[bookmark: _Hlk146044531][bookmark: _Hlk99026805]3GPP TSG-RAN WG1 Meeting #117	R1- 2404544
Fukuoka, Japan, May 20th – May 24th, 2024

Agenda Item:	9.8.2
Source:	NVIDIA
Title:	Channel model adaptation of TR 38.901 for 7-24 GHz
Document for:	Discussion
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 7-24 GHz 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
[bookmark: _Hlk165381230]At previous RAN1 meeting, initial agreements on channel modelling were agreed (see Appendix). 
In this contribution, we discuss channel modelling adaptation of TR 38.901 for 7-24 GHz.
2	Key considerations
2.1	Near-field propagation 
Near-field propagation refers to the region close to the source of electromagnetic waves, typically within a distance of a few wavelengths from the source. In this region, the behavior of electromagnetic fields is complex and differs significantly from that in the far-field region. 
In the near-field region, both electric and magnetic field components are present and vary significantly with distance from the source. These fields are not necessarily in phase with each other, and their orientations and magnitudes can change rapidly as distance from the source changes. The relationship between the electric and magnetic fields in the near field is governed by Maxwell's equations, which describe how electric and magnetic fields interact with each other. In the near field, electromagnetic energy is primarily stored in the electric and magnetic fields surrounding the source rather than being radiated away into free space. This means that energy transfer occurs through the exchange of electromagnetic fields between the source and nearby objects or receiving antennas, rather than through the propagation of electromagnetic waves into the far-field region. The non-radiative energy transfer characteristic of the near field is utilized in technologies such as induction heating and wireless power transfer.
The electromagnetic fields in the near field are highly dependent on the geometry and characteristics of the source antenna or emitting structure. As a result, near-field phenomena can be highly complex, with field distributions that vary spatially and temporally around the source. The behavior of near-field electromagnetic fields can be influenced by nearby objects, surfaces, and obstacles, leading to effects such as field distortion, reflection, and absorption. The extent of the near-field region is typically limited to a few wavelengths from the source. As distance from the source increases beyond this range, the near-field effects diminish, and the electromagnetic fields gradually transition into the far-field region, where they propagate as electromagnetic waves.
Observation 1: It is essential to use appropriate models and techniques tailored to the characteristics of the near-field region when analysing or designing systems that operate in close proximity to electromagnetic sources.
2.2	Spatial non-stationarity 
Spatial non-stationarity refers to the phenomenon where the statistical properties of a signal or a system vary across different spatial locations. In the context of wireless communication channels, spatial non-stationarity implies that the characteristics of the channel, such as signal strength, fading, and delay spread, change across space.
When modeling wireless communication channels, it is crucial to account for spatial non-stationarity to accurately represent real-world propagation effects. This may involve characterizing how channel parameters (such as path loss, delay spread, and angular spread) vary across different spatial locations. Models that capture spatial non-stationarity enable more realistic simulations and predictions of communication system performance in diverse environments.
In certain environments, such as urban scenarios, objects like buildings, trees, or vehicles can obstruct the propagation paths between the transmitter and receiver, leading to blockages or shadowing effects. These blockages can cause localized variations in the received signal strength and introduce additional propagation paths due to diffraction or reflection around obstacles. Modeling these blockages involves accounting for the spatial distribution of obstacles and their impact on signal propagation, which can vary across different locations.
In massive MIMO systems with large antenna arrays, the spatial correlation between different antenna elements becomes crucial. Spatial correlation refers to the degree of similarity between the channels experienced by different antennas. In spatially non-stationary environments, the correlation between antenna elements may vary across the array due to factors such as blockages, scattering, or multipath propagation. Modeling these correlation effects involves characterizing how the spatial correlation varies across different spatial locations and how it influences system performance. Large antenna arrays often consist of numerous antenna elements, but in practical scenarios, not all elements may be utilized due to hardware constraints or beamforming considerations. Modeling the spatial non-stationarity effects on a subset of antenna elements involves analyzing how the channel characteristics, including blockages and correlation, affect the selected subset of antennas differently based on their spatial positions within the array and their interactions with the surrounding environment.
Observation 2: Recognizing and addressing spatial non-stationarity is essential for designing reliable and efficient communication systems capable of adapting to dynamic channel conditions.
3	Ray tracing for near-field propagation and spatial non-stationarity 
Deterministic ray tracing is an essential method to simulate the wireless channel between transmitter and receiver locations with high precision. Specifically, it uses the ray-optic approximation to simulate the wireless channel between Tx and Rx locations. This method offers high precision in channel modeling by considering the propagation characteristics of individual electromagnetic rays.
Traditionally, ray tracing performs a simple point-to-point simulation to estimate the channel between the transmitter and receiver. While effective for small-scale scenarios, this approach becomes unrealistic for large-scale channel realizations, particularly in the context of massive MIMO systems. 
The traditional approach essentially assumes far-field plane wave propagation. Under this assumption, all paths are presumed to impact the array with a uniform plane wavefront. Specifically, each path propagates with consistent power and angle across all array elements, while the delay/phase is dictated by the path direction and array configuration. 
However, as the array size grows, the distance between the transmitter and receiver may decrease to the point where it becomes smaller than the Fraunhofer distance given by

where  is the maximum linear dimension of the array and  is the wavelength. Near-field effects emerge in this region. Specifically, elements within a large antenna array may experience paths with different angles and delays due to near-field communication distances.
Observation 3: Plane wave propagation assumption does not hold for near-field propagation and spatial non-stationarity.
One straightforward near-field scenario is the spatial non-stationary case, where multipaths are envisaged to propagate on the array with near-field spherical wavefronts in a stationary manner. Each path exhibits distinct power, angle, and delay characteristics across array elements due to variations in the wavefront. 
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Figure 1: An illustration of near-field scenario with spatial non-stationarity
A more intricate near-field scenario is the near-field spatial non-stationary case, where paths propagate with near-field wavefronts, and some paths may only be detectable by specific array elements. This phenomenon arises because objects with limited physical dimensions may not fully scatter signals across such large arrays. In the near-field spatial non-stationary massive MIMO channel, the path parameters vary with the array element. In other words, the array elements may perceive varying channel multipath characteristics, including power and number of multipaths, a phenomenon known as the spatial non-stationarity.
In short, in massive MIMO systems, antenna arrays may consist of a large number of elements, resulting in large array apertures. The inconsistent responses across array elements pose challenges for traditional channel modeling approaches, as they may not accurately capture the spatial variations in channel characteristics.
To accurately represent the near-field and spatial non-stationary effects in the massive MIMO channel, one approach involves generating path responses for each array element. This method simulates the ray tracing channel individually for every element within the array. By accounting for various element locations and real-world environmental factors, this technique can effectively capture the near-field and spatial non-stationary effects characteristics inherent in the massive MIMO channel. 
Furthermore, performing ray tracing for each transmit-receive element pair of the arrays can be efficiently implemented by exploiting parallelization and hardware accelerators such as GPUs [3].
Proposal 1: For channel modelling at least for 7-24 GHz, the calculations of rays should be done for each individual element of a large array to accurately represent the near-field and spatial non-stationary effects.
In particular, for near-field channel, it is necessary to model the antenna element-wise channel parameters of direct path between TRP and UE, including angular domain parameters (i.e., AoA, AoD, ZoA, ZoD), delay, initial phase, Doppler shift, and amplitude. The antenna element-wise channel parameters of the direct path between TRP and UE should be determined by the antenna element locations of both TRP and UE.
Proposal 2: For near-field channel, it is necessary to model the antenna element-wise channel parameters of direct path between TRP and UE, including angular domain parameters (i.e., AoA, AoD, ZoA, ZoD), delay, initial phase, Doppler shift, and amplitude.
Proposal 3: The antenna element-wise channel parameters of the direct path between TRP and UE should be determined by the antenna element locations of both TRP and UE.

Conclusion
In the previous sections, we discuss general aspects of AI/ML framework for NR air interface and make the following observations:
Observation 1: It is essential to use appropriate models and techniques tailored to the characteristics of the near-field region when analysing or designing systems that operate in close proximity to electromagnetic sources.
Observation 2: Recognizing and addressing spatial non-stationarity is essential for designing reliable and efficient communication systems capable of adapting to dynamic channel conditions.
Observation 3: Plane wave propagation assumption does not hold for near-field propagation and spatial non-stationarity.
Based on the discussion in the previous sections we propose the following:
Proposal 1: For channel modelling at least for 7-24 GHz, the calculations of rays should be done for each individual element of a large array to accurately represent the near-field and spatial non-stationary effects.
Proposal 2: For near-field channel, it is necessary to model the antenna element-wise channel parameters of direct path between TRP and UE, including angular domain parameters (i.e., AoA, AoD, ZoA, ZoD), delay, initial phase, Doppler shift, and amplitude.
Proposal 3: The antenna element-wise channel parameters of the direct path between TRP and UE should be determined by the antenna element locations of both TRP and UE.
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A.1	RAN1#116bis agreements
Agreement
The antenna array is assumed for the near-field study.
Agreement
For the study of near-field channel modelling, at least following aspects should be considered:
· Whether/How to define the near-field region.
· The parameters variation for each ray/cluster across different antenna element pairs.
Agreement
The following scenarios defined in TR38.901 should be considered for the study/modelling of near-field.
· UMa,UMi, Indoor office and Indoor factory
· FFS: RMa and other new scenarios
Agreement
For the assumption on the aperture size of antenna array, the following is considered as reference for channel model study.
· up to [TBD] m, or  [TBD] lambda for UMi
· up to [TBD] m, or [TBD] lambda for UMa
· up to [TBD] m, or [ TBD] lambda for Indoor office
· up to [TBD] m, or [TBD] lambda for Indoor factory
Agreement
For the near-field channel model:
· The impact of the assumption of wavefront is only considered from the perspective of antenna array.
· The near field for each element within the antenna array is not considered in this SI. 
Agreement
For near-field channel model, RAN1 strives to design a unified model to explicitly reflect the new properties of near- and existing properties of far-field under the structure of existing stochastic model TR 38.901.
· FFS: whether the same or different implementations, e.g., procedures/equations, are used for near- and far-field channel realization 
Agreement
The near- or far-field condition should be studied for the direct path and non-direct paths between BS and UE.
· The near-/far-field condition for the direct path may be assessed by using the 3D BS-UE distance.
· FFS: The determination of near-/far-field condition for the non-direct paths
· Note: The direct path is referring to the LoS ray in the TR 38.901 in principle.
· Note: The non-direct paths are referring to the cluster/ray(s) without including LoS ray in the TR 38.901.

Agreement 
For near-field channel, if necessary, to model the following antenna element-wise channel parameters of direct path between TRP and UE, 
· Angular domain parameters (i.e., AoA, AoD, ZoA, ZoD), Delay, initial phase, Doppler shift, Amplitude
· FFS: Impacts on the polarization
The following options are considered:
· Option-1: Determined by the locations of both TRP and UE.
· Option-2: Determined by the antenna element locations of both TRP and UE
Agreement
The following scenarios defined in TR38.901 should be considered for studying/modelling of spatial non-stationarity
· UMi, UMa, Indoor office and Indoor factory
· FFS: RMa and other new scenarios
Agreement
For the modelling of spatial non-stationarity, at least the following options can be studied to identify the impacted ray/cluster and element-pair link:
· Option 1: Introducing per ray/cluster the visible probability, or visibility region for set of antenna element
· Option 2: Introducing the physical blocker to emulate the blockage impact on the link for each element-pair   
· Note: The consistency across antenna elements and across clusters should be guaranteed. 
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