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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.
Extremely MIMO with large-scale antenna array is one of the promising wireless communication techniques. A significant study on the use of antenna arrays supporting extremely MIMO technology is understanding the field region (i.e., for the UE which is communicated with BS, where UE is located). In this context, near-field propagation is considered one of the major extension agenda for the channel model. In next section, therefore, we describe the detail the characteristics of the propagation field and the consideration for near-field propagation study in 3GPP channel model.
2 Near-field and Far-field
In electromagnetic (EM) theory, the field surrounding an antenna can be separated into three regions; namely, the reactive near-field, radiating near-field and the far-field [3]. Each field region can be described as below and figure 1
· Reactive near-field : portion of the near-field region immediately surrounding the antenna wherein the reactive field predominates
· Radiating near-field : region of the field of an antenna between reactive near-field region and the far-field region wherein radiation field predominate and wherein the angular field distribution is dependent upon the distance from the antenna
· Far-field : region of the field of an antenna where the angular field distribution is essentially independent of the distance from the antenna
 In figure 1, the following denotation is used:
· r is the distance between transmitting antenna (BS in figure 1) and receiving antenna (UE in figure 1), 
· D is the largest dimension of the antenna 
· λ is the wavelength. 
The boundary of each region can be approximated simply to obtain a closed-form solution of radio wave in the region, as shown in each boundary equation in Figure 1. To put it more detail, the boundary between near-field and far-field is approximated by . As mentioned above, the near-field is categorized into a reactive near-field, where energy propagation is not complete, and a radiating near-field that can exhibit propagation characteristics. The boundary between them is approximated as . The further detail of boundary conditions and derivation of equations between the near-field and far-field are explained in Appendix A. 
In the far-field region, antenna's angular distribution is independent of distance. Also, assuming that the strength of radio waves propagated from the antenna is uniformly formed, it is possible to approximate the spherical wave to a plane wave. Because of these features, plane waves have been widely used in most channel models and antenna array designs when the far-field assumption holds. 
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Figure 1 Field region of an antenna

 Meanwhile, an antenna element’s size can be smaller as the frequency increases. Thus, the overall size of the antenna array can also be reduced. In that case, discussions on field boundaries may not be significant issue. However, one of the technologies considered in extremely MIMO with large-scale antenna array is a form in which antenna elements of wavelengths corresponding to 7–24 GHz are arranged in the same dimension as the antenna array panel of the existing 5G (sub-6 GHz) system or even with a larger dimension instead of smaller one. Thus, the wavelength decreases as the frequency increases, but the panel’s dimension remains same or may increase. Therefore, the boundary between near-field and far-field can become longer. To explain this, Table 1 shows a simple example. In this example, it is assumed that the total antenna array (panel)’s dimension is the same at 25 cm / 50 cm / 80 cm for 3.5 GHz, 7 GHz and 15 GHz bands. For 24 GHz bands, the array panel’s size is considered to 10 cm / 20 considering deployed gNB in the field. The reference value of antenna dimension in 3.5 GHz was intended to take into account practical gNB antenna panel’s horizontal and vertical size. For 7 and 15 GHz, we assume same antenna dimension as 3.5 GHz to achieve similar radio coverage between bands.
[bookmark: _GoBack]Accordingly, the boundary at 7 GHz is about 2.9 m / 11.6 m / 30 m, while at 15 GHz it is 6.2 m / 25 m / 64 m. For 24 GHz, the boundary is about 1.6 m and 6.6 m. When calculating boundary between near-field and far-field region, ‘D’ reflects the largest dimension of the array. However, most configuration of antenna panels used in actual gNB are narrow horizontally and long vertically. In addition, UEs within a cell are mostly distributed in the horizontal area. Therefore, it is necessary to focus on the horizontal area when considering the boundary of the near-field area taking into account the practical BS antenna panel’s dimensions. Based on this, the frequency bands in interest can be 7 – 15 GHz and the main near-field boundary region will be in the range of 2.9 m to 25 m. On the other hand, at 24 GHz frequency bands, considering the FR2 dedicated antenna panel, the maximum size of the panel will be around 10 cm to 20 cm. From this, the near-field boundary will be about 1.6 to 6.6 m, so wide near-field region will not be formed.
As shown in Figure 2, assuming that the distance between the BS and the UE is fixed, a situation where the UE is located in the far-field region at 3.5 GHz band, but at 7–24 GHz band, it is located in the near-field region may occur.

Table 1 – Example of boundary between near-field and far-field when it comes to extremely large array
	Frequency
	D (Antenna dimension)
	 (wavelength)
	 (near-field boundary)

	3.5 GHz
	25 cm / 50 cm / 80 cm
	8.6 cm
	1.5 m / 5.8 m / 15 m

	7 GHz
	25 cm / 50 cm / 80 cm
	4.3 cm
	2.9 m / 11.6 m / 30 m

	15 GHz
	25 cm / 50 cm / 80 cm
	2.0 cm
	6.2 m / 25 m / 64 m

	24 GHz
	10 cm / 20 cm
	1.2 cm
	1.6 m / 6.6 m
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Figure 2 Example of boundary between near-field and far-field according to frequency band
Then for the EM field, as mentioned above, the near-field is classified into reactive and radiating near-field according to the boundary conditions based on distance. For reactive near-field, namely the energy is stored rather than propagated, and it is difficult to define propagation properties since the relationship of electric field and magnetic field is unpredictable. So, if we consider the near-field communication, then the region will be radiating near-field region. However, although the energy can be propagated in the radiating near-field region, the propagation characteristics will be changed depending on the location (e.g., location of UE which is communicated with BS) which could be different with far-field region. Then, RAN1 need to consider how the characteristics will impact, and the one possible way is the consideration of spherical wave rather than plane wave in some cases.
Based on the description provided above, we can derive the following observations and proposals

Observation 1 The field surrounding an antenna can be separated into three regions: reactive (stored) near-field, radiating near-field, and far-field
Observation 2 The boundary condition between near-field and far-field depends on frequency and distance between transmitter and receiver
Observation 3 Considering the actual vertical/horizontal configuration of the BS antenna panel and cell cover area of the BS, it is more reasonable to calculate based on the horizontal dimension rather than the vertical dimension. If the near-field boundary is calculated based on this, the frequency band of interest will be 7 - 15 GHz, and the main near-field region will be within around 2.9 - 25 m.
Observation 4 The practical antenna panel’s size of the 24 GHz frequency bands is unlikely to be as large as the low frequency bands, so it is not major concern of near-field studies.
RAN1 studies the boundary condition for near-field and far-field with taking into account frequency and distance between BS and UE
RAN1 discuss the condition when near-field propagation is considered and when far-field propagation is considered
RAN1 study whether/how to define spherical wave in 3GPP channel model

3 Consideration for near-field propagation
Almost all the channel parameters in existing 3GPP channel model are defined based on plane wave in far-field region assumption. If the spherical wave is considered in near-field propagation study, the existing parameters need to be validated and modified.

Antenna modelling
In TR 38.901, the BS antenna is defined by a uniform rectangular panel array, comprising  panels, with  being the number of panels in a column and  being the number of panels in a row as shown in Figure 3. On each antenna panel, antenna element are arranged, where N is the number of columns, M is the number of antenna elements with the same polarization in each column. In addition, the antenna panel can be configured for either single polarized or dual polarized. Based on the BS antenna configuration, 3GPP channel model support the path for each antenna element.
[image: ]
Figure 3. Cross-polarized panel array antenna model based on TR 38.901

The radiation power pattern of a single antenna element is defined as shown in Table 2. The basic assumption of radiation power pattern in 3GPP channel model is pre-defined modelling based on plane wave in far-field region. However, when we consider near-field propagation, the current power pattern cannot be used directly since it is difficult to guarantee of the plane wave. In the near-field region, the propagation characteristics from an antenna element will be changed according to distance, so radiation power pattern can be changed, as well. 
Furthermore, 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 [3], [4]. As discussed above, 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.
Table 2 - Radiation power pattern of a single antenna element based on TR 38.901
	Parameter
	Values

	Vertical cut of the radiation power pattern (dB)
	 with 


	Horizontal cut of the radiation power pattern (dB)
	 with 


	3D radiation power pattern (dB)
	

	Maximum directional gain of an antenna element 
	8 dBi



In addition, the 3GPP channel model also considers dual-polarization. If the propagation characteristics vary depending on the distance, it may be difficult to guarantee that the assumed polarization characteristics are always presented at that location. In the end, antenna modeling need to calculate the field pattern (based on 7.3.1 and 7.3.2 in TR 38.901) and apply it to each path for channel generation. Thus, when considering near-field based on the modeling method defined in TR 38.901, the consideration of the validation and modification of legacy antenna modeling is necessary.

Observation 5 The antenna modelling of the 3GPP channel model considers multi-panel configuration, antenna array in a panel and dual-polarization.
Observation 6 In current antenna modelling, the radiation power pattern of a single antenna element takes into account the plane wave in the far-field region.
Observation 7 If near-field is considered, existing radiation power pattern of a single antenna element or the array as well as field pattern generation may not hold.
Observation 8 If near-field is considered, the propagation characteristics of the antenna array may different with plane wave in the far-field region assumption. 
RAN1 studies whether the current antenna modelling in TR 38.901 is valid or not in near-field region

Multipath components modelling
The environment of multipath in the current 3GPP channel model is generated based on large-scale and small-scale parameter taking into account the location of BS and UE. For more specific, the multipath environment is represented to rays in generated clusters. These clusters are created based on the location and LOS status of the BS and UE according to the channel coefficient generation procedure in clause 7.5 and Table 7.5-6 in TR 38.901.
With the above background as a basis, there is one notable phenomenon in MIMO systems including large-scale antenna arrays and near-field region called ‘spatial non-stationarity’. This 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 9 Spatial non-stationarity occurs when a large-scale antenna array in BS is introduced or the UE is very close to the BS. Therefore, RAN1 need to clarify the conditions under when spatial non-stationarity is considered, first. And then, the details can be discussed
RAN1 discuss the condition of occurrence for spatial non-stationarity

4 Conclusion
1. The field surrounding an antenna can be separated into three regions: reactive (stored) near-field, radiating near-field, and far-field
1. The boundary condition between near-field and far-field depends on frequency and distance between transmitter and receiver
1. Considering the actual vertical/horizontal configuration of the BS antenna panel and cell cover area of the BS, it is more reasonable to calculate based on the horizontal dimension rather than the vertical dimension. If the near-field boundary is calculated based on this, the frequency band of interest will be 7 - 15 GHz, and the main near-field region will be within around 2.9 - 25 m.
1. The practical antenna panel’s size of the 24 GHz frequency bands is unlikely to be as large as the low frequency bands, so it is not major concern of near-field studies.
1. RAN1 studies the boundary condition for near-field and far-field with taking into account frequency and distance between BS and UE
RAN1 discuss the condition when near-field propagation is considered and when far-field propagation is considered
RAN1 study whether/how to define spherical wave in 3GPP channel model
1. The antenna modelling of the 3GPP channel model considers multi-panel configuration, antenna array in a panel and dual-polarization.
1. In current antenna modelling, the radiation power pattern of a single antenna element takes into account the plane wave in the far-field region.
1. If near-field is being studied, existing radiation power pattern of a single antenna element or the array as well as field pattern generation may not hold.
1. If near-field is considered, the propagation characteristics of the antenna array may different with plane wave in the far-field region assumption. 
RAN1 studies whether the current antenna modelling in TR 38.901 is valid or not in near-field region
1. Spatial non-stationarity occurs when a large-scale antenna array in BS is introduced or the UE is very close to the BS. Therefore, RAN1 need to clarify the conditions under when spatial non-stationarity is considered, first. And then, the details can be discussed
RAN1 discuss the condition of occurrence for spatial non-stationarity
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Appendix A. Field region separation
Based on [3] and Figure A.1, the region (near-field and far-field) separation is explained 
The potential vector of single antenna can be written as below:

Where

If very thin antenna (e.g., dipole) of finite length l is symmetrically positioned about the origin with its length desired along the z-axis, and (x’ = y’ = 0) as shown in Figure A.1(a).


Which when expanded can be written as

Where



Using the binomial expansion, the equation can write in a series as



The most convenient simplification of the above equation, other than , will be to approximate it by its first two terms, or 

The most significant neglected term on the above binomial expansion equation is the third whose maximum values is


When it attains its maximum value, the fourth term of expansion equation vanishes because  (i.e., ). It can be shown that the higher order terms also vanish. Therefore approximating ‘’ introduces a maximum error.
It has been shown in numerous examples that for most practical antennas, with overall lengths greater than a wavelength (), a maximum total phase error of  rad (22.5o) is not very detrimental in the analytical formula [3]. Then, the maximum phase error should always be 

Where k is the wave number (). 
Which for  reduces to

It simply states that to maintain the maximum phase error of an antenna equal or to less than  rad (22.5o), the observation distance r must equal or greater than  where l is the largest dimension of the antenna structure. These simplification are designated as the far-field approximations and are usually denoted in the literature as 
Far field approximations


For , where  is the angle measured from z-axis, the radial vectors R and r must be parallel to each other. For any other antenna whose maximum dimension is D, the far-field approximation; Fraunhofer region (Figure A.1(b)). is valid provided the observations are made at a distance
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	(a) Antenna geometry
	(b) Far-field approximations


Figure A.1. Far-field approximations

If the observations point is chosen to be smaller than , the maximum phase error by the far-field approximation is greater than  rad (22.5o) which may be undesirable in many applications. If it is necessary to choose observation distances smaller than , another term (the third) in the series of binomial expansion must be retained to maintain a maximum phase error of  rad (22.5o). Then, it can be approximated by


The most significant term that we are neglecting from the series of binomial expansion is the fourth. To find the maximum phase error introduced by the omission of the next most significant term, the angle  at which this occurs must be found. To do this, the neglected term is differentiated with respect to  and the result is set equal to zero. Thus,

 
The angle θ = 0 is not chosen as a solution because for that value the fourth term is equal to zero. In other words, θ = 0 gives the minimum error. The maximum error occurs when the second term vanishes; that is when


Or

If the maximum phase error is allowed to be equal or less than  rad, the distance r at which this occurs can be found from 

Which reduces to

Or

A value of r greater than  will lead to an error less than  rad. Thus the region where the first three terms are significant, and the omission of the fourth introduces a maximum phase error of  rad, is defined by


where l is the length of the antenna. This region is designated as radiating near-field because the radiating power density is greater than the reactive power density and the field pattern (its shape) is a function of the radial distance r. This region is
also called the Fresnel region because the field expressions in this region reduce to Fresnel integrals.
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