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1 Introduction
The Rel-19 study items on “Study on channel modelling enhancements for 7 – 24 GHz for NR” is endorsed in RAN#102 [1]. The objectives for this SI are shown below:
	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 discuss channel model adaptation/extension of TR 38.901 [2] related aspects for Rel-19 channel model SI.
2 Antenna panel size
In the last RAN1 meeting, we agreed to discuss the method for determining the region for near-field channel modelling. Also, aperture size of the antenna array, which is the basis for determining the near-field region, is agreed. Here, the aperture size refers to the diagonal length of the panel front.
Table 1 shows examples of the aperture sizes of antenna arrays. An antenna array can represent the maximum size of its diagonal. However, according to our previous study [3] and discussions at RAN1, the size of the antenna array should take into account the dependence on the frequency band. Therefore, Table 1 provides the aperture size according to each maximum lambda scaling. Generally, the aperture size in indoor environments is smaller than in outdoor environments. That's why the scaling unit is different.
For outdoor scenarios, the decision of size should take into account both the feasibility of implementation and operation. For example, to implement a 7 GHz panel based on a 3.5 GHz Massive MIMO panel, increased number of antenna elements and PA can be applied to the same or slightly larger panel. Likewise, considering the 15 GHz or 24 GHz bands, the number of antenna elements and PAs applied to those panel increases significantly. However, it would be difficult to maintain the existing 3.5 GHz panel size during actual operation, so a smaller size may be required. Taking these circumstances into account, the scaling value of lambda needs to be determined accordingly.
Therefore, we would like to propose the following antenna array sizes."
· Up to 1 m, or less than 40  for UMa
· Up to 1 m, or less than 30  for UMi
· Up to 0.5 m, or less than 15  for InH


Table 1 – Example of aperture size of antenna array
	Frequency
	
(wavelength)
	Aperture size for UMa
	Aperture size for UMi
	Aperture size for Indoor

	
	
	< 20
	< 30
	< 40
	< 20
	< 30
	< 40
	< 10
	< 15 
	< 20

	3.5 GHz
	8.6 cm
	< 172 cm
	< 258 cm
	< 344 cm
	< 172 cm
	< 258 cm
	< 344 cm
	< 86 cm
	< 129 cm
	< 172 cm

	7 GHz
	4.3 cm
	< 86 cm
	< 129 cm
	< 172 cm
	< 86 cm
	< 129 cm
	< 172 cm
	< 43 cm
	< 64.5 cm
	< 86 cm

	15 GHz
	2.0 cm
	< 40 cm
	< 60 cm
	< 80 cm
	< 40 cm
	< 60 cm
	< 80 cm
	< 20 cm
	< 30 cm
	< 40 cm

	24 GHz
	1.2 cm
	< 24 cm
	< 36 cm
	< 48 cm
	< 24 cm
	< 36 cm
	< 48 cm
	< 12 cm
	< 18 cm
	< 24 cm



RAN1 consider the following aperture size of antenna array 
· Up to 1 m, and less than 40  for UMa
· Up to 1 m, and less than 30  for UMi
· Up to 0.5 m, and less than 15  for InH

3 Consideration for near-field region
3.1 Near-field region consideration
At the last RAN1 meeting, it was agreed that the the impact of the assumption of wavefront is only considered from the perspective of an antenna array and does not consider the near field of the antenna elements within the antenna array. Accordingly, the near-field region is expected to be defined based on the aperture size of the entire antenna array. 
One thing we want to discuss is about the actual antenna array used in the overall antenna array. Typically, the structure of an antenna array is mapped through port virtualization between a TXRU and a physical antenna array. The practical usability of the physical antenna element and the antenna array will depend on the implementation of this port virtualization. However, one thing to consider is that the actual combination of antenna elements and subarrays within an antenna array can vary depending on the application and situation. For example, in the evaluation of Rel-18 duplex study [4], various antenna configurations for a separate Tx/Rx antenna array model were assumed. Among them, there are cases where half or all of the total panels are used depending on the type of transmission slot. Another example is the antenna adaptation that turns on/off the antenna ports used in Rel-18 network energy saving [5]. In this context, the near-field region needs to be considered based on the actual antenna array used to reflect various applications and MIMO environments. 
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	[image: ]

	(a)
	(b)


Figure 1. Near-field region consideration according to antenna array
Figure 1 shows the near-field region consideration for each antenna array reflecting the aforementioned considerations in a single cell. As shown in Figure 1(a), the near-field region can be determined based on the total aperture size of the antenna array. However, as shown in Figure 1(b), if only some part of the antenna array is used while maintaining the position of the UE, there is ambiguity about how the boundary of the near-field region will be. If the channel between the BS and the UE is generated based on the size of the entire antenna array of the base station, it is necessary to discuss whether the near-field region of the corresponding BS remains unchanged regardless of the configuration of the actual antenna array being used, or changes.
1. The combination of antenna elements/subarrays actually used in the antenna array may change in real time, e.g., various antenna configurations were assumed in Rel-18 duplex study, and the antenna ports on/off in Rel-18 network energy saving.
RAN1 strives to reflect various applications and MIMO environments taking into account practical antenna array in near-field region
RAN1 discuss whether the near-field region of the corresponding base station remains unchanged regardless of the configuration of the actual antenna array being used

3.2 Near-/far-field condition for direct and non-direct path
Also, one of the agreements made in the previous meeting concerns the near-/far-field conditions between the BS and UE. For LOS paths, a three-dimensional (3D) BS-UE distance approach is employed. Large scale channel parameters such as pathloss, shadow fading, and O2I penetration loss are functions of distance and frequency; therefore, their definitions do not vary across field domains. Consequently, the abovementioned parameters reuse Section 7.4 defined in TR 38.901.
RAN1 reuse section 7.4 defined in TR 38.901 for the pathloss, shadow fading, O2I penetration loss

Another discussion topic pertains to the near-/far-field conditions associated with indirect paths. Indirect channels can be generated based on Section 7.5 of TR 38.901 as shown in Figure 2. According to Section 7.5, delays for each cluster are generated using delay spreads and Gaussian random variables, followed by power, azimuth/zenith angles based on predefined statistical values of respective channel parameters. Afterwards, rays within each cluster are produced using predefined offsets, then mapped via random coupling with each other. It is noteworthy that the method for generating indirect paths defined in TR 38.901 is not a function of distance. Determining whether these clusters/rays represent near-field clutter or far-field clutter is challenging. This is because it cannot be determined whether the generated cluster is close to the BS and far from the UE or a cluster that is far from the BS but close to the UE. Thus, before deciding the domain of non-direct paths, it is necessary to first verify through measurement/ray tracing whether the cluster generation method in the existing channel model is valid in the near-field domain. If it is discovered during verification that near-field clutter and far-field clutter have different effects, then methods for generating clusters based on distance can be discussed.

[image: ]
Figure 2. Example in the cluster generation procedure of TR 38.901 

1. The method for generating indirect paths defined in TR 38.901 is not a function of distance. It cannot be determined whether the generated cluster is close to the BS and far from the UE or a cluster that is far from the BS but close to the UE

On non-direct paths, criteria for cluster generation near-field regions and far-field regions is needed. Considering TRPs and UEs, there are ways to create only near-field clusters when UEs are in near-field regions, or only far-field clusters when they are in far-field regions. Alternatively, even if the UE is in the near-field region, both near-field and far-field clusters can affect to UE.
If near-field and far-field cluster generation is considered together (i.e., both near-field and far-field clusters can affect to UE), further discussion on cluster generation methods is required. In addition to the current clustering method, applying a distance function can be considered. However, this method requires verification considering distances between transmission points and clusters, and between clusters and UEs. Alternatively, an approximation of the current clustering method can be used. Each cluster initially calculates a delay, sorts them in ascending order, and classifies relatively short delays above a certain threshold as near-field clusters, and the rest as far-field clusters. However, this method lacks accuracy because it does not reflect cluster situations (i.e., consideration for delay and azimuth angle). After these consideration is finalization, we can discuss how to model channel parameter for the non-direct path taking into account antenna element-wise in antenna array.
Therefore, RAN1 needs to first discuss evaluating the impact of real clusters in near-field and far-field regions. Later, if there are any differences, criteria for determining near-field/far-field conditions for non-direct paths and methods for creating clusters in each region can be discussed.
RAN1 discuss whether the current cluster generation method of TR 38.901 is valid in the near-field region
RAN1 discuss the criteria for cluster generation only when it is necessary to generate near-field specific cluster
· Option 1: Clusters which is generated in a region affect either the near- or far-field region
· Option 2: Clusters which is generated in a region affect both the near- and far-field region
RAN1 discuss the methodology for cluster generation when it is necessary to generate near-field specific cluster

3.3 Channel parameter for direct-path in near-field region
In the last meetings, RAN1 agreed to discuss channel parameters of direct path between TRP and UE. Perhaps, the basic structure of the channel parameter for direct path will be reused from the existing channel modelling methodology but updated for changes that may occur in the near-field compared to the far-field. However, the finalization of modelling needs to be updated only with parameters verified through measurements and ray-tracing experiments.
Meanwhile, consideration of parameters based on the location of the antenna element of the TRP and the UE would be a reasonable direction. This is because the influence of each antenna element of the TRP on the UE varies depending on the location of the UE within the near-field region. The way to express this impact in channel modelling is to consider parameters according to each antenna element. In particular, updating the LOS angular domain parameter, 3D distance between the TRP's antenna element and the antenna element of the UE and spacing of antenna elements in array could be the starting point for discussion.
RAN1 strives to validate channel parameter updates for direct path through measurement and ray-tracing experiment
Consider to modelling method based on the location of the antenna element of the TRP and the UE with LOS angular domain, 3D distance and spacing of antenna element in array parameter updates

Another discussion point of interest is the field pattern of antenna arrays. During the last meeting, RAN1 came to a consensus not to factor in the near-field properties of separate antenna elements. Nevertheless, exploring the subject of analogue beams in arrays continues to hold significance. When considering an antenna array, it is necessary to confirm phase control for tilting analogue beams. In general, the propagation characteristics of an antenna array in the far-field region is a pattern multiplication form that include a weighting term called an array factor for each antenna element’s phase control to the propagation characteristics of an antenna element [6], [7]. Unlike the far-field region’s plane wave approximation, spherical waves in the near field region require consideration of both angle and distance. This is because not all antenna elements maintain the same angle with respect to the wave front in the near-field area. Therefore, it is necessary to validate the array factor for array operation along with the propagation characteristics of an antenna element.  
However, the existing channel models lack terms representing distinct phases of field patterns for each antenna element. Therefore, referring to [7], RAN1 needs to explicitly indicate the weighting vectors of each antenna element and consider modeling incorporating these factors. 
RAN1 consider the updates of channel parameter with weighting vector for antenna array  

	Configuration
	Multiple columns (NV x NH elements)

	
Composite Array radiation pattern in dB 
	

the steering matrix components are given by


the weighting factor is given by
 
M=1,2,…NH; n=1,2,…NV;_



4 Consideration for spatial non-stationarity
In the last RAN1 meeting, two options were agreed upon as candidates for modelling spatial non-stationarity. However, prior to full-fledged discussions on modelling, it is necessary to clarify when this phenomenon occurs. This is because clarifying the purpose of channel modelling can make it easier to determine the direction of the modelling.
Spatial non-stationarity’ means that the antenna elements or subarrays within the BS's whole antenna array experience different propagation environments. For instance, one end of an antenna element and/or subarray in whole antenna array may be in LOS status with the UE, while the opposite end of the whole antenna array is shadowed by obstacles and becomes NLOS status.
However, it seems this phenomenon occurs when a large-scale antenna array is introduced or the UE is close to the BS. Therefore, the occurrence condition of spatial non-stationarity depends on the configuration of the BS's antenna array and the distance between the BS and UE.
Based on this, we consider that it is important to clarify the conditions under when spatial non-stationarity occurs. In addition, discussions on how each antenna element within the BS whole antenna array determines its LOS state with the UE are needed. Finally, methods for generating and/or determining multipath clusters according to this phenomenon should also be discussed.
Observation 2 Spatial non-stationarity occurs when a large-scale antenna array in BS is introduced or the UE is very close to the BS. 
RAN1 discuss the condition of occurrence for spatial non-stationarity

5 Conclusion
1. The combination of antenna elements/subarrays actually used in the antenna array may change in real time, e.g., various antenna configurations were assumed in Rel-18 duplex study, and the antenna ports on/off in Rel-18 network energy saving.
1. The method for generating indirect paths defined in TR 38.901 is not a function of distance. It cannot be determined whether the generated cluster is close to the BS and far from the UE or a cluster that is far from the BS but close to the UE
Observation 5 Spatial non-stationarity occurs when a large-scale antenna array in BS is introduced or the UE is very close to the BS. 
1. RAN1 consider the following aperture size of antenna array 
· Up to 1 m, and less than 40  for UMa
· Up to 1 m, and less than 30  for UMi
· Up to 0.5 m, and less than 15  for InH
1. RAN1 strives to reflect various applications and MIMO environments taking into account practical antenna array in near-field region
1. RAN1 discuss whether the near-field region of the corresponding base station remains unchanged regardless of the configuration of the actual antenna array being used

1. RAN1 reuse section 7.4 defined in TR 38.901 for the pathloss, shadow fading, O2I penetration loss
RAN1 discuss whether the current cluster generation method of TR 38.901 is valid in the near-field region
RAN1 discuss the criteria for cluster generation only when it is necessary to generate near-field specific cluster
· Option 1: Clusters which is generated in a region affect either the near- or far-field region
· Option 2: Clusters which is generated in a region affect both the near- and far-field region
RAN1 discuss the methodology for cluster generation when it is necessary to generate near-field specific cluster
RAN1 strives to validate channel parameter updates for direct path through measurement and ray-tracing experiment
Consider to modelling method based on the location of the antenna element of the TRP and the UE with LOS angular domain, 3D distance and spacing of antenna element in array parameter updates
RAN1 consider the updates of channel parameter with weighting vector for antenna array  
1. RAN1 discuss the condition of occurrence for spatial non-stationarity
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Agreement on previous meetings
	RAN1#116bis

	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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