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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN #102 meeting, a study item on 7-24 GHz channel model is endorsed as below [1]:
	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).


In this contribution, we analyse the near-field and spatial non-stationarity features based on measurement campaigns and provide our views on the modelling methodology. 
2 Considerations on the near-field and spatial non-stationary modeling
Near-field modelling
The current channel model in TR 38.901 generates the channel coefficient under the far-field assumption. When the near-field assumption applies, the generation procedure of channel coefficient needs to be modified, where the following aspects should be considered: 
· Criteria of near-field assumption
The distance between BS and UE (LOS) as well as the distance between BS/UE and clusters (LOS/NLOS) can be used to decide if the near-field assumption applies during the generation of channel coefficients. The well-accepted Rayleigh distance (, where D is the antenna array aperture and λ is the wavelength) can be adopted as the criteria, under which the near-field assumption holds. 
[image: ]
Figure 1 Illustration of far-field and near-field assumption
· Scatterer locations
As shown in Figure 1, under the far-field assumption, each ray is considered to reach all antenna elements parallelly. Whereas, under the near-field assumption, the angle and phase of a ray observed at antenna elements depend on the location of the corresponding scatterer. Therefore, the locations of first- and last-bounce scatterers need to be determined. The scatterer localization approach in [2] can be referred. 

[image: ]
Figure 2 Scatterer localization
· Angles and Phases of rays
As discussed above, each ray is considered to reach all antenna elements parallelly under the far-field assumption, which means the departure/arrival angle of each ray is considered the same among all antenna  elements, and the phase of each ray varies linearly with the coordinate of antenna elements. This is not true for the near-field assumption, under which the departure/arrival angle and phase of a ray observed at an antenna element should be computed according to the geometry relationship between the corresponding first-/last-bounce scatterer and the element. Based on the analysis, the components of antenna gain and steering vector in the channel coefficient equation should be revised as below: 
(1)


       (2)



(3)
where  represents the distance between Tx reference point and Rx reference point,  represents the distance between the last-bounce scatterer and Rx reference point,  represents the distance between the first-bounce scatterer and Tx reference point, and  represents the propagation delay from Tx reference point to Rx reference point through the NLOS path (n, m).
Proposal 1: The SI models the near-field propagation characteristic according to formulas 1, 2, and 3.
Spatial non-stationary modelling
Another significant phenomenon introduced by large antenna array is spatial non-stationarity (SnS). As introduced in [3], the channel measurement campaigns under 32x32 large antenna array has been conducted, in order to verify the existence of SnS, the delays, angles as well as amplitudes of rays are extracted from the measured channel response with 10x10-subarray granularity and the extracted rays are then clustered. 
Figure 3 shows the clustering result obtained by subarray sliding through columns on a certain row under indoor LOS scenario. It can be observed that the LOS path (orange circle) keeps spatial consistency during subarray sliding, while for NLOS clusters, the birth and death phenomenon appears along the antenna array, which implies different subarrays can ‘see’ different clusters. 
[image: ] 
[bookmark: _Ref162288477]Figure 3 Spatial non-stationarity along the antenna array
Observation 1: The birth and death phenomenon for clusters can be observed along the large antenna array.
For the sake of depicting aforementioned birth and death phenomenon for clusters, following visible probability approach can be considered for each pair of cluster and antenna element:
· Define a reference antenna element for each cluster.
· For the target cluster, calculate the visible probability for each antenna element. The modeling of visible probability should consider the distance between the cluster/UE and antenna array as well as the distance between the reference antenna element and the target antenna element. 
· For the invisible antenna element, calculate the power attenuation factor .
Define a reference element for each cluster
For target cluster, calculate the visible probability for each element 
For invisible element, calculate the power attenuation factor   
invisible element
visible element
reference element
scatterer

Figure 2 Illustration of visible probability approach
Proposal 2: The SI models the spatial non-stationary propagation characteristic via visible probability approach.
3 Conclusions
In this contribution, we analyse the near-field and spatial non-stationarity features and provide our views on the modelling methodology. Following observations and proposals are given:
Observation 1: The birth and death phenomenon for clusters can be observed along the large antenna array.
Proposal 1: The SI models the near-field propagation characteristic according to formulas 1, 2, and 3.
Proposal 2: The SI models the spatial non-stationary propagation characteristic via visible probability approach.


References
[1] [bookmark: _Ref158051922][bookmark: _Ref158132683]RP-234018, Study on channel modelling enhancements for 7-24GHz for NR, RAN #102, 11th – 15th December, 2023.
[2] [bookmark: _Ref162287336]https://quadriga-channel-model.de/#Download
[3] [bookmark: _Ref162288325][bookmark: _Ref157010277]R1-2402009, Considerations on the 7-24GHz channel model validation, RAN1#116b, Changsha, China, 15 – 19 April, 2024
8

image1.png
scatterer

AN

Far-field assumption ~ Near-field assumption




image2.png
t-bounce scatterer

Single-bounce

RX location
TX location

Cim
First-bounce scatterer

last-bounce scatterer




image3.png
Ant index

Path length




image4.png
luluunERRRRRRRRR





image5.png
luluunERRRRRRRRR





