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Introduction

A new study item on channel modeling for integrated sensing and communication was agreed in RAN#102 [1].
The study focuses on defining a common channel modeling framework to enable wireless sensing in 5G-advanced. The study item aims to support object detection and tracking use cases defined in SA1 [2], [3]. For those use cases, the following objectives are identified for this study:

· 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:
a) modelling of sensing targets and background environment, including, for example (if needed by the above use cases), radar cross-section (RCS), mobility and clutter/scattering patterns;
b) spatial consistency.

In this contribution, we discuss the channel modelling framework for enabling ISAC and subsequently the modifications needed in the 3GPP channel model. 

Methodologies and General Framework

One important aspect to consider when developing the channel model for integrated sensing and communication, is that both communications channels and sensing channels need to be modeled. The channel model used needs to maintain the joint communication and sensing nature and should allow to capture the impact of sensing on communication KPIs such as coverage and throughput and quality of user experience. 

Proposal 1: The ISAC channel model maintains the integrated nature of sensing and communication. The ISAC channel model, when used, should have no detrimental effect on the evaluation of communication KPIs.

To model the channels generated by the sensing target and the sensing environment, modifications are needed to the 3GPP channel model in TR38.901 [5]. These modifications affect both the geometry-based stochastic channel model used for SLS simulations, as well as the CDL channels used for LLS simulators. 
Proposal 2: For channel modelling for ISAC, the ISAC channel model for system level simulation and the ISAC channel model for link level simulation are considered.

For some of the use cases for integrated sensing and communication, i.e. indoor object detection and immersive applications, accurate (deterministic) modelling of the target and the environment surrounding the target is needed. Modifications to the channel model can thus also include, in addition to the SCM, modifications to the map-based hybrid channel model to include sensing targets and sensing environment channels. The MAP-based hybrid channel model in TR38.901 has not, however, been properly calibrated amongst the companies, and thus more evaluations and resources are needed to calibrate and modify the MAP-based hybrid channel model.

Proposal 3: For channel modelling for ISAC, consider including modifications to the map-based hybrid channel model, as a second priority.

For ISAC channel modelling, the modified channel model in TR 38.901 [5] can still follow the step wise procedure detailed in section 7 with modifications to include target 3D location and RCS modelling, target mobility in addition to the transmitter and receiver mobility, and spatial consistency. 
The current 3GPP channel model supports spatial consistency when the devices are located within a correlation distance from each other, expecting to see similar channel conditions, and when the devices are mobile, accounting for smoother variations in the channel resulting from variations in the UE positions. For sensing, spatial consistency becomes even more important, and should be included as an integral (non-optional) part of the channel model procedure. When the sensing receiver and the sensing target are located close to each other, or when the multiple sensing devices are located close to each other in the case of multi-static sensing, it is important for the channels to be spatially consistent to ensure good sensing performance. Furthermore, when the target is mobile, and moves within a given area, the channel variations should reflect smooth variations resulting from the target mobility. Spatial consistency for both LSPs and SSPs is thus important to be included in the channel model for ISAC.
Proposal 4: For ISAC channel modelling, include the spatial consistency procedure for the sensing devices and the sensing target. 

The modifications to the channel model will need to also consider the sensing topology or sensing modes and the framework used for generating the sensing channel should be applicable to both monostatic and bistatic sensing. Depending on the methodology used to generate the sensing channel, in every step used to generate the channel – NLoS/LoS determination, Pathloss calculation, LSPs, cluster powers and delays, considerations on whether the sensing is monostatic or bistatic should be applied. For large scale parameters, for example, the angle of arrival and angle of departure for monostatic sensing can be considered the same, while this is not the case for bistatic sensing. 

Proposal 5: For ISAC, the modifications to the channel model consider both monostatic and bistatic sensing, with considerations given to each of the sensing modes when generating the channels. 

Target Channel
In RAN1#116 [4], the following agreement was reached regarding the modeling of the ISAC channel:

Agreement
The common framework for ISAC channel model is composed of a component of target channel and a component of background channel, 

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


In radar applications, the target is usually assumed in line of sight (LoS) of the sensing transmitter and receiver. This, however, does not necessarily carry to integrated sensing and communication systems. In fact, one of the advantages of using ISAC over other sensing technologies, is to be able to make use of the NLoS channel conditions and still be able to sense the target. Hence to evaluate system performance for ISAC, it is important to model the LoS/NLoS state determination in the sensing target generated channel. 
Proposal 6: For the ISAC channel model, both LoS and NLoS multipaths between the sensing Tx and the sensing Rx and the target are modeled.

The LoS/NLoS probabilities used to compute the LoS/NLoS probabilities for the communication channel link can potentially be used to model the LoS state of the sensing target channels.
Proposal 7: The LoS probability for the Tx-target and target-Rx links are determined based on the existing LoS probability in 3GPP TR 38.901
· For monostatic sensing, the LoS probability is the same for Tx-target and target-Rx links

For the target channel, to model the target itself, there presents a need to model the target explicitly in a deterministic manner, rather than assigning it a random cluster with a given power. For the sensing target, it is important to capture the dependency between the angle of departure and angle of arrival for the multipath components, which is not currently modeled in the communication links clusters generation. For the ISAC channel modelling, we thus propose to define the location, velocity, direction and physical properties of target, and its corresponding RCS distribution, and subsequently, using the deterministic target modelling to generate the small-scale parameters of the target sensing channel.
Proposal 8: For ISAC channel modelling, for the target generated channel, deterministic target modelling is used based on the location, scattering properties, and velocity of the target to generate the small-scale parameters and corresponding small scale fading channels.

For the target channel, it is further important to decide whether to include only a direct path from the Tx to the target or the target to the Rx, or to also include NLoS multipath on the Tx-target and Rx-target links from environment objects and/or background. We think it is useful to include additional multipath, in addition to the direct path, as long as the modelling of the additional multipath is not too complex. One way forward is to model NLoS multipath from Tx-target and target-Rx, in addition to the LoS ray, but only model the direct link between the Tx and the environment objects and the environment objects and the Rx. 
Proposal 9: For ISAC channel modelling, both LoS ray and NLoS multipaths are modelled in the Tx-target and target-Rx link
· For the environment objects, only model direct paths between the Tx and environment object, and environment object and Rx.


Figure 1 shows proposed modifications to the channel model step wise procedure in section 7.5 including large scale and small-scale fading and target RCS modeling.



Figure 1: Step wise generation procedure of the 3GPP channel model with ISAC related modifications
Set 3D location of targets and corresponding RCS parameters
Determine LoS/NLoS for Tx-target/target-Rx channel
Calculate pathloss for sensing channel based on RCS and LoS/NLoS state
Model spatial consistency
Generate LSPs for sensing target
Generate delays for the target and assign one or more clusters for the environment channel
Generate cluster and target powers
Generate arrival and departure angles for the targets 
Generate XPRs for target channel










Target Modelling

In radar technology, radar cross section (RCS) is used to quantify the scattering behavior of the target. The RCS is a function of the target viewing angle relative to the transmitter and receiver antenna and of the frequency and polarization of the incident electromagnetic wave. The RCS is a measure of how much of the incident wave is intercepted by and reflected from the target, as well as how much of that is directed towards the radar receiver. The RCS depends on the size and shape of the target, and the materials from which the target is made on the outer surface.  
RCS is expected to similarly be used to quantify the scattering behavior of the target in the ISAC channel model. For the use cases considered for the ISAC channel model, quantifying the RCS of the vehicles is different from that of the UAV or the pedestrian. For smart transportation, a large vehicle’s RCS is different from a small vehicle’s RCS. 
There are different proposals to quantify the RCS, ranging in complexity. The simplest option is to model the RCS as a fixed value depending on the type of the target and use the fixed value in the subsequent channel model pathloss and small-scale fading calculations. The second option is a statistical modelling of the RCS, whereas the RCS is assumed a random variable with a given distribution, accounting for the range of the values that the RCS of the target can take depending on the target viewing or bistatic angle as well as the heading angle, without the complexity of modeling this angle dependency explicitly. Some example distributions used to model the target include Rayleigh, Chi-square or log-normal distribution with a given mean and standard deviation that is dependent on the shape and material of the target and its location with respect to the sensing devices. The third option is to quantify the RCS explicitly as a function of the viewing angles to the transmitting and receiving sensing devices, considering the particularities of the shape and the material of the target, by considering for example, the shape of the target as a combination of simpler shapes with multiple points of reflections. One can then isolate the different sensing regions: monostatic, bistatic and forward scattering, and quantify the RCS values as a function of the angles. This last option, albeit being the most accurate, is also the most complex. 

For the ISAC channel modelling, we propose that the RCS modelling should balance accuracy and complexity. For some of the objects for the use cases considered, and for the scenarios where these objects are sufficiently far from the sensing Tx and the sensing Rx, a single point scatter model is sufficient to model the target. For other use cases, with large target objects, or with smaller distance between the Tx and the Rx, we may optionally consider multiple point scatter model for target modelling.
Proposal 10: For the ISAC channel model, modelling RCS should balance complexity and accuracy.

Proposal 11: For the ISAC channel model, a sensing target is modelled as a single point scatter
· Multiple point scatter model can optionally be considered.


Based on our measurements campaign for a large vehicle target and a pedestrian target, a conservative, statistical modelling of the RCS, should be sufficient for the 3GPP TR 38.901 [5] channel model modifications, for object detection and tracking. 
The RCS can then be modeled using a statistical model, e.g. log normal distribution, with parameters that vary with the type of the sensing target, its shape, material, and the sensing mode (bi-static/mono-static). 
Proposal 12: Use a statistical model for the RCS, e.g., log normal distribution, with parameters that vary with the type of sensing target.

Using the statistical model of the RCS, for the step wise procedure of the 3GPP channel model, the target 3D location and RCS properties can be set in step 1, and the RCS distribution can be used in step 3 to calculate the pathloss, as part of large-scale fading. 
Proposal 13: For the ISAC channel mode, the RCS value is modeled in large scale fading
	FFS: if additionally, RCS is modeled in small scale fading as a function of angle per ray.


Experimental Validation
Outdoor experiments were conducted at ATT’s Spectrum Drive facility using a gNB (, a mobile UE (), and two targets: (i) a Ford Transit (Target 1) consumer vehicle and (ii) a pedestrian (Target 2). A 400 MHz OFDM (120 kHz SCS) signal at  was transmitted at +40 dBm EIRP to illuminate all targets on test track. UE was stationary at a fix location while targets were moved around the UE in a predetermined track. The position of gNB, UE and all targets were precisely tracked and time-synchronized for the duration of the experiments using a GPS with 1 cm resolution.

Figure 2 shows the trajectories of target 1(green) and Target 2 (yellow) for each of the two UE positions. For these experiments, a vertically-polarized standard horn with 3dB-BW of 60 in azimuth and elevation antennas was used at gNB which was oriented southward (North is up) . Complex channel impulse responses were measured and were recorded every 1ms . The target scattered power was then evaluated based on our model of the target scattered channel.
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[bookmark: _Ref158967642]Figure 2. Vehicle and pedestrian track for UE position 1 (left) and UE Position 2 (right). Vehicle track is shown in green and pedestrian track is shown in yellow.
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Figure 3: Target scattering model geometry
Here, we model target pathloss  using the following equation.


Where  is dBm2 and  is the wavelength in m. In our model,  and  are based on free space pathloss (FSPL) as a function of d1 and d2. For monostatic sensing, d1 = d2   . Here, we assume UE is within LOS of target. This was enforced during the measurement campaign.
As is well known in radar community, measured RCS  has significant variation vs. bistatic angle  and heading angle . Figure 4 shows how measured RCS varies for target 1 in the pseudo-monostatic (small ) region vs. heading angle  for bistatic based sensing. In general, variations in RCS are highly dependent on target composition and shape. In this case, the box-like structure of the Ford Transit leads to peaks at multiples of 90. 
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Figure 4. Heading angle dependence of RCS for vehicular target in pseudo-monostatic (small ) region. Bright scattering (high RCS) is observed when planar surfaces of vehicle (front, side, rear) are oriented perpendicular TRX pointing direction. Rear of vehicle has more coplanar area than front, resulting in higher RCS for  vs .
Figure 5 depicts how the measured RCS varies as a function of the heading angle in mono-static based sensing for targets 1 and 2, respectively. 
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Figure 5: heading angle dependence of RCS for (a) vehicular target (b) pedestrian target for mono-static sensing
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Figure 6: RCS dependence on bistatic angle for (a) vehicular target, (b) pedestrian target. 



Figure 6 shows a snapshot of the RCS for bistatic sensing measurements as a function of bistatic angle for targets 1 and 2, respectively. The difference between the nature and the shape of the target between the vehicle and the pedestrian is noticeable in the distribution of the RCS with respect to the bistatic angle.

To simplify the model, we propose to model  as a random variable with conservative values (taken from bistatic region of ). Additional measurements may be necessary to further refine this model.
Using the model described above, we fit  to a lognormal random variable with parameters shown in Table 1 for bistatic sensing, and Table 2 for monostatic sensing. Figure 7 shows a good fit to measured data that is less optimistic in pseudo monostatic region (large sqrt(d1d2)). 

Table 1: Lognormal parameters for two target classes based on measurement data for bistatic sensing
	Target class
	 (dBsm)
	 (dBsm)

	Passenger car
	-0.1
	6.1

	Pedestrian
	-14.4
	6.7








Table 2: Lognormal parameters for two target classes based on measurement data for monostatic sensing
	Target class
	 (dBsm)
	 (dBsm)

	Passenger car
	7.7
	8.4

	Pedestrian
	-6.2
	10.0
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[bookmark: _Ref158987925][bookmark: _Ref158987919]Figure 7. Measured pathloss components of total pathloss  and target-scattered pathloss  as a function of geometric mean distance. Simulated target-scattered pathloss  is shown in green.




Conclusion
In this contribution, we discussed the general framework and methodology for developing an ISAC channel model. We made the following proposals:
Proposal 1: The ISAC channel model maintains the integrated nature of sensing and communication. The ISAC channel model, when used, should have no detrimental effect on the evaluation of communication KPIs.
Proposal 2: For channel modelling for ISAC, the ISAC channel model for system level simulation and the ISAC channel model for link level simulation are considered.
Proposal 3: For channel modelling for ISAC, consider including modifications to the map-based hybrid channel model, as a second priority.
Proposal 4: For ISAC channel modelling, include the spatial consistency procedure for the sensing devices and the sensing target 
Proposal 5: For ISAC, the modifications to the channel model consider both monostatic and bistatic sensing, with considerations given to each of the sensing modes when generating the channels. 
Proposal 6: For the ISAC channel model, both LoS and NLoS multipaths between the sensing Tx and the sensing Rx and the target are modeled.
Proposal 7: The LoS probability for the Tx-target and target-Rx links are determined based on the existing LoS probability in 3GPP TR 38.901
· For monostatic sensing, the LoS probability is the same for Tx-target and target-Rx links

Proposal 8: For ISAC channel modelling, for the target generated channel, deterministic target modelling is used based on the location, scattering properties, and velocity of the target to generate the small-scale parameters and corresponding small scale fading channels.

Proposal 9: For ISAC channel modelling, both LoS ray and NLoS multipaths are modelled in the Tx-target and target-Rx link
· For the environment objects, only model direct paths between the Tx and environment object, and environment object and Rx.

Proposal 10: For the ISAC channel model, modelling RCS should balance complexity and accuracy.

Proposal 11: For the ISAC channel model, a sensing target is modelled as a single point scatter
· Multiple point scatter model can optionally be considered.

Proposal 12: Use a statistical model for the RCS, e.g., log normal distribution, with parameters that vary with the type of sensing target.

Proposal 13: For the ISAC channel mode, the RCS value is modeled in large scale fading
	FFS: if additionally, RCS is modeled in small scale fading as a function of angle per ray.
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