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1	Introduction
The approval of the Rel-19 work package marks the next wave of 5G Advanced evolution [1]. The package includes a study item on channel modelling enhancements for 7-24GHz for NR, and the study item description can be found in [2].
The study item on channel modelling enhancements for 7-24GHz for NR consists of two main objectives:
· Validate using measurements the channel model of TR38.901 at least for 7-24 GHz
· Note: Only stochastic channel model is considered for the validation.
· Note: The validation may consider all existing scenarios: UMi-street canyon, UMa, Indoor-Office, RMa and Indoor-Factory.

· Adapt/extend as necessary the channel model of TR38.901 at least for 7-24 GHz, including at least the following aspects for applicable scenarios: 
· Near-field propagation (with consideration being given to consistency between near-field and far-field)
· Spatial non-stationarity
At previous RAN1 meeting, initial agreements on channel modelling were agreed (see Appendix). 
In this contribution, we discuss channel modelling validation of TR 38.901 for 7-24 GHz.
2	Key considerations
The physics of electromagnetic (EM) wave propagation is characterized by Maxwell’s equations. Solving Maxwell’s equations requires accurate knowledge of the boundary conditions at interfaces between different materials, as well as the EM properties of these materials, which can be challenging to characterize accurately. To address specific aspects of wireless propagation without solving the full set of Maxwell's equations, stochastic channel models and ray tracing are both techniques used in the field of wireless communication to model and simulate the behaviour of radio waves. 
Stochastic channel models take a statistical and probabilistic approach. They use statistical processes to model the random variations and uncertainties in the wireless channel. While stochastic channel models may capture statistical properties, they do not represent the precise geometric details of the environment or specific signal paths, leading to a lack of physical consistency and site-specificity.
The shortcomings of the 3GPP stochastic channel models are discussed in [3]–[8]. Take ISAC as an example. The 3GPP stochastic channel models do not address target modelling and sensing, background environment modelling and differentiation from targets. To support ISAC study, it is critical to model sensing targets and background environment, including radar cross-section, mobility, clutter and scattering patterns. Furthermore, the modelling must be spatially consistent, which is lacking in the stochastic channel models. 
Take reconfigurable intelligent surface (RIS) as another example. Since RIS alters its reflected radio signal characteristics, the effects need to be captured by the modelling of wireless propagation. But the 3GPP stochastic channel models do not support the modelling of such effects. 
As another example, larger antenna arrays are expected to be used in the new spectrum such as 7-24 GHz and sub-THz bands, calling for additional considerations such as near-field effects of the channel, spatial consistency between a device and different radio units, different channel blockers (e.g., doors, wall, windows, foliage, concrete, and cars), spherical wave propagation, and spatial non-stationary effects of the channel. However, stochastic channel models often assume spatial stationarity. Furthermore, the use of new 7-24 GHz spectrum requires channel modelling consistency across different frequencies, which is yet to be validated in the current 3GPP stochastic channel models. 
Last but not least, artificial intelligence (AI)/machine learning (ML) is becoming an essential feature of 5G-Advanced toward 6G. Using data generated by stochastic channel models to train and test AI/ML models will lead to overly optimistic assessment of the models and result in failure of the AI/ML models when deployed in real networks.
In short, wireless networks are becoming increasingly heterogeneous, encompassing different inter-site distances, antenna array dimensions and makeup, radiated powers, frequency bands, to name a few. Correspondingly, the wireless channel modelling needs to provide consistency and, above all, a correct representation of the frequency, spatial, and temporal correlation across base stations and devices. Achieving this without a propagation model grounded on the underlying physics of the scattering phenomena is simply unnatural, prone to modelling error and possibly a huge waste of effort for the industry. These considerations call for deterministic, physics-based modelling for wireless propagation, especially ray tracing.
Ray tracing is a rendering and simulation technique used in computer graphics, optics, and other fields to simulate the way rays of light or other radiation travel through a virtual environment. In the context of wireless communication and radio wave propagation, ray tracing is often employed to model and simulate the paths that EM waves take as they propagate through various materials and interact with surfaces and obstacles [9]. It provides a deterministic and physics-based modelling approach that simulates the paths of individual rays of EM waves, considering reflections, refractions, diffractions, and other interactions with objects and surfaces. It offers high-resolution simulations, capturing the specific paths of rays and the effects of the surrounding environment, making it valuable for site-specific planning, antenna design, and network optimization in the field of wireless communication.
Ray tracing is becoming an essential tool for studying, evaluating, and developing key technologies in 5G-Advanced toward 6G, including ISAC, RIS, larger antenna arrays in new spectrum such as 7-24 GHz and sub-THz bands, AI/ML, to name a few.
[bookmark: _Hlk157614621]It is worth noting that there is a new Task Group about WLAN sensing within the IEEE 802.11 working group, i.e., Task Group IEEE 802.11bf. This task group has embraced ray tracing based channel model for WiFi sensing [10].
Observation 1: Wireless channel modelling needs to provide consistency and, above all, a correct representation of the frequency, spatial, and temporal correlation across base stations, devices, and objects in the environment.
Observation 2: Deterministic, physics-based modelling for wireless propagation, especially ray tracing, are essential for studying, evaluating, and developing key technologies in 5G-Advanced toward 6G, including ISAC, RIS, larger antenna arrays in new spectrum such as 7-24 GHz and sub-THz bands, AI/ML, etc.
[bookmark: _Hlk157614714]Observation 3: Task Group IEEE 802.11bf has embraced ray tracing based channel model for WiFi sensing.
3	Channel model validation with ray tracing 
3.1	Advantages of ray tracing based validation 
Using ray tracing simulations to validate channel models offers several advantages over field measurements:
· Cost-Effectiveness: Conducting field measurements can be expensive and time-consuming due to the need for specialized equipment, site access permissions, and manpower. In contrast, ray tracing simulations are relatively inexpensive once the necessary software and computing resources are available.

· Controlled Environment: Ray tracing simulations allow for precise control over the propagation environment, including the geometry, materials, and transmitter-receiver configurations. This enables researchers and engineers to systematically study the impact of different factors on signal propagation without being constrained by real-world limitations.

· Repeatability: Ray tracing simulations can be easily repeated with different parameters or scenarios to explore various propagation conditions. This level of repeatability is challenging to achieve with field measurements, where environmental conditions can vary significantly between measurements.

· Flexibility: Ray tracing simulations can model a wide range of scenarios, including environments that are difficult or hazardous to access in real life, such as underground tunnels or hazardous industrial sites. This flexibility allows researchers and engineers to study propagation characteristics in diverse scenarios without the constraints of physical access.
Overall, while field measurements remain essential for validating channel models in real-world environments, ray tracing simulations offer a valuable complement by providing cost-effective, controlled, and flexible tools for studying signal propagation characteristics in diverse scenarios.
Observation 4: Ray tracing simulations offer a valuable complement by providing cost-effective, controlled, and flexible tools for studying signal propagation characteristics in diverse scenarios.
Proposal 1: Complement field measurements with ray tracing simulations to validate the channel model of TR38.901 at least for 7-24 GHz.

3.2	Methodology of ray tracing based validation 
Figure 1 illustrates the procedure of using ray tracing simulation to validate 3GPP TR 38.901 stochastic channel model.
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Figure 1: Methodology of using ray tracing simulation to validate 3GPP TR 38.901 stochastic channel model.
Pre-validation: 
In order to use ray tracing simulations to validate 3GPP TR 38.901 stochastic channel model, the ray tracing tool itself needs to be calibrated with measurement data. 
Specifically, empirical measurement data in the same environment and under similar conditions as the simulated scenario is collected. This data may include received signal strength measurements, channel impulse responses, and angle-of-arrival measurements. The measurement data should be processed to ensure compatibility with the simulated propagation metrics. Then the ray tracing simulated propagation characteristics can be compared with the measured data using statistical analysis techniques such as histograms, scatter plots, or cumulative distribution functions. The level of agreement between the simulated and measured data can be quantified using validation metrics such as root mean squared error (RMSE).
Use ray tracing to validate channel model
The first step is to set up the ray tracing scenario. The definition of the geometry of the environment includes buildings, walls, terrain, and other obstacles to ensure that the model accurately represents the real-world scenario being studied. Also, the properties of the materials comprising the environment such as reflectivity, absorption, and diffusivity need to be specified. The scenario setup also includes the transmitter and receiver locations, as well as their antenna characteristics, including antenna gain patterns and polarization.
The next step is ray tracing simulation execution. Specifically, ray tracing algorithms are applied to simulate the propagation of electromagnetic waves in the defined environment. The rays are emitted from the transmitters and their paths are traced as they propagate through the environment, considering reflection, diffraction, and refraction at each obstacle encountered. Then the path loss, delay spread, angular spread, and other propagation metrics for each ray path can be calculated.
Once ray tracing simulation is completed, the output is synthesized. This includes extraction of relevant propagation metrics from the simulation output, such as received signal strength, time delay of arrivals, angles of arrival, and departure. The data can be aggregated to obtain statistical distributions of these metrics over multiple simulation runs. When analyzing the data, it should be checked that the simulated propagation characteristics are within the expected range based on the assumptions and parameters of the channel model being validated.
The next step is to compare ray tracing output with the output of 3GPP TR 38.901 stochastic channel model. Validation metrics to quantitatively assess the performance of the channel model need to be defined for the comparison, such as accuracy, precision, or robustness. The validation metrics are calculated based on the comparison between simulated and measured data. The results are used to evaluate whether the output of 3GPP TR 38.901 stochastic channel model matches the output of ray tracing. 
Iterative refinement may be needed in the validation process. The 3GPP TR 38.901 stochastic channel model may be refined based on the validation results and insights gained from the comparison with ray tracing data. In the refinement, any necessary adjustments or enhancements to improve the accuracy and reliability of the 3GPP TR 38.901 stochastic channel model can be incorporated. Then the refined model can be validated using the same process iteratively until satisfactory agreement between the output of 3GPP TR 38.901 stochastic channel model and the output of ray tracing. 
By following these detailed steps, ray tracing can be effectively used to validate the 3GPP TR 38.901 stochastic channel model and ensure the model’s accuracy and reliability for 3GPP performance evaluation.
Proposal 2: Consider the methodology illustrated in Figure 2 to use ray tracing simulations to validate the 3GPP TR 38.901 stochastic channel model.
In particular, ITU-R has recommended a specific method that can be used to derive the parameters for the MIMO channel model based on ray tracing [11]:
· To derive the statistical parameters of the Rayleigh distribution for a given morphology, the use of available GIS database is recommended. 
· For the horizontal positions of buildings, it can be assumed to be uniformly distributed.
· The wave-propagation calculation is performed for each realization of building distribution using the ray tracing method.
· To obtain the model parameters, simulations should be performed for enough number of realizations for each morphology. 
· For each realization, enough number of receivers should be put in the calculation region, in order to obtain statistically meaningful data.
Proposal 3: Consider the statistical modelling method with ray tracing in Recommendation ITU-R P.1411-12 as a starting point to produce simulation results for validating/updating the channel model. 
Conclusion
In the previous sections, we discuss general aspects of AI/ML framework for NR air interface and make the following observations:
Observation 1: Wireless channel modelling needs to provide consistency and, above all, a correct representation of the frequency, spatial, and temporal correlation across base stations, devices, and objects in the environment.
Observation 2: Deterministic, physics-based modelling for wireless propagation, especially ray tracing, are essential for studying, evaluating, and developing key technologies in 5G-Advanced toward 6G, including ISAC, RIS, larger antenna arrays in new spectrum such as 7-24 GHz and sub-THz bands, AI/ML, etc.
Observation 3: Task Group IEEE 802.11bf has embraced ray tracing based channel model for WiFi sensing.
Observation 4: Ray tracing simulations offer a valuable complement by providing cost-effective, controlled, and flexible tools for studying signal propagation characteristics in diverse scenarios.
Based on the discussion in the previous sections we propose the following:
Proposal 1: Complement field measurements with ray tracing simulations to validate the channel model of TR38.901 at least for 7-24 GHz.
Proposal 2: Consider the methodology illustrated in Figure 2 to use ray tracing simulations to validate the 3GPP TR 38.901 stochastic channel model.
Proposal 3: Consider the statistical modelling method with ray tracing in Recommendation ITU-R P.1411-12 as a starting point to produce simulation results for validating/updating the channel model. 
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A.1	RAN1#116bis agreements
Conclusion
· To provide measurement data, and/or simulation results, and/or available publications with measurement information for frequencies 7 to 24 GHz to validate/update the channel model. 
· For frequency continuity of the channel models, Measurement information outside 7 to 24 GHz is also encouraged.
Agreement
The following provides list of modelling parameters for 7 – 24 GHz frequencies that could be further studied for validation. The parameters listed are starting point for further discussions and does not imply the parameters require validation nor imply parameters require updates for 7 – 24 GHz frequencies.
· Antenna modelling parameters (e.g. radiation power patterns, directional gain values, etc.)
· Pathloss
· LOS probability
· O-to-I penetration loss
· Delay spread (mean, variance)
· AoD spread (mean, variance)
· AoA spread (mean, variance)
· ZoA spread (mean, variance)
· ZoD spread (mean, variance)
· ZoD offset
· Angle distribution characteristics (e.g. exponential, Gaussian, Laplacian distributions)
· Shadow fading
· K factor (mean, variance)
· LSP cross correlations
· Delay scaling parameter
· XPR
· Number of clusters
· Number of rays per cluster
· Cluster delay spread
· Cluster ASD
· Cluster ASA
· Cluster ZSD
· Cluster ZSA
· Per Cluster shadowing
· Correlation distances
· LSP correlation type (e.g. site-specific or all correlated)
· Oxygen absorption
· Correlation distance for spatial consistency
· Blockage region parameters/blocker parameters
· Spatial correlation for blockages
· Material properties for ground reflector model
· Spatial consistency model A/B

Conclusion
RAN1 to continue discussion on the need for new modelling parameters/scenarios and modelling procedure. The following modelling parameters/aspects for 7 – 24 GHz frequencies that are currently not available in TR38.901 have been identified by companies in RAN1#116bis. At least the following is for further study, but does not imply parameters/scenarios and modelling procedure are required for 7 – 24 GHz frequencies.
· Intra-cluster K factor
· Random power variability in each polarization
· Addition of SMa deployment scenario

Conclusion
· RAN1 to compile measurement/simulation descriptions from companies into a Tdoc to be added as reference to TR38.901.
· Rapporteur to update the Tdoc in each meeting based on inputs from companies.
· Rapporteurs to provide a template for the measurement/simulation descriptions capture to RAN1 #117 for initial review and endorsement.
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