistatic sensing mode.
For pathloss,  and  can be calculated by reusing the pathloss formula defined in 3GPP technical reports, e.g., TR 38.901 if the scenario is UMi, UMa, RMa, InH, or InF, TR 36.777 if the scenario is UAV, and TR 37.885 if the scenario is V2X. Since the pathloss formula in 3GPP technical reports is only suitable for pre-defined applicability range, e.g., the antenna height of BS and UT, how to consider the impact of target height on  and  need further study.
[bookmark: _Ref157766138]Proposal 14: For target channel for both bistatic and monostatic sensing modes, the  and  can reuse the pathloss formulas defined in 3GPP technical reports, e.g.,
· TR 38.901 if the scenario is UMi, UMa, RMa, InH, or InF,
· TR 36.777 if the scenario is UAV,
· TR 37.885 if the scenario is V2X.
· FFS: How to consider the impact of target height on  and .

4.1.2. LOS probability
For target channel for both bistatic and monostatic sensing modes, the LOS probability of both Tx-target link and target-Rx link should be considered. The following four cases can be considered as shown in Fig. 2.
Case 1: The propagation conditions of both Tx-target link and target-Rx link are LOS.
Case 2: The propagation condition of Tx-target link is LOS while the propagation condition of target-Rx link is NLOS.
Case 3: The propagation condition of Tx-target link is NLOS while the propagation condition of target-Rx link is LOS.
Case 4: The propagation conditions of both Tx-target link and target-Rx link are NLOS.


   
(a) Case 1                                 (b) Case 2


   
(c) Case 3                                 (d) Case 4
[bookmark: _Ref158105440]Fig. 2 Illustration of propagation condition of Tx-target link and target-Rx link.
For monostatic sensing mode, the LOS/NLOS conditions ofTx-target link and target-Rx link can be assumed to be the same  thanks to the channel reciprocity; however, the LOS/NLOS conditions of Tx-target and target-Rx links should be generated separately using  and  for bistatic sensing mode.
[bookmark: _Ref163226751]Proposal 15: Regarding LOS probability of target channel,
· for monostatic sensing mode, LOS/NLOS conditions of Tx-target link and target-Rx link can be assumed to be the same  thanks to the channel reciprocity;
· for bistatic sensing mode, the LOS/NLOS conditions of Tx-target link and target-Rx link should be generated separately using  and .
The LOS probability of Tx-target link and target-Rx link, i.e.,  and  can be calculated by reusing the LOS probability formula defined in 3GPP technical reports, e.g., TR 38.901 if the scenario is UMi, UMa, RMa, InH, or InF, TR 36.777 if the scenario is UAV, and TR 37.885 if the scenario is V2X. Since the pathloss formula in 3GPP technical reports is only suitable for pre-defined applicability range, e.g., the antenna height of BS and UT, how to consider the impact of target height on  and  need further study.
[bookmark: _Ref157770418]Proposal 16: For target channel for both bistatic and monostatic sensing modes, the LOS probability of Tx-target link and target-Rx link can reuse the LOS probability formulas defined in 3GPP technical reports, e.g.,
· TR 38.901 if the scenario is UMi, UMa, RMa, InH, or InF,
· TR 36.777 if the scenario is UAV,
· TR 37.885 if the scenario is V2X.
· FFS: How to consider the impact of target height on LOS probability.

4.2. [bookmark: _Ref159244957]Background channel
4.2.1. Pathloss
Corresponding to the two options for the background channel in section 2.2.1.2 the pathloss model are discussed as follows.
For Option 1, bistatic sensing and monostatic sensing need to be considered separately: 
· [bookmark: _Hlk157425129]For bistatic sensing mode, the pathloss calculation of background channel depends on the 3D distance between the sensing Tx and sensing Rx. It also depends on whether the sensing Tx and/or sensing Rx is a TRP or UE. The existing pathloss calculation formulas defined in 3GPP technical reports can be mostly reused. For example, for TRP-UE bistatic and UE-TRP bistatic sensing modes, the TRP-UE pathloss formulas defined in 3GPP TR 38.901 for the scenario UMi, UMa, RMa, InH, or InF, TR 36.777 for the scenario UAV, and TR 37.885 for the scenario V2X can be considered; for UE-UE bistatic sensing mode, the UE-UE pathloss formulas defined in 3GPP TR 37.885 and TR 36.843 can be considered; and for TRP-TRP bistatic sensing mode, the TRP-TRP pathloss formulas defined in 3GPP technical reports TR 38.858 for evolution of NR duplex operation can be considered.
· For monostatic sensing mode, since there are no existing formulas to calculate pathloss for co-located Tx and Rx, it is difficult to directly reuse formulas in existing 3GPP TRs to calculate the power attenuation of background channel. How to generate the background channel large scale fading in a stochastic way for monostatic sensing mode needs to be further investigated, e.g., based on measurements.
[bookmark: _Ref157766062]Observation 3: For Option 1 of background channel for monostatic sensing mode, it is difficult to generate pathloss based on the current 3GPP technical reports.
[bookmark: _Ref159262983][bookmark: _Ref157699393][bookmark: _Ref163226758]Proposal 17: For Option 1 of background channel, for bistatic sensing mode, the pathloss calculation formulas in existing 3GPP TRs can be reused; for monostatic sensing mode, how to generate the pathloss need to be further studied.
For Option 2, the distribution for EO dropping should be studied. Since the EOs can be generated with its own geometry location and RCS, it is equivalent to the sensing target for both bistatic and monostatic sensing modes. Similarly, the pathloss of EO can be generated based on the pathloss formulas defined for target channel.
[bookmark: _Ref159262987][bookmark: _Ref157770368]Proposal 18: For Option 2 of background channel, for both bistatic and monostatic sensing modes, the pathloss of EO can be calculated based on the pathloss formulas defined for target channel.

4.2.2. LOS probability
Corresponding to the two options for background channel, the LOS probability models are discussed as follows. LOS probability of the background channel is only meaningful for bistatic sensing mode. For monostatic sensing mode, there is no need to model LOS probability.
[bookmark: _Ref159263006]Proposal 19: There is no need to consider LOS probability for monostatic sensing background channel.
For Option 1, similar as the discussion of pathloss, the LOS probability calculation for background channel between sensing Tx and sensing Rx can mostly reuse the LOS probability calculation in the existing 3GPP TRs.
[bookmark: _Ref157770424]Proposal 20: For Option 1 of background channel for bistatic sensing mode, the LOS probability calculation in existing 3GPP TRs can be reused.
For Option 2, similarly, the LOS probability of EO can be generated based on the LOS probability formulas defined for target channel.
[bookmark: _Ref157770435]Proposal 21: For Option 2 of background channel for bistatic sensing modes, the LOS probability of EO can be generated based on the LOS probability formulas defined for target channel.

5. Small scale fading
The ISAC channel model can be modelled by the combination of target channel and background channel. Similar with communication channel defined in TR 38.901, the channel realizations of ISAC channel can also obtained by a step-wise procedure as illustrated in Fig. 3. In this section, the channel realizations of target channel and background channel are discussed.


[bookmark: _Ref157697058]Fig. 3 Channel coefficient generation procedure for ISAC channel.

5.1. Target channel
In ISAC systems, the sensing Tx transmits sensing signal which is reflected by the sensing target and received by the sensing Rx, and then the sensing Rx can estimate the distance, velocity, and angle information of sensing target based on the received signal, channel state information, statistic characteristics of the noise, etc. To model the target specific component of ISAC channel, a potential approach is to model the channel of both Tx-target link and target-Rx link, and concatenate these two links to generate the end-to-end channel from sensing Tx to sensing Rx, i.e., the Tx-Rx link of target channel. Generally, two principles can be used for concatenation of Tx-target link and target-Rx link. The first principle is to generate the small scale parameter of Tx-Rx link by concatenating the small scale parameter of Tx-target link and target-Rx link, and then generate the channel coefficient of the Tx-Rx link based on the concatenated small scale parameter of Tx-Rx link. The other principle is to generate the channel coefficient of Tx-target link and target-Rx link based on the corresponding small scale parameter, and then generate the channel coefficient of the Tx-Rx link based on the channel coefficient of Tx-target link and target-Rx link. In both principles, the small scale parameter generation of Tx-target link and target-Rx link is essential, and the step 4-9 in TR 38.901 can be reused to generate clusters and rays for the Tx-target link and target-Rx link for target channel. However, the mean and standard deviation of a distribution in a scenario may need to be updated which is for further study.
[bookmark: _Ref157770456]Proposal 22: For both bistatic and monostatic sensing modes, the target channel can be modelled by the concatenation of Tx-target link and target-Rx link.
[bookmark: _Ref157770460]Proposal 23: For target channel, the step 4-9 in TR 38.901 can be reused to generate clusters and rays for the Tx-target link and target-Rx link.
Based on the above-mentioned discussion, the following options are listed for target channel.
· [bookmark: _Hlk158055267]Option 1: Coupling the LOS ray of Tx-target link and the LOS ray of target-Rx link, 1-by-1 randomly coupling the NLOS clusters of Tx-target link and the NLOS clusters of target-Rx link, and generate channel coefficient for Tx-Rx link based on the concatenated small scale parameters of Tx-Rx link.
· Option 2: Fully coupling the LOS ray and all the NLOS cluster of Tx-target link to the LOS ray and all the NLOS clusters of target-Rx link, and generate channel coefficient for Tx-Rx link based on the concatenated small scale parameters of Tx-Rx link.
Option 1
[bookmark: _Hlk157535483]In Option 1, the small scale parameters of Tx-target link and target-Rx link are generated based on the TR 38.901, e.g., delay, power, angle, etc.
As depicted in case 1 of Fig. 2, in the case that the propagation conditions of both Tx-target and target-Rx link are LOS, the LOS ray of Tx-target link is coupling with the LOS ray of target-Rx link, and the NLOS clusters of Tx-target link are 1-by-1 randomly coupling with the NLOS clusters of target-Rx link. In this case, the number of LOS ray and the number of clusters is 1 and , respectively, in both Tx-target link and target-Rx link, and the total number of paths in Tx-Rx link is .
Note: A path is defined by the combining a LOS ray or a NLOS cluster in Tx-target link and a LOS ray or a NLOS cluster in target-Rx link.
As depicted in case 2 of Fig. 2, in the case that the propagation condition of Tx-target link is LOS and the propagation condition of target-Rx link is NLOS, the cluster with the lowest power in Tx-target link is removed. The LOS ray and NLOS clusters of Tx-target link are randomly coupling with the NLOS clusters of target-Rx link. In this case, the number of LOS ray and the number of clusters is 1 and , respectively, in Tx-target link, the number of clusters is  in target-Rx link, and the total number of paths in Tx-Rx link is .
As depicted in case 3 of Fig. 2, in the case that the propagation condition of Tx-target link is NLOS and the propagation condition of target-Rx link is LOS, the cluster with the lowest power in target-Rx link is removed. The NLOS clusters of Tx-target link are randomly coupling with the LOS ray and NLOS clusters of target-Rx link. In this case, the number of clusters is  in Tx-target link, the number of LOS ray and the number of clusters is 1 and , respectively, in target-Rx link, and the total number of paths in Tx-Rx link is .
As depicted in case 4 of Fig. 2, in the case that the propagation conditions of both Tx-target and target-Rx link are NLOS, the NLOS clusters of Tx-target are randomly coupling with the NLOS clusters of target-Rx link. In this case, the number of clusters is  in both Tx-target link and target-Rx link, and the total number of paths in Tx-Rx link is .
Based on the coupling rule, the small scale parameter of Tx-Rx link is generated by concatenating the small scale parameters of Tx-target link and target-Rx link. The channel coefficient of target channel can thus be generated based on the small scale parameter of Tx-Rx link. Fig. 4 illustrates the Option 1 for target channel small scale fading with one LOS ray and two clusters in both Tx-target link and target-Rx link, and the total number of paths in Tx-Rx link is 3.


[bookmark: _Ref157506247]Fig. 4 Illustration of Option 1 for target channel small scale fading.
In Option 1, the LOS ray of Tx-target link and target-Rx link is coupling, and the NLOS clusters of Tx-target link are randomly coupling with the NLOS clusters of target-Rx link. Option 1 exhibits high accuracy, and the computational complexity of channel model and simulation implementation is medium. This 1-by-1 randomly coupling rule refers to the coupling of rays within a cluster for both azimuth and elevation which has been validated in TR 38.901. What’s more, the 1-by-1 randomly coupling rule satisfies the Snell's Law from the perspective of optics.
Option 2
In Option 2, the small scale parameters of Tx-target link and target-Rx link are generated based on the TR 38.901, e.g., delay, power, angle, etc. Any LOS ray or NLOS cluster in one of the two links is coupled with all the LOS ray and the NLOS clusters in the other one of the two links.
As depicted in case 1 of Fig. 2, in the case that the propagation conditions of both Tx-target and target-Rx link are LOS, the number of LOS ray and the number of clusters is 1 and , respectively, in both Tx-target link and target-Rx link, and the total number of paths in Tx-Rx link is .
As depicted in case 2 of Fig. 2, in the case that the propagation condition of Tx-target link is LOS and the propagation condition of target-Rx link is NLOS, the number of LOS ray and the number of clusters is 1 and , respectively, in Tx-target link, the number of clusters is  in target-Rx link, and the total number of paths in Tx-Rx link is .
As depicted in case 3 of Fig. 2, in the case that the propagation condition of Tx-target link is NLOS and the propagation condition of target-Rx link is LOS, the number of clusters is  in Tx-target link, the number of LOS ray and the number of clusters is 1 and , respectively, in target-Rx link, and the total number of paths in Tx-Rx link is .
As depicted in case 4 of Fig. 2, in the case that the propagation conditions of both Tx-target and target-Rx link are NLOS, the number of clusters is  in both Tx-target link and target-Rx link, and the total number of paths in Tx-Rx link is .
Based on the coupling rule, the small scale parameter of Tx-Rx link is generated by concatenating the small scale parameters of Tx-target link and target-Rx link. The channel coefficient of target channel can thus be generated based on the small scale parameter of Tx-Rx link. Fig. 5 illustrates the Option 2 for target channel small scale fading with one LOS ray and two clusters in both Tx-target link and target-Rx link, and the total number of paths in Tx-Rx link is 9.


[bookmark: _Ref157600942]Fig. 5 Illustration of Option 2 for target channel small scale fading.
In Option 2, the LOS ray of Tx-target link is coupling with both the LOS ray and the NLOS clusters in target-Rx link, while the NLOS clusters of Tx-target link are also coupling with both the LOS ray and the NLOS clusters in target-Rx link. Option 2 exhibits high accuracy, but results in high computational complexity of channel model and simulation implementation. This one-to-all coupling rule can be illustrated from the perspective of field theory.
Table 3 lists the pros and cons for different options of target channel small scale fading.
[bookmark: _Ref157603545]Table 3 Pros and cons for different options of target channel small scale fading.
	
	Pros
	Cons

	Option 1
	1. Can model both LOS and NLOS multipath components of target channel.
2. The computational complexity of channel model and simulation implementation is medium.
3. The 1-by-1 randomly coupling rule has been used in TR 38.901 in terms of coupling of rays within a cluster for both azimuth and elevation.
4. The 1-by-1 randomly coupling rule satisfies the Snell's Law from the perspective of optics.
	1. The accuracy of channel model is needed to be further validated based on measurements.

	Option 2
	1. Can model both LOS and NLOS multipath components of target channel.
2. The one-to-all coupling rule can be illustrated from the perspective of filed theory.
	1. The computational complexity for channel model and simulation implementation is high.
2. The accuracy of channel model is needed to be further validated based on measurements.



What’s more, measurements are needed to validate the options of small scale fading model.
[bookmark: _Ref157766073]Observation 4: Measurements are encouraged to validate which small scale fading option is more consistent with real-world.
Based on the above discussion, we propose the following.
[bookmark: _Ref157770463]Proposal 24: For target channel for both bistatic and monostatic sensing modes, the channel coefficient of Tx-Rx link can be generated based on the following options.
· Option 1: Coupling the LOS ray of Tx-target link and the LOS ray of target-Rx link, 1-by-1 randomly coupling the NLOS clusters of Tx-target link and the NLOS clusters of target-Rx link, and generate channel coefficient for Tx-Rx link based on the concatenated small scale parameters of Tx-Rx link.
· Option 2: Fully coupling the LOS ray and all the NLOS cluster of Tx-target link to the LOS ray and all the NLOS clusters of target-Rx link, and generate channel coefficient for Tx-Rx link based on the concatenated small scale parameters of Tx-Rx link.

5.2. [bookmark: _Ref159244965]Background channel
In ISAC channel model, in addition to target channel, the background channel is considered to model the clutter/scattering/interference of the background. As discussed in section 2.2.1.2, the background channel can be modelled with or without the modelling of EO(s) which has known location and target specific characteristics. If the EO is not modelled, the channel model defined in TR 38.901 can be directly reused as the baseline to generate the background channel for Tx-Rx link. Otherwise, the EOs are randomly generated with its own geometry location and RCS, and the background channel of EOs can reuse the channel model defined for target channel. The location of the EOs can be generated in the initialization of simulation.
Option 1
In Option 1, the small scale parameter of Tx-Rx link for the background channel is generated based on the TR 38.901, e.g., delay, power, angle, etc. The channel coefficient of Tx-Rx link is thus generated based on the corresponding small scale parameters. For sensing use cases, the signal from the background channel is considered as the interference, therefore, the channel generation in TR 38.901 can be reused. That is, the scatters are not explicitly modelled. The overall background channel generation procedure can follow the channel model procedures defined in TR 38.901. Due to the introduction of targets, the signal interacted with background scatters may be slightly different, and thus potential revisions or enhancement can be further investigated to capture the difference. For example, some clusters can be removed from the background channel, if the clusters share similar delay/power/angle parameters as the LOS ray from Tx to target or from target to Rx. The geometry-based stochastic channel model in TR 38.901 cannot be directly used for monostatic since a minimum distance is enforced between BS and UT. Certain changes to the distribution of the small scale parameters need discussion which may require validation campaign.
[bookmark: _Ref163226607]Observation 5: For the background channel for monostatic sensing mode, the current channel model defined in TR 38.901 cannot be used directly to model the background channel in a stochastic way.
Option 2
In Option 2, EOs are generated with its own geometry location and RCS, and the background channel of EOs can reuse the channel model defined for target channel. The EO is deployed when initialization like the sensing targets. After determination of the 3D location of EOs, the background channel can be modelled based on the target channel model. How to define, characterize and drop the EO(s) for different use cases and deployment scenarios needs further study. In a favorite case, the generated channel for EOs can be comparable to a channel generated by TR 38.901.
Based on the above discussion on background channel for bistatic sensing mode, the following proposal is proposed.
[bookmark: _Ref157770466]Proposal 25: For background channel of bistatic sensing mode, the channel coefficient of Tx-Rx link can be generated based on the following options.
· Option 1: The legacy channel model in TR 38.901 can be reused to generate the channel coefficient for Tx-Rx link. FFS monostatic sensing mode.
· Option 2: EOs are generated with its own geometry location and RCS, and generate the channel coefficients in the same way as target channel. The EO is deployed when initialization.
Table 4 lists the pros and cons for different options of background channel small scale fading.
[bookmark: _Ref158057085]Table 4 Pros and cons for different options of background channel small scale fading.
	
	Pros
	Cons

	Option 1
	1. Less complexity.
2. Similarity to the communication channel model.
3. Mostly reuse existing procedures of TR 38.901.
	1. Validation campaign may be needed for monostatic sensing.

	Option 2
	1. Share the design with target channel.
2. More accurate if the EO can be precisely modelled.
	2. Difficulty and complexity on modelling of the EO.



5.3. [bookmark: _Ref159245097]Combined ISAC channel
The ISAC channel can be modelled by combination of target channel and the background channel. The pathloss and shadow fading should be applied on both target channel and the background channel when combining the ISAC channel. The propagation delay due to the total path length should also be considered to capture the absolute time of arrival, and the propagation delay corresponding to the LOS ray is introduced in the channel coefficient calculation. Based on the channel coefficient of target channel and the background channel, the channel coefficient of the ISAC channel can be generated as follows

where  denotes the channel coefficient of ISAC channel,  denotes the channel coefficient of target channel for the  target,  denotes the channel coefficient of background channel,  denotes the number of sensing targets. What’s more, whether a scaling factor should be multiplied on the background channel to adjust the power can be left as an FFS.
[bookmark: _Ref159263065][bookmark: _Ref157770488]Proposal 26: For both target channel and background channel, the propagation time delay corresponding to the LOS ray is considered in the channel coefficient calculation.
[bookmark: _Ref159263069]Proposal 27: The ISAC channel coefficient is modelled by combining the channel coefficients after applying the corresponding large scale fading for target channel and background channel, respectively, and considering the propagation time delay, i.e.,

What’s more, all of Tx, target and/or Rx may move during the sensing operation, which impacts the doppler frequency component in ISAC channel model. Different from the doppler frequency component defined in TR 38.901, the velocity vector of Tx, target, and/or Rx should be considered in ISAC channel model.

6. Spatial consistency
In realistic radio transmission, two channel links are always correlated so long as the two transmitters or the two receivers are spatially close enough to each other, i.e., the in-between distance is smaller than the correlation distance. Besides the large scale parameters based on geometrical topology with inherent correlation, a dedicated characteristic termed spatial consistency has been specified as an additional feature in TR38.901.
Spatial consistency is important for sensing as many targets of interest are mobile, and tracking applications often require continuous sensing for a same target. Compared with communication simulations where only links between TRP and UT are considered, sensing simulations need to consider the spatial consistency including channels from sensing Tx to the target, and channel from the target to the sensing Rx.


[bookmark: _Ref158210309]Fig. 6 Spatial consistency for sensing.
In Fig. 6 different cases that spatial consistency needs to be considered are illustrated. For case (a), the correlation between links from sensing Tx to the target and from the target to the sensing Rx needs to be considered; for case (b), the correlation between links from the same sensing Tx to different target. or from different target to the same Rx needs to be considered; for case (c), the correlation between links from the same target to different sensing Rx needs to be considered; and for case (d), the correlation between links from different Tx to the same target needs to be considered.
[bookmark: _Ref159263074]Proposal 28: The random variables generated for the links from the sensing Tx to the target and the link from the target to the Rx shall be spatially consistent.
The discussion of spatial consistency may highly depend on the discussion of sensing channel model design, including which random variables should be considered for spatial consistency. For example, if only LOS condition is assumed between sensing Tx/Rx and the target, and only LOS ray(s) are considered in small scale fading modelling of target channel, the spatial consistency modelling could be rather simplified. If the small scale fading for target channel is modelled by the concatenation of Tx-target link and target-Rx link, the spatial consistency of random variables, e.g., cluster and ray specific random variables, LOS/NLOS states and indoor/outdoor states, etc. needs to be considered. Therefore, it is preferred to discuss the details of spatial consistency after some basic agreement is made on sensing channel design methodology.
Different sensing modes may also have impact on the set of links among which correlation needs to be considered. For backward compatibility, the spatial consistency introduced for a link between a TRP and a sensing target should be consistent to a link between the same TRP and an adjacent communication UE. It motivates to reuse the existing spatial consistency model (7.6.3 in TR 38.901) to a sensing target and a communication UE in coverage of a same TRP. The following two cases can be considered for sensing.
Case 1: TRP monostatic and TRP bistatic sensing modes
As both the sensing Tx and sensing Rx are TRPs, only the correlation among links between TRP(s) and target(s) needs to be considered. The spatial consistent procedures in the legacy TR 38.901 can be reused by replacing UTs with targets.
[bookmark: _Ref159263078]Proposal 29: Spatially consistent procedures in legacy TR 38.901 can be reused for TRP monostatic and bistatic sensing modes by replacing UTs with targets.
Case 2: UE monostatic, TRP-to-UE or UE-to-TRP bistatic, and UE-to-UE bistatic sensing modes
The legacy TR 38.901 spatial consistency procedures do not consider the spatial consistency of UT-to-UT links, or correlation between BS-UT links and UT-to-UT links. Therefore, new spatial consistency procedures design is needed. 
[bookmark: _Ref159263082]Proposal 30: New spatially consistent procedures are needed for UE monostatic, TRP-to-UE or UE-to-TRP bistatic, and UE-to-UE bistatic sensing modes.

7. Channel calibration
[bookmark: _Hlk159231526]In previous communication channel model, i.e., TR 36.873 and TR 38.901, only SLS is considered for the calibrations. Since TR 38.901 is a starting point for defining channel modelling details for sensing, it is straightforward that only SLS is considered for calibration of ISAC channel model.
[bookmark: _Ref157770495]Proposal 31: Only SLS should be considered for calibration of ISAC channel model.

7.1. General issues in calibration
Large scale calibration and full calibration are basic calibrations for channel model and should be considered for ISAC channel with priority. Besides, spatial consistency is one essential issue for ISAC channel model, which is mentioned in SID. Thus, calibration for spatial consistency should also be considered with priority.
[bookmark: _Ref157770506]Proposal 32: Large scale calibration, full calibration, and spatial consistency calibration should be considered with priority in ISAC channel calibration.
In communication channel model, the link between TRP-UE is modelled. Different from the link in communication channel, six sensing modes are considered in ISAC channel model (i.e., TRP-TRP bistatic, TRP monostatic, TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic, UE monostatic). The calibration may need to consider all 6 sensing modes. Reducing the number of sensing modes for calibration may be further discussed.
For a sensing target with a sensing mode, one or multiple pairs of (sensing Tx, sensing Rx) may be determined for sensing operation which are considered in the calibration of the ISAC channel model. As a superset, for a potential sensing Tx,
· for TRP-TRP bistatic and UE-UE bistatic modes, all other TRPs/other UEs can be considered as potential sensing Rx;
· for TRP-UE bistatic mode, all UEs can be regarded as potential sensing Rx;
· for UE-TRP bistatic mode, all TRPs can be used as potential sensing Rx;
· for TRP monostatic and UE monostatic modes, sensing Rx is same with sensing Tx.
To rank whether a pair of (sensing Tx, sensing Rx) is proper to serve a specific sensing target, the best beam pair for the Tx-target link and the target-Rx link can be selected according to the RP (Received Power) from port 0, which is similar with UT attachment in the calibration of communication channel in TR38.901. Note that for a specific sensing target, only the RP from the target channel corresponding to this target is useful for sensing, and thus shall be considered. Since most of the sensing Tx and Sensing Rx are far away from a specific target, the target specific pathloss is quite large and the useful signal strength received at the Sensing Rx is quite weak. Practically, only a pair of (sensing Tx, sensing Rx) with small target specific pathloss or large target specific RP can be used for sensing operation. Thus, given a specific target, based on the target specific RP related to best beam pair or target specific pathloss for a pair of (sensing Tx, sensing Rx), some restrictions should be considered to limit the pair(s) of (sensing Tx, sensing Rx) considered in the calibration.
[bookmark: _Hlk158049432]For a specific sensing target, given the sensing mode, the pair(s) of (sensing Tx, sensing Rx) considered in the calibration may satisfy one of the options below.
· Option 1: A pair of (sensing Tx, sensing Rx) that has lowest target specific pathloss.
· Option 2: The target specific pathloss of a pair of (sensing Tx, sensing Rx) is below a threshold [X].
· Option 3: A pair of (sensing Tx, sensing Rx) that has highest target specific RP from port 0.
· Option 4: The target specific RP from port 0 of a pair of (sensing Tx, sensing Rx) is over a threshold [Y].
· Option 5: [Z] pair (s) of (sensing Tx, sensing Rx) are considered.
· [Z] smallest target specific pathloss/ [Z] largest target specific RP from port 0.
[bookmark: _Ref159263115][bookmark: _Ref157770513]Proposal 33: For large scale calibration/full calibration/spatial consistency calibration, best beam pair of sensing Tx and sensing Rx for a specific target should be determined based on the RP from port 0.
[bookmark: _Ref159263121]Proposal 34: For a specific sensing target, the pair(s) of (sensing Tx, sensing Rx) considered in the calibration shall be constrained, considering the pathloss or RP from port 0 of the target channel.

7.2. Metrics definitions in calibration
The ISAC channel consists of target channel and background channel. The received signal of the target channel may be much lower than the background channel. That is, the target channel may be overwhelmed by the background channel. To facilitate checking the evaluation results on sensing from different companies, it is essential to directly align the modelling of target channel from different companies. On the other hand, the combined ISAC channel may be used for evaluation of communication performance later, so it is also critical to calibrate the combined ISAC channel.
The metrics considered in TR 38.901 can be considered as a starting point. As the ISAC channel is the combination of target channel and background channel, the channels considered for the metrics should be further clarified.
· For the coupling loss (captured in large scale calibration/full calibration/spatial consistency calibration), CDF of Delay Spread and Angle Spread (captured in full calibration), Cross-correlation coefficient of delay, AOA, LOS-NLOS status, and channel response, CDF of average varying rate of power, delay, and AOA (captured in spatial consistency calibration), the target channel should be considered, and the characteristics of target channel should be effectively captured.
· The definitions of the metrics in TR38.901 can be reused, wherein communication channel between TRP and UE is replaced by the target channel between sensing Tx and sensing Rx.
· For SIR and SINR (captured in large scale calibration/full calibration/spatial consistency calibration), both the target channel and background channel should be considered, and the effects of background channel are captured.
· The rays considered in large scale calibration/full calibration/spatial consistency calibration are as follows when refer to TR 38.901.
· The target channel (based on LOS pathloss) and background channel (based on LOS pathloss) should be considered in S and I in large scale calibration.
· The LOS ray and NLOS rays of target channel and background channel should be considered in S and I in full calibration/spatial consistency calibration.
For the calculation of SIR/SINR for large scale calibration/full calibration/spatial consistency calibration, target channel (for target#1) of a target associated with a pair of (sensing Tx#1, sensing Rx#1) should be considered as signal (S) since it contains target specific information. As for the interference (I), potential interferences consist of , , and , where
·  denotes received signal from target channel(s) of other target(s) associated with same pair of sensing Tx and sensing Rx, i.e., (sensing Tx#1, sensing Rx#1)
·  denotes received signal from background channel of the same pair of sensing Tx and sensing Rx, i.e., (sensing Tx#1, sensing Rx#1)
·  denotes the received signal from other sensing Tx to the same sensing Rx, i.e., (sensing Tx#2, sensing Rx#1), including both target channel (includes target channel of target#1 from sensing Tx#2) and background channel
· FFS: Which sensing Tx shall be considered, potential impact of beam management, and whether larger scale and/or small scale fading shall be considered
It is straightforward that interferences  and  are considered in the calibration. However, whether interference  should be considered in the calibration is FFS.
The details of potential methods for calculations for coupling loss, SIR and SINR in large scale calibration, full calibration and spatial consistency calibration should be further studied.
[bookmark: _Ref157770521][bookmark: _Ref159263126]Proposal 35: Performance metrics for calibration should be determined for sensing, and the metrics in TR 38.901 can be considered as the starting point.
· Large-scale calibration: Coupling loss, SINR, and SIR.
· Full calibration: Coupling loss, SIR, CDF of Delay Spread and Angle Spread.
· Spatial consistency calibration: Coupling loss, SINR, Cross-correlation coefficient of delay/AOA/LOS-NLOS status/channel response, CDF of average varying rate of power/delay/AOA.
[bookmark: _Ref157770537]Proposal 36: The definitions of performance metrics for calibration should be clarified for sensing.
· The target channel should be considered for calibration of coupling loss, CDF of Delay Spread and Angle Spread, Cross-correlation coefficient of delay, AOA/LOS-NLOS status/channel response, CDF of average varying rate of power/delay/AOA.
· The definitions of the metrics in TR38.901 can be reused, wherein communication channel between TRP and UE is replaced by the target channel between sensing Tx and sensing Rx.
· Both the target channel and background channel should be considered for calibration of SIR and SINR.
· Target channel should be considered as signal (S).
· Target channel of other targets and background channel for the same pair of sensing Tx and sensing Rx shall be considered as Interference (I).
· FFS: Whether received signal from other transmitters to the same Rx including both target channel and background channel should be considered as Interference (I).
· The rays considered in large scale calibration/full calibration/spatial consistency calibration are as follows when refer to TR 38.901.
· The target channel (based on LOS pathloss) and background channel (based on LOS pathloss) should be considered in S and I in large scale calibration.
· The LOS ray and NLOS rays of target channel and background channel should be considered in S and I in full calibration/spatial consistency calibration.

8. [bookmark: _Ref162341130]Channel validation
To validate the matching degree of the theoretical mathematic model of the ISAC channel model and the ISAC channel in real-world, channel validation based on real-world measurement and/or ray-tracing is needed for both large scale fading and small scale fading.

8.1. [bookmark: _Ref159244899]Large scale validation
For large scale fading, as discussed in section 4.1.1, the pathloss of target channel can be computed as

Whether the pathloss of target channel is determined by the additive relation between pathloss of Tx-target link and target-Rx link should be validated.

8.1.1. Measurement system setup
To validate the pathloss formula of the target channel, the following measurement campaign is operated in the indoor scenario. The vector signal generator (R&S@SMW200A) is utilized to generate a pseudo noise (PN) sequence with a center frequency of 28 GHz and a bandwidth of 600MHz [8]. The received I/Q data are recorded using a spectrum analyzer (R&S@FSW43) for further extraction of channel parameters. To achieve sufficient system gain, a power amplifier on the transmitter side and a low-noise amplifier on the receiver side are adopted. The transmission power is set to -10 dBm. The measurement settings are shown in Table 5.
[bookmark: _Ref158289426]Table 5 Channel sounder configuration.
	Parameters
	Value/Type

	Carrier frequency
	28 GHz

	Bandwidth
	600 MHz

	Tx antenna type
	Horn Omni

	Rx antenna type
	Omni

	Antenna height
	1.4 m

	Target height
	1.4 m

	Target type
	1m*1m metal plate



8.1.2. Measurement scheme and setting
To validate whether the pathloss of target channel is determined by the additive relation between pathloss of Tx-target link and target-Rx link, the pathloss of Tx-target link, target-Rx link, and the overall Tx-Rx link are measured. The detailed measurement approach is outlined as follows.
(1) Measurement of the Tx-Rx link.
The measurement scenario is an L-shaped corridor located on the 7th floor of a scientific research building in the Beijing University of Posts and Telecommunications (BUPT). The sensing Tx and Rx are respectively positioned on either side of the corridor, with the target (a metal plate) located at the corner of the corridor. The orientation of target is set as 45-degree angle relative to both Tx and Rx, aligning the height of antenna with the center of the metal plate as depicted in Fig. 7. To guarantee as much as possible that only the channel related to the sensing target is obtained, the target is surrounded by the extensive absorbing material. Moreover, a horn antenna, aiming directly at the center of the sensing target, is utilized on the Tx side. In order to receive signals from all directions, an omnidirectional antenna is selected for the Rx side.
[image: ]
[bookmark: _Ref158289564]Fig. 7 The photo of the channel measurements related to the sensing target.
During the measurement, the Tx antenna and the Rx antenna are initially positioned at distances of 4.45 m and 3 m from the target, respectively. In this case, the propagation condition of Tx-target link and target-Rx link are LOS. When maintaining the position of Tx, 15 Rx points are selected as follows. The initial five points at intervals of 0.6 meters, the subsequent three points at 1.2 meters apart, and the final seven points at 3.6 meters intervals. The Tx is randomly determined to be 5.05 m, 9.25 m, and 12.85 m away from the target, including a total of 4 points from the first point. The measurement routes are shown in Fig. 8.


[bookmark: _Ref158289852]Fig. 8 Illustration of the measurement routes for the Tx-Rx link.
(2) Measurement of the Tx-target link.
The area in front of the metal plate is covered with absorbing material to reduce interference from environmental changes. Subsequently, Rx is placed at the original central location of the metal plate, equipped with an omnidirectional antenna, and Tx is equipped with a horn antenna. Similarly, we move the Tx to the same specific positions to conduct the measurements.
(3) Measurement of the target-Rx link.
Unlike the Tx-target link measurements, the Tx is fixed at the position of the metal plate while keeping the position of the Rx the same as during the Tx-Rx link measurements (the initial five at 0.6m intervals, the subsequent three at 1.2m intervals, and the final seven at 3.6m intervals, comprising a total of 15 points). Additionally, the Tx is equipped with an omnidirectional antenna to mimic the dispersion of electromagnetic waves upon striking the target, radiating in all directions. The environment conditions and the configuration of Rx antenna remains consistent.

8.1.3. Measurement results
Regarding a same target, with the Tx and the target being relatively stationary and the distance between them unchanged, the RCS can be assumed as a constant. In this case, the following formula can be used to validate the pathloss.

If  is fixed while  is varied, it is not necessary to concentrate on the precise value of RCS. Rather, the focus should be on computing the difference between the sum of pathloss of the Tx-target link and target-Rx link, and the pathloss of the Tx-Rx link. If the measurement data yield a curve that approximates a slope of nearly zero, this will substantiate the accuracy of the large-scale path loss cascading formula.
As illustrated in Fig. 9, these figures illustrate the curves of the sum of pathloss of the Tx-target link and target-Rx link compared with the difference in pathloss for the Tx-Rx link at Tx points 1, 2, 3, and 4, respectively. The measurement data are represented by red dots, highlighting the disparity between the sum of pathloss of the Tx-target link and target-Rx link, and the Tx-Rx link pathloss at each corresponding Tx and Rx point. A linear function is applied to these scatter points, yielding a red curve with a slope nearly zero. Furthermore, it is noticed that the red scatter points fluctuate with changes in the Rx distance, attributed to the waveguide-like structural influence of corridor [9]. This structure leads to reduced signal attenuation over greater distances, thus introducing fluctuations in the measured pathloss. Therefore, the computed differences manifest a certain level of variability.
[image: ]   [image: ]
(a) Tx point 1                             (b) Tx point 2
[image: ]   [image: ]
(c) Tx point 3                             (d) Tx point 4
[bookmark: _Ref158290253]Fig. 9 The curve of the sum of the pathlosses for the Tx-target link and target-Rx link, compared with the difference in pathloss for the Tx-Rx link, at Tx points 1, 2, 3, and 4.
Based on the measurement results, we have the following observation.
[bookmark: _Ref159262617][bookmark: _Hlk163227570]Observation 6: Based on the measurement results, it is validated that the pathloss of target channel  equals to , where  is determined by the RCS of the target.

8.2. Small scale validation
For small scale fading, the following channel validation can be considered.
The ISAC channel is modelled by combining the target channel and background channel,

Whether the background channel can be modelled directly based on the TR 38.901 is needed to be validated.
In small scale fading of target channel, the target channel is modelled by the concatenation of Tx-target link and target-Rx link. The small scale parameter of Tx-Rx link can also be generated by concatenating the small scale parameters of Tx-target link and target-Rx link. Whether this concatenation model is reasonable may need to be validated.
[bookmark: _Ref157770543]Observation 7: For small scale fading channel validation of target channel, whether the concatenation model is reasonable may need to be validated.
[bookmark: _Ref157770547]Observation 8: For small scale fading channel validation of background channel, whether it can be modelled directly based on the TR 38.901 may need to be validated.

9. Conclusion
In this contribution, we provide the following observations and proposals.
Observation 1: If EO is supported in ISAC channel model, the following issues should be clarified.
· Which object(s) can be considered as EO(s).
· Whether EO is modelled in the same way as target.
· In which criteria the interaction between EO and target should be considered.
Observation 2: If EO is supported in ISAC channel model, only LOS rays of Tx-target-EO-Rx or Tx-EO-target-Rx path needs to be considered in target channel.
· All the NLOS path of Tx-EO link, target-EO link, and EO-Rx link via stochastic clutter, and ray/path between the EO-EO link should not be considered in target channel.
Observation 3: For Option 1 of background channel for monostatic sensing mode, it is difficult to generate pathloss based on the current 3GPP technical reports.
Observation 4: Measurements are encouraged to validate which small scale fading option is more consistent with real-world.
Observation 5: For the background channel for monostatic sensing mode, the current channel model defined in TR 38.901 cannot be used directly to model the background channel in a stochastic way.
Observation 6: Based on the measurement results, it is validated that the pathloss of target channel  equals to , where  is determined by the RCS of the target.
Observation 7: For small scale fading channel validation of target channel, whether the concatenation model is reasonable may need to be validated.
Observation 8: For small scale fading channel validation of background channel, whether it can be modelled directly based on the TR 38.901 may need to be validated.
Proposal 1: The ISAC channel model in Rel-19 can focus on enabling the evaluation for sensing, with consideration on keeping the difference minimized comparing with the existing channel model in TR 38.901 in the evaluation of communication.
Proposal 2: The ISAC channel model is constructed based on the geometry based stochastic channel model in TR 38.901 with explicit model of sensing targets with given locations.
Proposal 3: RAN1 strives to agree on single option in the model of the target channel and the background channel.
Proposal 4: Only the multipath component which may have major impact on the performance of sensing evaluation shall be considered for target channel and background channel modelling.
Proposal 5: For the target channel of ISAC channel model, support to model both the LOS ray and NLOS paths in Tx-target link and target-Rx link.
· The NLOS paths in Tx-target link and target-Rx link are modelled by stochastic clutter.
Proposal 6: For the background channel of ISAC channel model, support to model the background channel by clutter (TR 38.901) or introducing EO.
Proposal 7: The interaction among multiple targets is not explicitly modelled, and the overall target channel is divided into multiple target channel, each of which corresponds to a single target

Proposal 8: The ISAC channel model for SLS is prioritized. The ISAC channel model for LLS can be generated based on some simplifications on ISAC channel model for SLS, e.g., fixing some parameters in the ISAC channel model for SLS.
Proposal 9:
· Companies are encouraged to submit a proposal for ISAC channel model together with validation results.
· Up to each company to select the option for validation, and report in the validation results.
· Option 1: Experimental results only.
· Option 2: Experimental results to validate a ray-tracing model, then the ray-tracing based results are used to validate the ISAC channel model.
Proposal 10: A target can be modelled with single point as the baseline assumption for at least some use cases of object detection and tracking. FFS multiple points for a target.
Proposal 11: For RCS model of target, the following options can be considered as the starting point.
· Option 1: Constant RCS model with fixed value.
· Option 2: Statistical RCS model with pre-defined probability density function.
· How to model the impact of angle on the top of constant RCS or statistical RCS can be left as an FFS.
Proposal 12: For target channel for both bistatic and monostatic sensing modes, the pathloss model should consider the power impact of both Tx-target link and target-Rx link with consideration of the impact of antenna aperture and RCS of target, and the pathloss can be generated as
.
Proposal 13: For target channel,  can be assumed due to channel reciprocity for monostatic sensing mode while  and  can be generated independently for bistatic sensing mode.
Proposal 14: For target channel for both bistatic and monostatic sensing modes, the  and  can reuse the pathloss formulas defined in 3GPP technical reports, e.g.,
· TR 38.901 if the scenario is UMi, UMa, RMa, InH, or InF,
· TR 36.777 if the scenario is UAV,
· TR 37.885 if the scenario is V2X.
· FFS: How to consider the impact of target height on  and .
Proposal 15: Regarding LOS probability of target channel,
· for monostatic sensing mode, LOS/NLOS conditions of Tx-target link and target-Rx link can be assumed to be the same  thanks to the channel reciprocity;
· for bistatic sensing mode, the LOS/NLOS conditions of Tx-target link and target-Rx link should be generated separately using  and .
Proposal 16: For target channel for both bistatic and monostatic sensing modes, the LOS probability of Tx-target link and target-Rx link can reuse the LOS probability formulas defined in 3GPP technical reports, e.g.,
· TR 38.901 if the scenario is UMi, UMa, RMa, InH, or InF,
· TR 36.777 if the scenario is UAV,
· TR 37.885 if the scenario is V2X.
· FFS: How to consider the impact of target height on LOS probability.
Proposal 17: For Option 1 of background channel, for bistatic sensing mode, the pathloss calculation formulas in existing 3GPP TRs can be reused; for monostatic sensing mode, how to generate the pathloss need to be further studied.
Proposal 18: For Option 2 of background channel, for both bistatic and monostatic sensing modes, the pathloss of EO can be calculated based on the pathloss formulas defined for target channel.
Proposal 19: There is no need to consider LOS probability for monostatic sensing background channel.
Proposal 20: For Option 1 of background channel for bistatic sensing mode, the LOS probability calculation in existing 3GPP TRs can be reused.
Proposal 21: For Option 2 of background channel for bistatic sensing modes, the LOS probability of EO can be generated based on the LOS probability formulas defined for target channel.
Proposal 22: For both bistatic and monostatic sensing modes, the target channel can be modelled by the concatenation of Tx-target link and target-Rx link.
Proposal 23: For target channel, the step 4-9 in TR 38.901 can be reused to generate clusters and rays for the Tx-target link and target-Rx link.
Proposal 24: For target channel for both bistatic and monostatic sensing modes, the channel coefficient of Tx-Rx link can be generated based on the following options.
· Option 1: Coupling the LOS ray of Tx-target link and the LOS ray of target-Rx link, 1-by-1 randomly coupling the NLOS clusters of Tx-target link and the NLOS clusters of target-Rx link, and generate channel coefficient for Tx-Rx link based on the concatenated small scale parameters of Tx-Rx link.
· Option 2: Fully coupling the LOS ray and all the NLOS cluster of Tx-target link to the LOS ray and all the NLOS clusters of target-Rx link, and generate channel coefficient for Tx-Rx link based on the concatenated small scale parameters of Tx-Rx link.
Proposal 25: For background channel of bistatic sensing mode, the channel coefficient of Tx-Rx link can be generated based on the following options.
· Option 1: The legacy channel model in TR 38.901 can be reused to generate the channel coefficient for Tx-Rx link. FFS monostatic sensing mode.
· Option 2: EOs are generated with its own geometry location and RCS, and generate the channel coefficients in the same way as target channel. The EO is deployed when initialization.
Proposal 26: For both target channel and background channel, the propagation time delay corresponding to the LOS ray is considered in the channel coefficient calculation.
Proposal 27: The ISAC channel coefficient is modelled by combining the channel coefficients after applying the corresponding large scale fading for target channel and background channel, respectively, and considering the propagation time delay, i.e.,

Proposal 28: The random variables generated for the links from the sensing Tx to the target and the link from the target to the Rx shall be spatially consistent.
Proposal 29: Spatially consistent procedures in legacy TR 38.901 can be reused for TRP monostatic and bistatic sensing modes by replacing UTs with targets.
Proposal 30: New spatially consistent procedures are needed for UE monostatic, TRP-to-UE or UE-to-TRP bistatic, and UE-to-UE bistatic sensing modes.
Proposal 31: Only SLS should be considered for calibration of ISAC channel model.
Proposal 32: Large scale calibration, full calibration, and spatial consistency calibration should be considered with priority in ISAC channel calibration.
Proposal 33: For large scale calibration/full calibration/spatial consistency calibration, best beam pair of sensing Tx and sensing Rx for a specific target should be determined based on the RP from port 0.
Proposal 34: For a specific sensing target, the pair(s) of (sensing Tx, sensing Rx) considered in the calibration shall be constrained, considering the pathloss or RP from port 0 of the target channel.
Proposal 35: Performance metrics for calibration should be determined for sensing, and the metrics in TR 38.901 can be considered as the starting point.
· Large-scale calibration: Coupling loss, SINR, and SIR.
· Full calibration: Coupling loss, SIR, CDF of Delay Spread and Angle Spread.
· Spatial consistency calibration: Coupling loss, SINR, Cross-correlation coefficient of delay/AOA/LOS-NLOS status/channel response, CDF of average varying rate of power/delay/AOA.
Proposal 36: The definitions of performance metrics for calibration should be clarified for sensing.
· The target channel should be considered for calibration of coupling loss, CDF of Delay Spread and Angle Spread, Cross-correlation coefficient of delay, AOA/LOS-NLOS status/channel response, CDF of average varying rate of power/delay/AOA.
· The definitions of the metrics in TR38.901 can be reused, wherein communication channel between TRP and UE is replaced by the target channel between sensing Tx and sensing Rx.
· Both the target channel and background channel should be considered for calibration of SIR and SINR.
· Target channel should be considered as signal (S).
· Target channel of other targets and background channel for the same pair of sensing Tx and sensing Rx shall be considered as Interference (I).
· FFS: Whether received signal from other transmitters to the same Rx including both target channel and background channel should be considered as Interference (I).
· The rays considered in large scale calibration/full calibration/spatial consistency calibration are as follows when refer to TR 38.901.
· The target channel (based on LOS pathloss) and background channel (based on LOS pathloss) should be considered in S and I in large scale calibration.
· The LOS ray and NLOS rays of target channel and background channel should be considered in S and I in full calibration/spatial consistency calibration.
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