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Introduction 
[bookmark: OLE_LINK1]With the anticipation that 6G studies could commence in the Release 20 timeframe, it is imperative for 3GPP to ensure the availability of accurate channel models for the full spectrum range that 6G may utilize. The current 5G channel model, TR38.901 [1], supports frequencies between 0.5 GHz and 100 GHz. However, it is recognized that the development of the 5G channel model within RAN1 was primarily focused on the sub-6 GHz and the above 24 GHz mmWave bands. For frequencies between 7 GHz and 24 GHz, channel correlation parameters were derived by interpolating data from below 6 GHz and above 28 GHz.
With the advent of 6G, establishing a robust channel model becomes even more critical. 3GPP channel models are widely recognized and utilized throughout the wireless industry for a variety of commercial applications, not just within the 3GPP community. Therefore, a study to verify channel models for the 7 to 24 GHz range in Release 19 is both timely and necessary. This validation should ensure model continuity across the frequency spectrum and may include comparisons with other existing channel models. These comparisons could extend beyond the 7 to 24 GHz range to include boundary frequencies or sub-6 GHz for relevant modelling parameters.
So, the proposal for a new study item focusing on channel modelling for the 7-24 GHz range received approval during RAN#102 [2]:
	[bookmark: _Hlk146642115]The objectives of this study are:
 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

Note 1: Continuity of the channel model in the frequency domain below 7 GHz and above 24 GHz shall be ensured.

Note 2: Mathematical and/or theoretical aspects (if any) may be studied before results of measurement campaigns are available. While measurement results may be available and submitted at any time, the study of measurement results may start later (e.g., Q3 2024). 


[bookmark: OLE_LINK14]In this contribution, we will discuss issues [3] related to channel modeling for the 7-24 GHz frequency range.
•	Near-field channel modelling
•	Spatial non-stationarity
The details of each part are provided in corresponding section.  
[bookmark: OLE_LINK18]Discussion
[bookmark: OLE_LINK11][bookmark: OLE_LINK3][bookmark: OLE_LINK15][bookmark: OLE_LINK20]Near-field channel modelling
[bookmark: OLE_LINK41][bookmark: OLE_LINK13][bookmark: OLE_LINK32]TR 38.901 provides a comprehensive channel model for frequencies ranging from 0 to 100 GHz, covering a wide array of scenarios relevant to 5G. However, it primarily addresses far-field conditions and may not fully account for the specific considerations required for short-range interactions in the near-field. Under far-field conditions, the wavefront can be assumed to be planar, meaning that the phase of the wave changes uniformly across different positions at the receiver. This assumption is valid when the propagation distance is significantly greater than the wavelength. In contrast, in the near-field, the wavefront is curved, and the phase variations in space cannot be assumed to be uniform. For an illustration of far-field and near-field conditions, please refer to Figure 1.
[bookmark: _Hlk165466784][image: ]
[bookmark: OLE_LINK79][bookmark: OLE_LINK21]Figure 1. far-field and near-field
[bookmark: OLE_LINK60]In the following sections, we will provide our views for the near-field channel modelling.
[bookmark: OLE_LINK25][bookmark: OLE_LINK33]Criteria to define the near-field region
[bookmark: OLE_LINK37][bookmark: OLE_LINK23][bookmark: OLE_LINK93]The Rayleigh distance [4], also referred to as the Fraunhofer distance, is a concept derived from antenna theory that traditionally signals the presence of near-field effects in various scenarios, as illustrated in Figure 2. This distance is determined by the formula = 2/𝜆, where D represents the largest dimension of the antenna and 𝜆 is the wavelength of the signal. 

[bookmark: OLE_LINK92][image: ]
[bookmark: OLE_LINK53][bookmark: OLE_LINK34][bookmark: OLE_LINK35]Figure 2. near-field region and far-field region separated by the Rayleigh distance
[bookmark: OLE_LINK82][bookmark: OLE_LINK77][bookmark: OLE_LINK67][bookmark: OLE_LINK69][bookmark: OLE_LINK43][bookmark: OLE_LINK42][bookmark: OLE_LINK48][bookmark: OLE_LINK55][bookmark: OLE_LINK50]Although the Rayleigh distance provides a quantifiable benchmark for near-field modeling, its role as the sole determinant in the transition between near-field and far-field regions may not be entirely appropriate. The actual behavior of electromagnetic fields in the near-field region can exhibit complex phenomena that deviate from these models. Factors such as antenna surface roughness, material properties, and environmental conditions can influence near-field interactions, potentially leading to discrepancies between theoretical predictions and real-world observations.
[bookmark: OLE_LINK58][bookmark: OLE_LINK59]Additionally, near-field effects are characterized by spherical wave propagation, where each antenna element generates the channel with its unique complex field distribution. However, modeling these effects at the level of individual antenna elements can lead to high complexity. To address the uncertainties of the Rayleigh criterion and the challenges of modeling spherical wave propagation, an alternative known as the antenna-group-wise method is proposed. This method moves away from strict reliance on the Rayleigh distance, opting for a flexible method that accounts for the spatial arrangement of antenna elements.
[bookmark: OLE_LINK94][bookmark: OLE_LINK78][bookmark: OLE_LINK2][bookmark: OLE_LINK90][bookmark: OLE_LINK80][bookmark: OLE_LINK66][bookmark: OLE_LINK68][bookmark: OLE_LINK73][bookmark: OLE_LINK70][bookmark: OLE_LINK71]The antenna-group-wise method includes the antenna-element-wise method, which reduces the computational burden and memory requirements by using a larger group size. By grouping antenna elements together and processing them as a single entity, the antenna-group-wise method can streamline computations. Instead of performing complex calculations for each element separately, the method allows for a consolidated method that can handle multiple elements simultaneously, thus reducing the overall computational demands and memory requirements. Moreover, based on the antenna-group-wise method, at larger distances, where the far-field prevails and the wavefronts can be approximated as planar, multiple panels can be viewed as a single transmission source, streamlining the modeling process. Conversely, in the near-field, closer proximity to the antenna array necessitates treating each panel as a distinct source, factoring in its specific direction and impact on channel parameters. This is due to the spherical wave characteristics that dominate the near-field region, where the phase and amplitude vary significantly across the antenna array, as illustrated in Figure 3
[image: ]
Figure 3. antenna-group-wise method
[bookmark: OLE_LINK81][bookmark: OLE_LINK72]By treating groups of antenna elements as single/ multiple entities, this strategy not only tackles the issue of defining the near-field region but also strikes a balance between detailed channel characterization and computational/memory manageability.
[bookmark: OLE_LINK88]Proposal 1: The need for strict criteria to define the near-field region could be tackled by the antenna-group-wise method.
[bookmark: OLE_LINK45][bookmark: OLE_LINK49][bookmark: OLE_LINK54]Proposal 2: The antenna-group-wise method includes the antenna-element-wise method, which reduces the computational burden and memory requirements by using a larger group size.
Near-field/far-field condition of UE and clusters
[bookmark: OLE_LINK17][bookmark: OLE_LINK51]In real-world communication channels, signals are often composed of multiple clusters, each potentially falling into either the near-field or far-field category. Determining the field condition of these clusters presents a challenge, especially in complex urban scenarios where buildings and other structures contribute to a multipath scenario.
[bookmark: OLE_LINK38]For clusters that have a clear direct path, the 3D distance between the gNB and the UE can be straightforwardly used to assess whether they are in the near-field or far-field. However, for non-direct paths, where direct paths are obstructed, a collective assessment is preferred. This method evaluates the cumulative effect of all direct paths to ascertain the overall field condition, whether near or far.
[bookmark: OLE_LINK62][bookmark: OLE_LINK39]Proposal 3: The near-field condition of non-direct paths follow the near-field condition of the direct path.
[bookmark: OLE_LINK106][bookmark: OLE_LINK52]This collective assessment simplifies the modeling process by lowering its complexity. Instead of assessing each propagation path or cluster individually, a collective approach merges their effects, enhancing efficiency. This benefit is especially notable in urban settings, where signals often reflect, diffract, and scatter due to numerous obstacles. Focusing on the cumulative impact of these interactions, the model maintains accuracy while avoiding the need for extensive computational resources.
Large scale parameters determination
[bookmark: OLE_LINK57][bookmark: OLE_LINK74]Large-scale fading is influenced by factors such as path loss, shadowing from large obstacles, and the overall propagation scenarios, rather than the intricate phase and amplitude variations seen in the near-field. Therefore, while near-field effects are a significant contributor to small-scale fading, they are not the primary factor in large-scale fading, which is more dependent on the broader characteristics of the signal's travel from the transmitter to the receiver.
[bookmark: OLE_LINK63][bookmark: OLE_LINK56]Proposal 4: The near-field effects are limited to influencing small-scale fading.
Small scale parameters determination
[bookmark: OLE_LINK6][bookmark: OLE_LINK84][bookmark: OLE_LINK40][bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK5][bookmark: OLE_LINK96][bookmark: OLE_LINK95][bookmark: OLE_LINK97][bookmark: OLE_LINK7][bookmark: OLE_LINK85][bookmark: OLE_LINK46][bookmark: OLE_LINK98]In the context of near-field channel modeling, a meticulous method that scrutinizes each antenna element is crucial for accurately capturing the small-scale fading effects that are pronounced in close-range scenarios. Small-scale fading, characterized by rapid fluctuations in signal strength due to multipath interference, requires a high-resolution model to understand the complex interactions between the electromagnetic fields and the antenna elements. To make this high-resolution modeling more feasible, it is practical to use the antenna-group-wise method. This strategy reduces the computational burden while preserving the essential details that influence small-scale fading. By doing so, the model can effectively represent the impact of the near-field on signal variability without becoming overly complex or computationally intensive.
[bookmark: OLE_LINK99][bookmark: OLE_LINK8][bookmark: OLE_LINK87][bookmark: OLE_LINK83][bookmark: OLE_LINK86]Complementing this antenna-group-wise method, the adoption of spatial consistency principles from the TR 38.901 is beneficial, especially for systems featuring arrays of multiple antennas, such as those used in advanced coordinated transmission techniques. Spatial consistency ensures that the small-scale fading effects are modeled in a uniform manner across various antenna configurations, maintaining the integrity of the simulation across different scenarios.
[bookmark: OLE_LINK9][bookmark: OLE_LINK100]This dual method, which combines the granularity of individual antenna element analysis with the broader perspective of spatial consistency, offers a comprehensive solution for near-field channel modeling. It is particularly adept at addressing the challenges of small-scale fading in the near-field, providing a robust framework for accurate simulations.
[bookmark: OLE_LINK24][bookmark: OLE_LINK89][bookmark: OLE_LINK64][bookmark: OLE_LINK30]Proposal 5: Utilize TR 38.901 spatial consistency with multiple antenna arrays/panels (e.g., Rel18 CJT) to model near-field effects.
[bookmark: OLE_LINK44][bookmark: OLE_LINK4][bookmark: OLE_LINK19][bookmark: OLE_LINK31][bookmark: OLE_LINK16]Moreover, we agreed to strive to design a unified model to explicitly reflect the new properties of near-field and existing properties of far-field under the structure of existing stochastic model TR 38.901. That implies that the cluster-based method may be used for far-field channel generation, and it should be justified/validated that the cluster location-based method is feasible to reflect existing properties of far-field under the structure of existing stochastic model TR 38.901.
[bookmark: OLE_LINK29][bookmark: OLE_LINK10][bookmark: OLE_LINK22]Observation 1: Validation of the cluster location-based method are required for the unified TR 38.901 model, which encompasses both near-field and far-field properties, to ensure that far-field characteristics are accurately reflected within the existing stochastic framework.
[bookmark: OLE_LINK61][bookmark: OLE_LINK12][bookmark: OLE_LINK114][bookmark: OLE_LINK26]Spatial non-stationarity
Spatial non-stationarity refers to the phenomenon where the multipath (clusters) of a wireless communication channel change at different spatial locations. This implies that various antenna elements within an array may experience differing signal fading, delays, and phase shifts. For an illustration of conventional massive MIMO exhibiting spatial stationarity and larger antenna MIMO systems demonstrating spatial non-stationarity, please refer to Figure 4.
[image: ]
Figure 4. spatial stationarity and spatial non-stationarity
In the following sections, we will provide our views for the spatial non-stationarity.
Methodology for the spatial non-stationarity channel modeling
[bookmark: OLE_LINK28][bookmark: OLE_LINK36][bookmark: OLE_LINK101][bookmark: OLE_LINK102]To effectively model the dynamic and heterogeneous nature of wireless channels, particularly in the context of spatial non-stationarity, we can leverage the TR38.901 spatial consistency and blockage models within an antenna-group-wise framework. This method provides a comprehensive framework for capturing the variations in the channel's statistical properties over space and time, which is essential for accurately simulating the real-world behavior of wireless signals. By applying these models to scenarios involving multiple antenna arrays or panels, such as those found in R18 CJT systems, within the context of antenna-group-wise methodology, we can generate a more realistic representation of the channel that accounts for the spatially varying nature of the scenario.
The spatial consistency model, when applied in an antenna-group-wise manner, ensures that the channel's characteristics do not change abruptly over short distances, reflecting the physical reality that the propagation scenario typically varies smoothly. This aspect of the model is particularly important when dealing with large antenna arrays, where different parts of the array, or different antenna groups, may experience different propagation conditions. On the other hand, the blockage model, integrated within the antenna-group-wise approach, captures the impact of obstacles in the scenario that can obstruct the direct path between the transmitter and receiver, leading to shadowing and diffraction effects.
[bookmark: OLE_LINK105][bookmark: OLE_LINK103][bookmark: OLE_LINK104]By integrating these models within an antenna-group-wise framework, we can simulate the impact of spatial non-stationarity on signal propagation more effectively. This allows for a nuanced understanding of how the channel characteristics may change as the user moves through the scenario or as the scenario itself changes due to the movement of objects or the variability of atmospheric conditions. This method is crucial for designing robust communication systems that can adapt to the ever-changing conditions of real-world wireless channels, ensuring consistent and reliable performance in a variety of deployment scenarios. This antenna-group-wise approach enhances our ability to model and predict the behavior of wireless channels with greater accuracy, facilitating the development of more resilient and efficient communication systems.
[bookmark: OLE_LINK65][bookmark: OLE_LINK27][bookmark: OLE_LINK47]Proposal 6: Utilize TR 38.901 spatial consistency and blockage with multiple antenna arrays/panels (e.g., Rel18 CJT) to model spatial non-stationarity effects.
Conclusion
In this contribution, it discusses channel modelling issues for 7-24GHz with following observation and proposals:
Observation 1: Validation of the cluster location-based method are required for the unified TR 38.901 model, which encompasses both near-field and far-field properties, to ensure that far-field characteristics are accurately reflected within the existing stochastic framework.
Proposal 1: The need for strict criteria to define the near-field region could be tackled by the antenna-group-wise method.
Proposal 2: The antenna-group-wise method includes the antenna-element-wise method, which reduces the computational burden and memory requirements by using a larger group size.
Proposal 3: The near-field condition of non-direct paths follow the near-field condition of the direct path.
Proposal 4: The near-field effects are limited to influencing small-scale fading.
[bookmark: OLE_LINK91]Proposal 5: Utilize TR 38.901 spatial consistency with multiple antenna arrays/panels (e.g., Rel18 CJT) to model near-field effects.
Proposal 6: Utilize TR 38.901 spatial consistency and blockage with multiple antenna arrays/panels (e.g., Rel18 CJT) to model spatial non-stationarity effects.
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