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1. Introduction
A new SID, “Study on channel modelling enhancements for 7-24GHz for NR”, was approved in [1]. It aims at complementing channel models specified in 3GPP TR 38.901 [2] such that they become suitable for performance evaluations at radio frequencies between 7-24 GHz.

One of the objectives of this study item is described as follows:
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This document provides company views on channel model adaptation required for 7-24GHz including why it is needed.

2. Channel model adaptation
2.1 Cluster structure

A cluster of multipath components is a group of sub-paths with similar characteristics, e.g., in delay and angular domains. 

In 3GPP TR 38.901 [2],  a cluster is composed of 20 equal gain sub-paths with regular pattern of angle offsets with respect to the nominal angle of the cluster. Gains and angles together approximate the Laplacian angular power distribution with a particular rms angle spread. An example of sub-paths is shown in Figure 1 (left). Currently, each sub-path has a different angle, but all or several sub-paths arrive with same propagation delay.

In the frequency range 7-24 GHz, this cluster structure approach might not be reasonable for several reasons:
· Specular reflection is an important wave-material interaction at the considered frequencies. It is expected that objects and surfaces providing strong specular reflection constitute Ricean fading clusters with a dominant path component.
· Very large arrays provide very high angular resolution and wider bandwidths provide higher delay resolution. 
· Clusters cannot be too large in angular domain. The original modelling concept spatial clusters assumed sub-paths to be mostly non-resolvable.
· It is not feasible to assume all clusters are composed of diffuse scattering and result in Rayleigh fading.

The problem of resolvability was noticed already in the channel modelling work of the European METIS project and reported in [3] (see Fig. 3 therein): The lack of realistic amplitude representation of highly resolved sub-paths results in overestimated performance in the case of massive-MIMO. The singular value distribution of 3GPP cluster structure results in a nearly ideal MIMO channel for the large antenna arrays, whereas the measured channels perform much worse.

A simple solution for the problem caused by higher radio frequency propagation and especially higher angular resolution is to introduce a new cluster structure with non-equal gains of sub-paths. This can be done systematically, e.g., by keeping equal angular spacing between sub-paths as illustrated in Figure 1 (right). In both cases of Figure 1, the power angular distribution of the cluster follows Laplacian function and the rms angular spreads are identical. Alternatively to the uniform sampling, the angles can be drawn randomly and the gains can be determined to follow Laplacian function. Possibly the number of sub-paths can be reduced as well. Altogether, this cluster structure should enable clusters with Rice distributed amplitude fading and prevent over optimistic channel generation for large arrays.
[bookmark: _Ref163042764][image: ][image: ]Figure 1. Cluster structure with equal gain sub-paths (left) and equal angular spacing sub-paths (right).
[bookmark: Obs1]Observation 1: Existing cluster model in 3GPP TR 38.901 [2] assume diffuse scattering for all propagation paths and specular reflections are not incorporated. This assumption is not valid for 7-24 GHz channel model.
[bookmark: Obs2]Observation 2: Existing cluster structure in 3GPP TR 38.901 [2] is unsuitable for modelling 7-24 GHz propagation channels and very large arrays.
[bookmark: Prop1]Proposal 1: Revise 3GPP TR 38.901 channel model by introducing specular paths in addition to diffuse scattering. FFS whether specular paths apply only to 7-24 GHz or additional frequencies.
[bookmark: Prop2]Proposal 2: Revise the cluster structure by introducing non-equal gain sub-paths and possibly reducing the number of sub-paths. FFS whether the revised cluster structure applies only to 7-24 GHz or additional frequencies.

2.2 Near-field

Current channel models in 3GPP TR 38.901 [2] consider only far-field condition and do not model spherical wavefronts. 

A relevant question is whether near-field condition and the need for spherical wavefront modelling occurs at expected systems operating at 7-24 GHz radio frequencies. 

Regarding near-field condition, the traditional Fraunhofer distance comes from antenna measurements and provides a boundary for the radiative near-field and far-field. The Fraunhofer distance is defined as

where  is the maximum aperture of antenna in metres and  is the carrier centre frequency. As mentioned, this criterion is motivated by antenna measurements and yields at maximum 22.5 phase deviation at the array edges. It is questionable how valid this criterion is for high order MIMO communication scenarios with larger antenna arrays, as probably required for 7-24 GHz. 

However, many other criteria for the near-field condition can be found in literature. For example, recent academic publication from 2021 [4]  draws conclusions and suggests much shorter far-field distance.  It says: “Conventional far-field beamforming design can be used with at most 3 dB loss for propagation distances  larger than , where  is the Fraunhofer array distance. For , the spherical wavefronts must be considered in the beamforming design.” The proposed far-field distance is called the Björnson distance, named after the first author of the publication.

To compare Fraunhofer and Björnson boundaries between far and near field, assume an array with form factor of 67 cm × 35 cm (height × width). This corresponds to approximate dimensions of a 12×8 planar array at 3.5 GHz frequency with 0.65 and 0.5 wavelength spacing of rows and columns, respectively. In case similar physical array size is used for frequencies between 7 and 24 GHz, the Fraunhofer and Björnson distances are visualized in Figure 2. The resulting Fraunhofer distances are from 26.68 m to 91.49 m and Björnson distances are from 2.67 m to 9.15 m. If the Björnson distance is followed, the spherical wavefront modelling becomes necessary at the highest frequency on distances shorter than 9.14 m. Whether such short link distances are ever met depends on the deployment of antenna arrays. At least in outdoor conditions, link distances shorter than Björnson distance might be unusual.
[image: ]
[bookmark: _Ref163048117]Figure 2. Far-field distances for 67 cm × 35 cm antenna array.
[bookmark: Obs3]Observation 3: Strong near-field conditions necessitating spherical wavefront modelling might be needed only at very short distances depending on the far-field boundary criterion used. These short distances might be rare and not relevant for many use cases.
[bookmark: Prop3]Proposal 3: Evaluate the necessity of near-field channel modelling based on a suitable criterion for each use case/channel model scenario (Indoor, Urban, etc.). Apply the existing far-field channel modelling concept currently defined in 3GPP TR 38.901 [2] for distances beyond the threshold. 

2.3 Dynamic/spatially consistent modelling

The channel modelling framework of 3GPP TR 38.901 [2] is discontinuous and does not contain, e.g., routes of UEs or other dynamic long-term time continuous elements. However, the framework can be extended to dynamic modelling with a simple extension. Propagation parameters can be drawn on various locations of a UE following the approach of 3GPP TR 38.901 [2]. Then these parameters can be linearly interpolated between modelled locations to make time continuous dynamic channel model. This principle is introduced in publications [5] and [6]. This modelling approach (among other things) is contributed for MIMO OTA testing in RAN4 in [7].

[bookmark: Obs4]Observation 4: Existing channel models in 3GPP TR 38.901 [2] can be extended to dynamic models with an extension based on interpolation of randomly drawn multipath parameters (delays, angles, powers, etc.).
[bookmark: Prop4]Proposal 4: Adopt the small-scale parameter interpolation scheme for extending 3GPP TR 38.901 [2] to non-stationary dynamic modelling.

4. Conclusion
This document provides company views on channel model adaptation required for 7-24GHz including why it is needed.
The following observations and proposals are made:
Observation 1: Existing cluster model in 3GPP TR 38.901 [2] assume diffuse scattering for all propagation paths and specular reflections are not incorporated. This assumption is not valid for 7-24 GHz channel model.
Observation 2: Existing cluster structure in 3GPP TR 38.901 [2] is unsuitable for modelling 7-24 GHz propagation channels and very large arrays.
Proposal 1: Revise 3GPP TR 38.901 channel model by introducing specular paths in addition to diffuse scattering. FFS whether specular paths apply only to 7-24 GHz or additional frequencies.
Proposal 2: Revise the cluster structure by introducing non-equal gain sub-paths and possibly reducing the number of sub-paths. FFS whether the revised cluster structure applies only to 7-24 GHz or additional frequencies.
Observation 3: Strong near-field conditions necessitating spherical wavefront modelling might be needed only at very short distances depending on the far-field boundary criterion used. These short distances might be rare and not relevant for many use cases.
Proposal 3: Evaluate the necessity of near-field channel modelling based on a suitable criterion for each use case/channel model scenario (Indoor, Urban, etc.). Apply the existing far-field channel modelling concept currently defined in 3GPP TR 38.901 [2] for distances beyond the threshold. 
Observation 4: Existing channel models in 3GPP TR 38.901 [2] can be extended to dynamic models with an extension based on interpolation of randomly drawn multipath parameters (delays, angles, powers, etc.).
Proposal 4: Adopt the small-scale parameter interpolation scheme for extending 3GPP TR 38.901 [2] to non-stationary dynamic modelling.
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e 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:
e Near-field propagation (with consideration being given to consistency between near-field and far-
field)
e Spatial non-stationarity
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