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 In RAN#102 meeting, a study item on Study on channel modelling enhancements for 7-24GHz was approved [1]. According to the SID, adaptation/extension of the stochastic channel model in TR38.901 for 7-24 GHz will be conducted as follows:
	· 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).



In this document, we discuss and provide our view on channel model adaptation and extension of TR38.901 for 7-24GHz.
Discussion 
The existing channel model defined in 3GPP Technical Report (TR) 38.901 [2] assumes far-field (plane wave) propagation and spatial stationarity, reflecting the communication environments prevalent in lower frequency bands. However, this does not appear to sufficiently reflect the characteristics of the new spectrum spanning 7-24 GHz that has recently been getting attention, hence it seems worth to consider adaptation and extension of the channel model.
One of the primary characteristics of the new spectrum is the prevalence of near-field (spherical wave) propagation. With wavelengths becoming shorter and antenna apertures enlarging, the Rayleigh distance increases accordingly. Consequently, a significant portion of communication links may fall within the near-field regime, especially when considering short inter-site distances (ISD) in massive cell deployment scenarios. In such scenarios, traditional far-field assumptions may no longer hold, necessitating the consideration of near-field effects.
Furthermore, the non-stationarity in the spatial domain poses additional challenges. With the increasing size of antenna aperture, it's possible for some UEs/clusters to be visible to only a subset of elements of large antenna array. This spatial non-stationarity introduces variability in channel characteristics across different antenna elements, necessitating a more advanced channel modelling approach.
In light of these factors, there is a clear need for the adaptation and extension of the existing channel model defined in TR38.901 to account for near-field propagation and spatial non-stationarity. By incorporating these considerations, we can ensure that channel models more accurately reflect the propagation characteristics of the 7-24GHz spectrum, thereby enabling more precise simulation and optimization of wireless communication systems operating in this frequency range.  Naturally, it is understood that such channel modelling approach is not be limited to just the 7-24GHz spectrum but rather need to be applicable and prove useful across all frequency ranges (0.5-100 GHz).
Near-field propagation
The channel modelling introduced in 3GPP TR 38.901 assumes that the distance between base station (BS) antennas and user terminal (UT) is sufficiently far to ignore near-field effects, and it considers only far-field propagation. However, in the new spectrum band, where wavelengths shorten and antenna apertures enlarge, near-field effects may dominate.  Thus, the traditional far-field assumption is no longer valid in the new spectrum band and the near-field effect must be taken into account
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(a)  							(b)
Figure 1. Example of channel propagation modeling (a) Far-field (b) near-field

In the legacy far-field channel model, as depicted in Figure 1-(a), the assumption is that the distance and departure angle from transmitter to receiver are common to all element in an antenna array and only phase difference among antenna array elements is considered. . Additionally, the distances between each elements and the receiver point are assumed to be identical. Consequently, in the existing channel model in TR 38.901, as shown in Equation (7.5-29), the Line-of-Sight (LOS) angle is generated equally for every antenna elements. However, as illustrated in Figure 1-(b), in a near-field channel model based on spherical wave propagation, it is essential to account for varying angles and distances between each antenna elements and the receiver. Therefore, channel modelling that considers different LOS channel characteristic such as propagation delays, angles, and powers for each antenna element would be necessary. In particular, studying near-field Multiple-Input Multiple-Output (MIMO) channel modelling for LOS channels can be considered.


	(7.5-29)

The channel modeling of the near-field effects on Non-Line-of-Sight (NLOS) paths can be considered separately. A near-field channel can present between the transmitting/receiving antennas and a scatterer, and is affected by the relative positions of the scatterer. The current stochastic channel model does not take into account the actual location of the scatterers/clusters, and uses a simplified multipath model that does not require the actual scatterers/clusters to be generated. The simplified multipath channel model is useful for relaxing evaluation complexity and it provides reliable assumptions about the multipath environment. In a same manner, reusing existing channel models for NLOS path is preferred. Meanwhile, it is worth to noting that the discussions focused on sophisticated modeling approaches such as modeling of sensing target and environment object are underway in the Rel-19 ISAC channel modelling agenda [3]. If necessary, whether to additionally consider the channel model of deterministic environment object which might be introduced in ISAC can be discussed further. 

Proposal 1: For the channel modelling adaptation/extension of TR38.901 for 7-24GHz, at least followings can be considered for near-field propagation:
· For LOS paths, modification of the channel coefficient to reflect near-field propagation property
· For NLOS paths, reusing existing far-field stochastic channel model


Spatial non-stationarity
As the relative size of the antenna aperture to the wavelength increases, elements in physically the large antenna arrays undergo varying channel characteristics. Additionally, considering distributed MIMO systems or extended virtual MIMO structures such as Reconfigurable Intelligent Surfaces (RIS), the effective antenna aperture size can extremely increase. Specifically, some clusters may be visible to the entire array, while others may only be visible to a subset of elements. Consequently, each antenna array element may have a different visible region (VR), leading to variations in channel characteristics. 
The existing channel model in TR 38.901 assumes spatial stationarity of antenna elements in an antenna array, posing challenges in accurately reflecting the channel characteristics of the new spectrum with massive antenna array system. Therefore, channel modelling extensions that consider such spatial non-stationarity are warranted. To achieve this, it may be necessary to develop channel models that generate channel model parameters (large-scale and/or small-scale parameters) for visible antenna elements sharing similar channel characteristics. 
Although the existing channel model in TR 38.901 may have limitations in adequately reflecting spatial non-stationarity, it supports spatial consistency for large-scale and small-scale channel parameters. Specifically, as described in clause 7.4.4 of TR 38.901, shadowing and other large-scale parameters are designed to be correlated as an exponential function with respect to the ratio of distances between UTs based on the correlation distance, which is scenario-dependent. Additionally, in the spatial consistency procedure outlined in clause 7.6.3, cluster-specific random variables are also correlated following the exponential function with respect to correlation distances in the two-dimensional horizontal plane.

Observation 1: In the 3GPP TR 38.901 specification, the spatial consistency procedure is supported to reflect correlation of channel parameters considering the distance between different adjacent UTs.

In the context of massive MIMO antenna arrays, considering the correlation characteristics of large-scale parameter (LSP) and small-scale parameter (SSP) dependent on the spatial distances of each adjacent antenna elements may allow for the modelling of spatially non-stationary channels. Therefore, it may be worth to explore approaches that leverage the spatial consistency introduced in the legacy spec as a starting point to model ray/cluster blockages and channel parameter correlation effects on subsets of antenna elements in large antenna arrays. By doing so, we can more accurately model the spatial non-stationarity characteristics in new spectrum band channel.

Proposal 2: Following two approaches can be considered as a starting point to model the spatial non-stationary channel:
· The channel model parameters can be generated for each visible region (VR) or subset of antenna elements.
· Spatial consistency procedure in legacy specification can be studied to reflect the correlation of channel parameter for each spatially adjacent element within antenna array.

Potential impact on specification
It would be meaningful to examine the potential impact on TR 38.901 specification that can be caused by the characteristics of the new spectrum mentioned in the above sections. As previously mentioned, the stochastic channel modeling approach should be prioritized, and the expected impact on the stochastic parameters in TR 38.901 can be considered in more detail as follows:
· In clause 7.4.1, to adopt spatial stationarity to pathloss models in each scenario.
· In clause 7.4.2, potential updates of LOS probabilities in each scenario.
· In clause 7.4.4 and/or 7.6.3, consideration of spatial consistency within antenna array
· In clause 7.5, delays/angles/powers of LOS for each of antenna elements, taking into account near-field propagation.
· In clause 7.6.4, potential updates of Blockage

Conclusion
Based on the above discussion, the following proposals and observations are provided.

Observation 1: In the 3GPP TR 38.901 specification, the spatial consistency procedure is supported to reflect correlation of channel parameters considering the distance between different adjacent UTs.

Proposal 1: For the channel modelling adaptation/extension of TR38.901 for 7-24GHz, at least followings can be considered for near-field propagation:
· For LOS paths, modification of the channel coefficient to reflect near-field propagation property
· For NLOS paths, reusing existing far-field stochastic channel model

Proposal 2: Following two approaches can be considered as a starting point to model the spatial non-stationary channel:
· The channel model parameters can be generated for each visible region (VR) or subset of antenna elements.
· Spatial consistency procedure in legacy specification can be studied to reflect the correlation of channel parameter for each spatial adjacent element within antenna array.
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