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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]A new study item of channel modeling at least for new spectrum (7-24GHz) has been approved in RAN #102 [1], in which the objectives of the study for new spectrum (7-24GHz) are 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 contribution, we express our views on channel modeling at least for new spectrum (7-24GHz) and propose the work plan which contains the mathematical and theoretical analysis, the detailed methodology of channel modeling, experimentation with the validation, and modification and extension from TR38.901.
This contribution can be mainly summarized to two parts, relevant to the mathematical and theoretical analysis, and channel modeling. The detailed contents are listed as follows:
	Discussion Points
	Contents

	Mathematical and theoretical analysis
	· Analysis on CAP antennas and SPD antennas.
· Definition of near-field and far-field region.
· Analysis on electromagnetic field.
· Definition of the channel link between transmit and receive elements.
· Analysis on spatial non-stationarity.
· Effect on cross-polarization.

	Channel modeling
	· Fast fading model, including
· Scatterer location design
· Spatial non-stationary
· Characteristics of angles
· Geometry-type phases
· Spatial consistency



[bookmark: _Hlk154484900]Work Plan
[bookmark: _Hlk161301700][bookmark: _Hlk161302073]As indicated in the SI [1], mathematical and/or theoretical aspects should be studied before results of measurement campaigns are available. Particularly, it is truly important for channel modeling in the circumstances of near-field, that can guideline us how to precisely model a wireless channel and how to launch a corresponding experiment campaign for validation. To this end, we classify the work plan into four parts which facilitates the completion of the SI within Rel-19 timeframe.
· Part-1: Mathematical and theoretical analysis for near-field and far-field channel, e.g.,
· Analysis on continuous-aperture (CAP) antennas and spatially-discrete (SPD) antennas,
· Definition of near-field and far-field region,
· Analysis on electromagnetic field,
· Definition of the channel link between transmit and receive elements,
· Analysis on spatial non-stationarity,
· Effect on cross-polarization.
· Part-2: Channel modeling, e.g.,
· Scatterer location design,
· Spatial non-stationary,
· Characteristics of angles in terms of angles of arrival and departure,
· Geometry-type phase due to the unparallel distance vector,
· Spatial consistency.
· [bookmark: _Hlk161302229]Part-3: Experiment campaign, e.g.,
· Determine whether a matrix of mutual coupling between the array elements is necessary,
· Determine a mechanism to tackle the issue of spatial non-stationarity,
· Determine the effect on cross-polarization.
· Part-4: Modification and extension of TR38.901 based on the outcomes during the studies, e.g.,
· Modify the formulas of the electric and magnetic field intensities based on TR38.901,
· Calibrate the channel model based on TR38.901 between different proponents.
[bookmark: _Ref144463507]RAN1 studies on a channel model, in consideration of the work plan with Part-1, Par-2, part-3 and Part-4, as a starting point.

The timeline of work plan on channel modeling at least for 7-24 GHz in Rel-19 is depicted in Figure 1, detailed as
· The mathematical and/or theoretical analysis, as scoped in Part-1, should be started in the meeting of RAN1#116b, and ended up within four meetings. Relying on this, we may find out a mechanism which can unify the channel modeling between near-field and far-filed. The detailed description will be conducted in Section 3.
· According to the outcomes of the mathematical and/or theoretical analysis, as scoped in Part-2, the channel modeling can be designed in consideration of large-scale and small-scale, mobility and spatial consistency, cross-polarization, and so forth. The detailed description will be conducted in Section 4.
· The experiment campaign should be launched in Q3, RAN1 #118, as scoped in Part-3, so as to give enough time to the proponents for their preparations. The calibration of the simulators developed by different proponents can be completed within three meetings, before the release finished. The detailed realization including its realistic necessity in RAN1 will be discussed in the future coming meeting according to the outcomes from the first two meetings.
· The TR skeleton can be discussed in the meeting of RAN1#116b and should be completed within two meetings. The modification and extension on TR38.901 should be started in Q4, RAN1 #119, and processed through agreeable CRs. The detailed mechanism will be discussed in the future coming meeting.
[image: ]
[bookmark: _Ref161299627]Figure 1: Timeline of channel modelling at least for the spectrum of 7-24GHz.

[bookmark: _Ref161302765]Mathematical and Theoretical Analysis
In this section, we mathematically and theoretically analyze the electromagnetic field based on the foundations of Maxwell’s equations and the antenna theory. The motivation of the analysis is to demonstrate the appropriate mechanism and model a wireless channel under the circumstances of near-field. Accordingly, a unified channel model can be designed for both near-field and far-field, relying on the legacy channel model defined in TR38.901.
[bookmark: _Ref161311885]CAP Antenna versus SPD Antenna
As the transceiver types, the transmit antenna can be classified into continuous-aperture (CAP) antennas and spatially-discrete (SPD) antennas. For CAP antennas, it offers high power efficiency, but yields the large sidelobes and faces the difficulty in scanning (i.e., less spatial multiplexing gain). The CAP antennas can be realized by continuous aperture “dish” antennas, directional lens antennas, and so forth [2]. The near-field channel model for CAP antennas can be generated by a Greem’s function [3], for instance.
For SPD antennas, on the other hand, a set of multiple connected antenna elements works together as a single antenna, to transmit or receive radio waves, generally denoted as an array antenna (or antenna array). The channel models for array antenna in far-field are well defined in TR38.901, mainly deployed for the evaluation of MIMO systems. Similarly, the near-field spherical-wave-based channel models can be introduced for massive MIMO systems as well. It should be noted that as the number of elements increases in a fixed-length array, the source approaches a continuous distribution. In the limit, the array factor summation reduces to an integral, and thus, the array antenna approximately becomes to CAP antenna.
There are at least five essential control-factor that can be used to shape and orientate the overall pattern of the antenna. These are:
· The geometrical configuration of the overall array (linear, circular, rectangular, spherical, etc.)
· The relative displacement between the elements
· The excitation amplitude of the individual elements
· The excitation phase of the individual elements
· The relative pattern of the individual elements with the current distribution.
It can be observed that only the first control-factor is available for CAP, behaving less flexibility for shaping and orientating the pattern of the antenna. For SPD array antenna, however, all the control-factors can be utilized to adjust the antenna pattern and orientation with much higher flexibility. Those additional control-factors behaved in array antenna aim at harvesting the MIMO gain in most wireless communications. This is why 3GPP organization has emphasized the studies on the MIMO feature since LTE Rel-8 and already earned a lot of benefits. Therefore, 3GPP channel modeling should focus on SPD antenna other than CAP antenna.
[bookmark: _Ref163052097]SPD antenna has more essential control-factors to adjust the antenna pattern and orientation and behaves more flexibility than CAP antenna.
[bookmark: _Ref163052157]3GPP channel modeling should focus on SPD antenna other than CAP antenna.

[bookmark: _Ref161322898][bookmark: _Ref162712525]Definition of Near-field and Far-field Regions
Academically, the electromagnetic field is divided into two field regions dependent on the distance between the transmit device and the receive device; one is the near-field region, and the other is the far-field region. The near-field region is further classified into the reactive near-field region and the radiating near-field region, as illustrated in Figure 2.
[image: ]
[bookmark: _Ref156321222]Figure 2: Definition of near-field and far-field regions.
The boundaries to classify the different field regions are determined by using the binomial expansion of the distance  between the origin source point to the observation point, in consideration of the maximum tolerant phase error of  [2]. The derived distances of boundaries, in general, are defined as Fresnel distance, , and Rayleigh distance, , respectively expressed as
,	             and                .
Those two distances result in three field regions, summarized as
· Reactive near-field region:						
· Radiating near-field region (Fresnel):	
· Far-field region (Fraunhofer):				
From the perspective of channel modeling, however, we need to identify whether those regions are necessary if the unified channel modeling between near-field and far-field is under the consideration in Rel-19 framework. To this end, we conduct a link-level simulation with the assumptions as follows:
· 16×16 array-antenna with the element spacing of , placed over the - plan.
·  is the distance from the origin and the observation point, orientated to the direction with the zenith angle  and the azimuth angle .
This results in that the Fresnel distance is  and Rayleigh distance is , and the reactive near-field region is  and the radiating near-field region is .
Figure 3 demonstrates the normalized 2D-power density (i.e., normalized by the maximum radiation intensity observed in far-field) as a function of angle of departure (AoD), in the various values of the distance . From the results, two observations can be made as follows:
· The Rayleigh distance is about , which is much less than  theoretically calculated by . This is because once the distance  is larger than , the pattern of the normalized power density is almost identical to the pattern observed in the far-filed region, e.g., . Therefore, it can be inferred that the realistic far-filed boundary should be scaled by a factor of 1/5, as opposed to the theoretically defined Rayleigh distance, .
· Once the distance  is less than , the radian pattern cannot be focused on the orientated point, and its power density is uniformly distributed over the entire angles, and its real power density almost diminishes. This implies that the reactive near-field region is , which is also smaller than the region theoretically defined by Fresnel distance (i.e., ). Therefore, it can be inferred that the realistic radiating boundary in the near-filed should be scaled by a factor of 1/2, as opposed to the theoretically defined Fresnel distance, .
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[bookmark: _Ref161307831]Figure 3: Antenna patterns in near-field and far-field regions.

[bookmark: _Ref163052099]The distance between transmit antenna and observation point affecting far-field should be scaled by a factor of 1/5, as opposed to Rayleigh distance, and the distance between transmit antenna and observation point affecting radiating near-field should be scaled by a factor of 1/2, as opposed to Fresnel distance.
[bookmark: _Ref163052159]RAN1 should not consider both Fresnel and Rayleigh distances for near-field and far-field boundaries in channel modeling at least for 7-24 GHz.

Some fixed services bands such as 15GHz for the space research service have wide center gaps that might be worth exploring to assess their ability to support other services [4][5]. Few examples have been identified where sharing between IMT and the fixed satellite service is feasible. Co-frequency co-coverage sharing is not feasible. WRC-23 agenda items indicate more extensive use of satellite bands and future satellite focus will be on more intensive /efficient use mainly through NGSO systems, ESIMs and Earth observation satellites.
Using the antenna configurations as applied in Figure 3 with the frequency band of 15GHz, we can theoretically calculate the wave length , and Rayleigh distance, , with the explicit meter metrics of  m, and  m. If considering the scaling factor for the Rayleigh distance, the realistic near-field distance is less than 1m, and such a phenomenon in the cellular system (e.g., UMa, UMi, RMa) never appears.
[bookmark: _Ref163052101]With a typical deployment band, such as 15GHz, the phenomenon of the near-filed in the outdoor (e.g., UMa, UMi, RMa) never appears.
[bookmark: _Ref163052163]The near-filed study in RAN1 focuses on the indoor deployment scenario.

[bookmark: _Ref161324497][bookmark: _Ref162719831]Analysis on Electromagnetic Field
Before analyzing the effects of electromagnetic field, a fundamental question should be raised that whether channel modeling at least for 7-24 GHz needs to be classified into near-field one and far-field one. If the answer is negative, then the question following up is how the wireless channel can be modeled with the consistency between near-field and far-field, namely, realizing a unified channel modeling.
According to the analysis elaborated in the Annex in Section 6, we can conclude that the continuous aperture antenna, such as dipole antenna, may incur both near-field and far-field phenomena. In the near-field, the electromagnetic field intensity cannot be radiated due to its zero power-factor, while in the far-field, the electromagnetic field intensity can be properly radiated, and the total field of the antenna can be equal to the product of the element and space factors.
As we discussed in Section 3.1, we believe that 3GPP channel modeling should focus on SPD array antenna other than CAP antenna. The array antenna is formed by a set of multiple connected antenna elements who are interactively working together. If the electromagnetic field from each element affects the near field phenomena, the communications with any solutions cannot be realized. To ensure the proper radiation conditions, at least the electromagnetic field from each element should be a far-field. However, the composed array antenna may be affected in either near-field or far-field, and how to resolve the issue on near-field is up to RAN1 solution.
For example, if we put two continuous aperture elements together with a certain spacing, the entire aperture dimension formed by two elements may or may not fall into the near-field even the electromagnetic field from each element belongs to a far field.
Figure 4 illustrates the relation between near-field and far-field by comparison between continuous aperture antenna and discrete array antenna, assuming both antennae have the same antenna dimension. In Figure 4 (a), the antenna aperture dimension is large as opposed to the range from the antenna to the focal point, resulting in the near-field phenomena. In Figure 4 (b), the antenna aperture dimension for each element is small as opposed to the range from the antenna element to the focal point, resulting in the far-field phenomena if assuming no mutual coupling between the elements (refer to the Annex in Section 6). However, once all the elements work together to form a beam, the interacted electromagnetic field possibly becomes a near-filed if the antenna aperture of multiple connected antenna elements is large enough.
[image: ]
[bookmark: _Ref156321913]Figure 4: Characteristics of continuous aperture antenna and discrete array antenna.
[bookmark: _Ref163052107]The continuous aperture antenna in Figure 4 (a): the receiver in the focal point observes the radiated field that behaves as the near-field from the continuous aperture antenna.
[bookmark: _Ref163052108]The discrete array antenna in Figure 4 (b): the receiver in the focal point observes the radiated field that behaves as the far-field from each array element, while observes the radiated field that behaves as the near-field from overall array antenna.

The near-field and far-field regions also can be illustrated with the minimum communication range, from the perspectives of each antenna element with the antenna aperture of  as well as the perspective of each array antenna containing multiple antenna elements with the antenna aperture of , as depicted in Figure 5, where  and two near-fields are defined for the antenna element and the array antenna, respectively. It implies that for channel modeling, the minimum communication range should not be smaller than , or  if considering the region scaling factor of 1/5, inferred in Section 3.2.
[image: ]
[bookmark: _Ref156323535]Figure 5: Determination of field region from the perspectives of antenna element and array antenna.

[bookmark: _Ref163052110]For channel modeling, in reality, the minimum communication range is larger than , or  if considering the region scaling factor of 1/5.
[bookmark: _Ref163052165]RAN1 considers, the radiated field received in an observation point always behaves as the far-field from the perspective of each element, while the radiated field behaves as either the near-field or the far-field from the perspective of overall array antenna.

[bookmark: _Ref162774685]Definition of Channel Link
The main task for channel modelling is to design the channel link between the transmit and receive elements. As defined in TR 38.901, such a link is formed by multiple clusters (or paths), and each of cluster is further composed of multiple rays. As discussed in Section 3.3, it is believed that the channel links associated with the different pairs of the transmit and receive elements are independent of each other. In addition, the mutual coupling between the elements is negligible if the space between neighbor elements . It is worth noting that the antenna mutual coupling is an implementation specific aspect and does not need to be considered in the 3GPP standard. Thus, the channel modeling for each channel link can be individually modeled. As exemplified in Figure 6, Link-1 can be independently modeled from Link-2, regardless of near-field and far-field regions. 
[image: ]
[bookmark: _Ref156323539]Figure 6: Definition of independent channel link between transmit and receive elements.

[bookmark: _Ref163052112]The wireless channel link between the transmit and receive elements can be independently modeled if the mutual coupling between the elements is negligible.
[bookmark: _Ref163052170]The channel links paired by different transmit antenna and receive antenna elements should be independently modeled regardless of near-field and far-field regions.

Thanks to the unparallel and independent channel links, the angle of departure (AoD) and the angle of arrival (AoA) for each channel link can be individually modelled. In case that the transmit antenna array is placed over the - plan, the electric field intensity will be radiated from the -th transmit element at the origin of the coordinate  and received by the -th receive element at the observation point , as exemplified in Figure 7.
[image: ]
[bookmark: _Ref156324080]Figure 7: The radiation range vector between paired transmit element and receive element.

Based on the derivation in the far-field region (refer to the Annex in Section 6), the vector of electric-field intensity can be expressed as

[bookmark: _Ref156326681]Eq. 1
where  is the vector of the electric field intensity that an array element located at the origin of the coordinate system for both transmit and receive antenna elements (refer to the formula for the electric field intensity of the far-field in Annex, Section 6), and ,  and  are the vectors of the ranges, respectively from the center of the transmit array antenna with the coordinate of  to the center of the receive array antenna, from the center of the transmit array antenna to the -th transmit element with the coordinate of , and from the center of the receive array antenna to the -th receive element with the coordinate of . Thus, it yields the vector of range from the -th transmit element to the -th receive element, expressed by . 
Consequently, by modeling a unified distance between the paired antenna elements in both near-filed and far-filed, we can simply reuse the channel model defined in TR38.901 to derive the vector of electric field intensity, by replacing  to be .
It is worth noting that when  is much larger than  and , the term of  in the distance vector vanishes, and the filed becomes a far-filed. Therefore, RAN1 does not seriously consider the consistency between near-field and far-field in channel modeling, and whether the filed belongs to a near-field or a far-field is up to RAN1 solution.
[bookmark: _Ref163052172]RAN1 reuses the channel model defined in TR38.901, by considering a unified distance and replacing .
[bookmark: _Ref163052174]RAN1 does not consider the consistency between near-field and far-field in channel modeling.

According to the definition of the electromagnetic field intensity from the perspective of amplitude, it is believed that the distance between the transmit and the receive elements can be approximated to be . This is because in theory, with a limited difference between the links, the levels of the amplitude in the radiating near-field do not vary too much, and the distribution of amplitudes can be uniformly modeled [2]. This implies that the Eq. 1 of the electric field intensity radiated from the -th transmit antenna element and received by the -th receive antenna element can be approximated as

It is worth noting that the motivation to approximate the Eq. 1 is to reduce the complexity and the burden in each link calculation, so that the new channel modeling only needs to be focused on the phase modification other than the amplitude. In other words, the pathloss measured in near-field is approximately identical to that in far-filed. Nevertheless, this approximation should be validated by the experimentation.
Furthermore, this approximation may affect the point shifting of focused power at the focal point when we consider designing a solution with conjugate-phase approach for massive MIMO, for instance. This is because with the electric field spreading factor of , the peak of the radiated power density, in general, does not occur at the focal point where all field-intensity contributions sum in phase, and instead, it is located at a point between the antenna aperture and the focal point.
The detailed channel modeling regarding the clusters and rays of each channel link will be discussed in Section 4.
[bookmark: _Ref163052176]RAN1 validates the approximation of the distance between the transmit element and the receive element from the amplitude perspective in near-filed, i.e., .

Analysis on Spatial Non-stationarity
[bookmark: _Hlk163052221]With the deployment of massive antenna arrays or even extremely largescale antenna arrays systems, the part of transmit antenna elements may be blocked by object(s) under the assumption of near-field where the observation point or the receive antenna is close enough to the transmit antenna. Since an extremely largescale antenna array system is equipped with a large antenna aperture, its antenna elements at different spatial positions have different propagation environment and behave different channel multipath characteristics, which is so-called spatial non-stationarity [7]. It is due to the fact that objects with limited sizes in the propagation environment might no longer serve as complete scatterers for the entire array with such a large aperture, or objects with limited sizes might not completely block the entire array.
As exemplified in Figure 8, spatial non-stationary phenomenon occurs when the part of the propagation paths from antenna array elements is blocked by an object (e.g., LOS ray and Cluster #1), or the power of the scattered signal for the cluster focuses on a portion of the antenna array (e.g., Cluster #2). In channel modeling at least for 7-24 GHz, the wavelength shrinks to 12mm~42mm, the spatial non-stationary phenomenon for large-scale antenna arrays become particularly noticeable, especially at the TRP side, due to the larger antenna array in practice. At the UE side, however, since the antenna aperture is small enough in general, it is not necessary to consider the spatial non-stationarity, but only the spatial consistency needs to be considered in case of the correlation of nearby UEs is under the consideration, as elaborated in TR 38.901. 
[bookmark: _Ref163052116]For largescale antenna array, different parts of the array observed in near-field may have different propagation environment and behaves the different channel multipath characteristics.
[bookmark: _Ref163052118]Due to the larger antenna array at TRP side, spatial non-stationary characteristics are more likely to be observed in near-field.

For spatial non-stationary, it could be simplified by modeling the visibility of cluster or ray. When the -th cluster or ray can be observed by the -th antenna array element, the cluster or ray is visible for that antenna element, simply expressed as

This implies that to model the visibility of cluster or ray towards the entire array, a matrix only with 0 or 1 of element could be introduced, associated with the paired link between the transmit and receive elements.
[image: ]
[bookmark: _Ref144287486][bookmark: _Ref144463582]Figure 8: An example of the spatial non-stationarity at least for 7-24 GHz channel model.
[bookmark: _Ref163052180]In channel modeling at least for 7-24 GHz, the study of spatial non-stationarity is mainly focused on the TRP side.
[bookmark: _Ref163052182]The modeling of spatial non-stationarity should be considered in both LOS ray and NLOS cluster.
[bookmark: _Ref163052183]RAN1 studies a matrix with 0 or 1 of element to model the visibility of cluster or ray towards the entire array, as a starting point.

[bookmark: _Ref162774690]Effects on Cross-Polarization
According to Malus's law, assuming the LOS MIMO channel matrix for cross-polarization with  transmit antennas and  receive antennas is

where  is the LOS channel matrix for an  MIMO system with co-polarized antennas.
Assuming that the transmit elements are rotated at an angle  compared with the receive antenna, then, according to Malus's law, the elements of the vectors , ,  and  are


Thus, a cross-polarized MIMO channel between the -th transmit element and the -th receive element can be expressed as

where  is the distance between the -th transmit element and the -th receive element, and and  are antenna gains indicating field patterns of the receive and transmit elements, respectively. It is worth noting that using the notations of the indices  and  to express the transmit and receive antenna elements is to synchronize the notations in TR38.901.
To further understand the characteristic of cross-polarization in near-field, we consider a dipole cross-polarization in the electromagnetic field, as illustrated in Figure 9, where the polarization loss factor (PLF) depends on , , and , and ,  and  are the orientations of the -th transmit and the -th receive dipole elements,  is the distance vector from the center of transmit array antenna to the center of receive array antenna, and  and  are the position vector of the -th transmit dipole element and the position vector of the -th receive dipole element, respectively.
[image: ]
[bookmark: _Ref161332564]Figure 9: Dipole cross-polarization in the electromagnetic field with both transmitter and receiver.
In case of near-field, in general, , or , and , but

due to the difference of element position in both transmit and receive antennas, i.e.,  and .
This implies that the PLFs between different paired antenna elements should be spatially differentiated in near-field communication, i.e.,

where  or , and  or .
[bookmark: _Ref163052123]PLFs between different paired antenna elements be spatially different in near-field.

As referred to the article [6], the polarized channel between the transmitter and the receiver comprises three terms:
· the unpolarized channel due to free-space pathloss and propagation delay,
· the normalized field patterns of the transmit and receive antennas, and
· the inner product between the receive dipole direction and the impinging electric field.
All these terms vary spatially in near-field communication. As a result, the composite of these three effects must be computed between the individual transmit antenna element and the receive antenna element so as to precisely obtain the channel coefficients. If assuming the PLF between -th transmit antenna element and the -th receive antenna elements is , then the polarized channel between the -th transmit antenna element oriented along  and the -th receive antenna element oriented along  is

where  and  are the normalized field patterns of the -th transmit antenna element and the -th receive antenna element, respectively, and  is the unpolarized channel between the -th transmit antenna element and the -th receive antenna element, defined by

and


[bookmark: _Hlk163051058]Therefore, we need to identify a mechanism to tackle the issue of cross-polarization from the perspective of channel modeling. For each link, we believe that the channel modeling under the assumption of the cross-polarization can be realized based on TR38.901, with somewhat modifications, e.g., defining the individual AoD and AoA for each channel link. As illustrated in Figure 9, the angular displacement of  between the two pairs of unit vectors (i.e., the unit vector of  and the unit vector of ) can be used to replace the same angular parameter formulated in the equation of (7.1-12), TR 38.901. This means that to capture the characteristics of cross polarization between the transmit and the receive antenna elements, we only need to modify the field patterns of transmit and receive antenna elements. The detailed description of how to modify the channel component of cross-polarization will be conducted in Section 4.1.3.
[bookmark: _Ref163052185]RAN1 studies the impact on the cross-polarization in near-filed.

[bookmark: _Ref161302966][bookmark: _Ref161334049]Channel Modeling
For channel modeling in TR 38.901, only the far-field is considered. Due to the large wavelength of the carrier frequency or the small antenna array size, the near-field regions are small in FR1 and FR2, which can be ignored in the system evaluation. However, the near-field regions are become big enough in the frequency range of 7-24GHz. If the channel model still considered in far-field only, the propagation characteristics in near-field, e.g., spherical wave and spatial non-stationarity, cannot be completely simulated, which may affect the performance of potential technical solutions. Therefore, it is necessary to consider the near-field propagation characteristics in channel model. 
Theoretically, some UEs in the frequency range of 7-24GHz may observe a near-field and others may observe the far-field, dependent on the locations of the UEs. If the newly designed near-field channel modeling is only used for the UEs in the near-field regions, and the channel modeling in TR 38.901 is used for the UEs in far-field regions, we need to differentiate whether the UE is in the far- or near-field regions. According to our theoretical discussion in section 3.2, the distance threshold of the near- and far-field regions is ambiguous. This may potentially lead to the discontinuities in the channel modeling. As shown in Figure 10, the two UEs are close to each other, but the channels corresponding to two UE-links (say, Channel 1 and Channel 2, respectively) are modeled by different types of the channel models. This may incur a certain dramatic discontinuity between the two channels.


[bookmark: _Ref162712626]Figure 10: An example of system-level simulation modelling.
In fact, if a near-field channel model is utilized, as the distance between transmit and receiver increases, the influence of near-field characteristics gradually decreases. When the distance is far enough, the near-field characteristics, such as the difference of angle and phase on different antenna elements introduced by spherical wave modeling, can be basically ignored, and the filed will still show the characteristics of plane wave.
Therefore, a unified far- and near-field channel model is needed. Similar to spatial consistency, the new channel model should be designed when near-field propagation needs to be considered in simulation.
[bookmark: _Ref163052187]RAN1 design a unified channel model for far- and near-field regions.

[bookmark: _Ref162778529]Fast Fading Model
As discussed in Section 3.2, it is different from the far-field propagation that the near-field propagation exhibits the characteristics of the spherical wave and the spatial non-stationary. The channel modeling in TR 38.901 only characterizes in a far-field, and the effect of near-field has not been modeled. To complete the channel modeling at least in the frequency range of 7-24GHz on top of the legacy channel model in TR 38.901, a channel modeling properly unified for both far-field and near-field is inevitable.
[bookmark: _Ref163052126]The procedure of the existing channel model in TR 38.901 may need to be modified to capture the characteristics of the channel modeling in near-field.

In order to obtain a fast-fading model that satisfies both far- and near-field communication, it is necessary to adjust the channel coefficient generation procedure in TR 38.901. The steps marked by blue in Figure 11 are added for near-field propagation, or need to be modified in the legacy channel model, the detailed modification is described in the following sections.
[image: ]
[bookmark: _Ref162719257]Figure 11: Channel coefficient generation procedure.
[bookmark: _Ref163052192]In channel modeling at least for 7-24 GHz, the channel coefficient generation procedure in  Figure 11 can be considered as a starting point.

In what follows, we attempt to dive a little bit deep with the detailed elaborations at each blue-highlighted step.

[bookmark: _Ref162775567]Scatterer Location
In TR 38.901, the geometric description covers arrival angles from the last-bounce scatterers and respectively departure angles to the first-bounce scatterers interacted between the transmitter and the receiver. The location of first-bounce and last-bounce scatterers is not explicitly defined. In case of near-field, as discussed in Section 3, due to the spherical wave propagation and the spatial non-stationary characteristics, there may be different channel characteristics between each Tx-Rx antenna element pair, such as different angle, delay, phase, etc. Modeling the exact location of the first-bounce and the last-bounce scatterers can more realistically and accurately describe the difference of channel characteristics between different antenna pairs and the continuity of channel characteristics between adjacent antennas. Besides, the distance from the scatterer to the antenna element can be calculated by modeling the exact position of the scatterer. Based on the realistic distance, we can determine whether the scatterer will cause the spatial non-stationary phenomenon.
[bookmark: _Ref163052127]The exact locations of the first-bounce and last-bounce scatterers are needed in near-field channel modeling.

To this end, three following options can be taken into account,
· The distance geometrically derived from the existing cluster(s), but with additional restrictions:
· Option 1: Only single bounce is considered, whereby the location of scatterer is derived.
· Option 2: Two bounce is considered, whereby the locations of the scatterers are derived.
· The distance stochastically generated from the existing clusters:
· Option 3: Multiple bounces are considered, whereby the distance between the first-bounce scatterer to the transmitter and the last-bounce scatterer to receiver are stochastically generated.
[bookmark: _Hlk162628105][bookmark: OLE_LINK9][bookmark: OLE_LINK5]In Option 1, as shown in Figure 12,  represents the 3D distance vector between the transmitter and the receiver,  represents the 3D distance vector between the transmitter and the scatterer and  represents the 3D distance vector between the scatterer and the receiver.  can be derived by the cluster delay. The direction of  can be determined by the cluster departure azimuth and elevation angles and the scatterer location can be derived accordingly. After that, we need to recalculate the arrival angles of both azimuth and elevation to fit the geometrical condition. This method is relatively simple, but the accuracy is not high enough, the arrival angle for both azimuth and elevation need to be recalculated according to the location of the scatterer, which may be different from original arrival angles randomly generated. In addition, this method restricts all clusters to single bounce, which may be different from the actual situation.


[bookmark: _Ref162720187]Figure 12: Single bounce propagation.
In Option 2, as shown in Figure 13,  represents the 3D distance vector between the transmitter and the receiver,  represents the direction and 3D distance vector between the transmitter and Scatterer 1,  represents the 3D distance vector between Scatterer 1 and Scatterer 2 and  represents the 3D distance vector between Scatterer 2 and the receiver.  can be calculated by cluster delay , given by

The direction of  can be determined by cluster departure angles of azimuth and elevation. The direction of  can be determined by cluster arrival angles of azimuth and elevation. However, the distance equation above is still ambiguous. One way to solve this equation as an optimization problem is to minimize the . Note that as a special case,  can be selected to be zero so that the two bounce model collapses to a single bounce model.
As an optimization problem, the cluster delay, departure angle and arrival angle can be consistent with the original ones which are randomly generated in “generate delays” and “generate arrival & departure angles”. If the solution does not exist as an exceptional case, it can simply fall into the single bounce model. This method offers a high precision, but at the cost of high computational complexity.


[bookmark: _Ref162720239]Figure 13: Two bounce propagation.
In option 3, as shown in Figure 14,  represents the 3D distance vector between the transmitter and the first-bounce scatterer. The direction of  can be determined by the cluster departure angles of both azimuth and elevation. The  represents the 3D distance vector between the last-bounce scatterer and the receiver. The direction of  can be determined by the cluster arrival angles of both azimuth and elevation. The propagation between the first and the last interaction is not defined. If the length of  and  can be deterministically generated, the location of the first-bounce scatterer and the last-bounce scatterer is derived. 
Based on the distance distribution between the scatterer and the transmitter or the receiver obtained by an experiment campaign, the distance between the scatterer and the transmitter or the receiver can be randomly generated in channel modeling. Thus, the cluster delay, departure angle and arrival angle are kept consistent with the original ones which randomly generated in “generate delays” and “generate arrival & departure angles”. This scheme is simple and accurate, but at the cost of a lot of experiment efforts.


[bookmark: _Ref162720252]Figure 14: Multiple bounce propagation.
[bookmark: _Ref163052194]RAN1 designs a method to explicitly determine the location of scatterers, and Option 3 can be a starting point.

Spatial Non-stationary
For the modeling of spatial non-stationary, there are two typical methods in academia, namely birth-death process and visibility region (VR). In the former, the appearance and disappearance of clusters along the array axis are modeled by defining the cluster generation rate and extinction rate on each antenna element [8]. The closer the spacing between two antenna elements is, the higher the probability they share the same cluster. In the latter, it originally was introduced in the COST 2100 channel model [9], and defined as a terminal geographical area. When the UE is located in this area, it sees a given set of clusters. This is the set of clusters associated with the VR. When it moves out of the VR, the UE sees a different set of clusters. 
To support the modeling of spatial non-stationarity, we extend the concept of VR to denote a portion of the antenna array from which a given set of clusters is visible, as exemplified in Figure 8. In this example, we assume that VR is a circular region on the antenna array. In our assumption, VR is an area on the antenna array that contains a set of adjacent antenna elements. A cluster corresponds to a VR where the antenna elements located can see the same cluster. Besides, the definition of distance-dependent VR size was introduced to ensure the consistency of the near-field and far-field channel modeling. It can be envisaged that the longer the distance between the transmitter and the receiver, the larger the size of VR is. When the antenna array is far enough away from a cluster, the VR corresponding to this cluster can contain all the antenna elements on the antenna array, and the cluster degenerates into a far-field cluster. It implies that if all the clusters are the far-field clusters, then the modeling of this channel between the transmitter and the receiver consistently degenerate to the far-field channel modeling.
[image: ]
Figure 15: An illustration of the visibility region on antenna array.
[bookmark: _Ref163052130]There is a correlation between the size of VR and the distance between the transmitter and the receiver, e.g., the longer the distance between the transmitter and the receiver, the larger the size of VR is.
[bookmark: _Ref163052132]The distance-dependent VR size can be used to ensure the consistency of the near-field and far-field channel modeling.

According to the discussion above, the concept of VR could be used to characterize the spatial non-stationarity property in channel modeling at least for 7-24 GHz. If the concept of VR is agreed to be used to model spatial non-stationary, the following issues can be discussed in the subsequent meeting, such as the determination of VR shape and size, the distribution of VR corresponding to different clusters in the antenna panel, etc.
[bookmark: _Ref163052198]In channel modeling at least for 7-24 GHz, the concept of VR could be used to characterize the spatial non-stationarity property, in consideration of issues on VR shape/size and VR distribution.

Compared to the far-field channel modeling in TR 38.901, which has the same clusters for each Tx-Rx antenna element pair, the visible clusters for each Tx-Rx antenna element pair in near-field may be different when there is a spatial non-stationarity. The VR method is only used to determine the visible clusters of each Tx-Rx antenna element pair, which is a relatively independent part, which does not incur the modification of the existing channel coefficient generation procedure in TR 38.901 too much.
[bookmark: _Ref163052137]The VR method does not incur the modification of the existing channel coefficient generation procedure in TR 38.901 too much.

[bookmark: _Ref162711853]Characteristics of Angles
One of most important procedures in channel modeling is to generate the angles of arrival and the angles of departure for both azimuth and elevation of each ray (include LOS ray). According to such angles, the field patterns of polarized antenna can be calculated. By taking single LOS ray as an example, the channel response for a link between the receive antenna element  and the transmit antenna element  at time  is given by


where  and  are the field patterns of the receive antenna element  in the direction of the spherical basis vectors,  and , respectively,  and  are the field patterns of the transmit antenna element  in the direction of the spherical basis vectors,  and , respectively. A Cartesian coordinate system is defined by the , ,  axes, where the spherical angles and the spherical unit vectors are shown in Figure 16.
	


[bookmark: _Ref162716799]Figure 16: Definition of spherical angles and spherical unit vectors in a Cartesian coordinate system.
Regardless of how the transmit antenna element and receive antenna element are placed, the  is aligned with , and the  is aligned with . There is no need to consider the effect of antenna placement. In case of far-field, the  distance vector of  approximately equals to , as defined in Figure 9, where these two vectors can be defined by the angle of the horizontal and vertical directions. Hence, in case of far-field, the LOS AOD, LOS ZOD, LOS AOA, and LOS ZOA of any paired transmit and receive antenna elements in the global coordinate system can be identical.
According to the analysis in Section 3.4 and 3.6, in case of near-field, the  distance vector of has obvious differences to , as illustrated in Figure 9. Hence, in channel modeling of near-field, it is no longer appropriate to approximate using the same arrival or departure angle for all antenna elements, and the differentiation of the angles for all the array antennas is inevitable.
It is worth noting that for NLOS ray, the situation is basically the same as the LOS ray.
[bookmark: _Ref163052138]It is no longer appropriate to approximate using the same arrival or departure angle for all antenna elements in near-field.

As discussed in Section 4.1.1, the differentiation of the angles of arrival and departure for both azimuth and elevation per ray between each paired transmit and receive antenna elements can rely on the deterministic scatterer location. Thus, for LOS ray, the channel response for a link between the receive antenna element  and the transmit antenna element  at time  is given by


It can be found that the angles of arrival and departure for both azimuth and elevation per ray between the paired transmit and receive antenna elements only affects the calculation of antenna field patterns. This is a quite simple and promising mechanism and can be considered as a starting point.
[bookmark: _Ref163052200]RAN1 studies how to differentiate the angles of arrival and departure for both azimuth and elevation per ray between each paired transmit and receive antenna elements.
[bookmark: _Ref163052204]To differentiate the angles of arrival and departure, the mechanism of the obtained scatterer location can be considered as a starting point.

Geometry-type Phases
The geometry-type phases are mainly affected by the propagation distance. For the channel modeling in TR 38.901, the modeling of phases is divided into two parts: the random initial phases (step 10 in chapter 7.5 in TR 38.901), and the change of phase caused by the location of transmit and receive elements (step 11 in chapter 7.5 in TR 38.901).
For the first-type of phase, we believe that it should be kept unchanged regardless of the near-field region or far-field region. Thus, our focus is mainly on the second-type of phase, discussing how this type of phase is affected in near-filed circumstance. Since this type of phase is strongly related to the antenna layout, the angle of departure, and the distance of observation point, we denote it as the geometry-type phase.
To this end, taking the transmit side as an example, the modeling formula of the effect of the different transmit elements on the phase is as follows,

where  denotes a cluster and  denotes a ray within cluster ,  is the spherical unit vector with azimuth departure angle  and elevation departure angle ,  is the location vector of transmit antenna element , and  is the wavelength of the carrier frequency. It can be seen that in the channel modeling in TR 38.901, the geometry-type phase affected by the position of antenna elements is modeled as a linear relationship. Due to the spherical wave in the near-field,  between different antenna elements is no longer identical, and the existing channel modeling for the geometry-type phases cannot satisfy the spherical wave characteristic.
Figure 17 illustrates the radiation range vector  between the transmit antenna element and the first-bounce scatterer in near-field circumstances, where its distance  can be calculated by the law of trigonometry with the formula as




[bookmark: _Ref162974308]Figure 17: The radiation range vector between the transmit antenna element and the first-bounce scatterer.
Where  is the spherical unit vector with azimuth departure angle  and elevation departure angle  which randomly generated in “generate arrival & departure angles” in the reference point, given by

In far-field region, the distance  can be approximated, only considering the first and the second terms, 

where  is much larger than , and the component  can be vanished.
Accordingly, thus, the difference in the geometry-type phase due to the different position of transmit antenna elements can be modeled as in TR 38.901, i.e.,

In near-field region, the  approaches to , this distance approximation does not properly work. Hence, the modeling of the difference in the geometry-type phase due to the different positions of transmit antenna elements defined in TR38.901 is no longer applicable.
[bookmark: _Ref163052140]The existing channel modeling for the geometry-type phases cannot satisfy the spherical wave characteristic in near-field.

As discussed in Section 3.4 and illustrated in Figure 17, since the distances of  and  are deterministically given, the difference in the geometry-type phase due to the different position of transmit antenna elements can be directly calculated as

[bookmark: _Ref163052206]In order to model the non-linear relationship between the positions of the antenna elements and the geometry-type phase in near-field, RAN1 studies,
· For LOS,
· The formula  replaces the formula  of the channel modeling defined in TR 38.901.
· where  is the distance between the reference point in the transmitter and the reference point in the receiver,  is the distance between the transmit antenna element  and the receive antenna element .
· For NLOS,
· The formula of  replaces the formula of  in the channel modeling defined in TR 38.901.
· The formula  replaces the formula  of the channel modeling defined in TR 38.901.
· [bookmark: OLE_LINK2]where  is the distance between the reference point in the transmitter and the first-bounce scatterer,   is the distance between the transmit antenna element  and the first-bounce scatterer, and  is the distance between the reference point in the receiver and the last-bounce scatterer,  is the distance between the receive antenna element  and the last-bounce scatterer.

Spatial Consistency
As discussed in Section 4.1, compared with the existing channel modeling in TR 38.901, additional random variables may be introduced into the channel modeling in near-field, such as the distance between the scatterer and the transmitter or receiver, and the visibility region considering spatial non-stationary.
In order to ensure the spatial consistency of channel modeling in near-field, we also need to consider the spatial correlation of these random variables.
[bookmark: _Ref163052210]RAN1 studies the impact on spatial consistency modeling in near-field.

Conclusions
In this contribution, we have expressed our views on channel modeling at least for new spectrum (7-24GHz) and proposed the work plan which contains the mathematical and theoretical analysis, the detailed methodology of channel modeling, experimentation with the validation, and modification and extension from TR38.901. The observations and proposals are summarized as follows.
Observation 1: SPD antenna has more essential control-factors to adjust the antenna pattern and orientation and behaves more flexibility than CAP antenna.
Observation 2: The distance between transmit antenna and observation point affecting far-field should be scaled by a factor of 1/5, as opposed to Rayleigh distance, and the distance between transmit antenna and observation point affecting radiating near-field should be scaled by a factor of 1/2, as opposed to Fresnel distance.
Observation 3: With a typical deployment band, such as 15GHz, the phenomenon of the near-filed in the outdoor (e.g., UMa, UMi, RMa) never appears.
Observation 4: The continuous aperture antenna in Figure 4 (a): the receiver in the focal point observes the radiated field that behaves as the near-field from the continuous aperture antenna.
Observation 5: The discrete array antenna in Figure 4 (b): the receiver in the focal point observes the radiated field that behaves as the far-field from each array element, while observes the radiated field that behaves as the near-field from overall array antenna.
Observation 6: For channel modeling, in reality, the minimum communication range is larger than , or  if considering the region scaling factor of 1/5. 
Observation 7: The wireless channel link between the transmit and receive elements can be independently modeled if the mutual coupling between the elements is negligible.
Observation 8: For largescale antenna array, different parts of the array observed in near-field may have different propagation environment and behaves the different channel multipath characteristics.
Observation 9: Due to the larger antenna array at TRP side, spatial non-stationary characteristics are more likely to be observed in near-field.
Observation 10: PLFs between different paired antenna elements be spatially different in near-field.
Observation 11: The procedure of the existing channel model in TR 38.901 may need to be modified to capture the characteristics of the channel modeling in near-field.
Observation 12: The exact locations of the first-bounce and last-bounce scatterers are needed in near-field channel modeling.
Observation 13: There is a correlation between the size of VR and the distance between the transmitter and the receiver, e.g., the longer the distance between the transmitter and the receiver, the larger the size of VR is.
Observation 14: The distance-dependent VR size can be used to ensure the consistency of the near-field and far-field channel modeling.
Observation 15: The VR method does not incur the modification of the existing channel coefficient generation procedure in TR 38.901 too much.
Observation 16: It is no longer appropriate to approximate using the same arrival or departure angle for all antenna elements in near-field.
Observation 17: The existing channel modeling for the geometry-type phases cannot satisfy the spherical wave characteristic in near-field.

Proposal 1: RAN1 studies on a channel model, in consideration of the work plan with Part-1, Par-2, part-3 and Part-4, as a starting point.
Proposal 2: 3GPP channel modeling should focus on SPD antenna other than CAP antenna.
Proposal 3: RAN1 should not consider both Fresnel and Rayleigh distances for near-field and far-field boundaries in channel modeling at least for 7-24 GHz.
Proposal 4: The near-filed study in RAN1 focuses on the indoor deployment scenario.
Proposal 5: RAN1 considers, the radiated field received in an observation point always behaves as the far-field from the perspective of each element, while the radiated field behaves as either the near-field or the far-field from the perspective of overall array antenna.
Proposal 6: The channel links paired by different transmit antenna and receive antenna elements should be independently modeled regardless of near-field and far-field regions.
Proposal 7: RAN1 reuses the channel model defined in TR38.901, by considering a unified distance and replacing .
Proposal 8: RAN1 does not consider the consistency between near-field and far-field in channel modeling.
Proposal 9: RAN1 validates the approximation of the distance between the transmit element and the receive element from the amplitude perspective in near-filed, i.e., .
Proposal 10: In channel modeling at least for 7-24 GHz, the study of spatial non-stationarity is mainly focused on the TRP side.
Proposal 11: The modeling of spatial non-stationarity should be considered in both LOS ray and NLOS cluster.
Proposal 12: RAN1 studies a matrix with 0 or 1 of element to model the visibility of cluster or ray towards the entire array, as a starting point.
Proposal 13: RAN1 studies the impact on the cross-polarization in near-filed.
Proposal 14: RAN1 design a unified channel model for far- and near-field regions.
Proposal 15: In channel modeling at least for 7-24 GHz, the channel coefficient generation procedure in  Figure 11 can be considered as a starting point.
Proposal 16: RAN1 designs a method to explicitly determine the location of scatterers, and Option 3 can be a starting point.
Proposal 17: In channel modeling at least for 7-24 GHz, the concept of VR could be used to characterize the spatial non-stationarity property, in consideration of issues on VR shape/size and VR distribution.
Proposal 18: RAN1 studies how to differentiate the angles of arrival and departure for both azimuth and elevation per ray between each paired transmit and receive antenna elements.
Proposal 19: To differentiate the angles of arrival and departure, the mechanism of the obtained scatterer location can be considered as a starting point.
Proposal 20: In order to model the non-linear relationship between the positions of the antenna elements and the geometry-type phase in near-field, RAN1 studies,
· For LOS,
· The formula  replaces the formula  of the channel modeling defined in TR 38.901.
· where  is the distance between the reference point in the transmitter and the reference point in the receiver,  is the distance between the transmit antenna element  and the receive antenna element .
· For NLOS,
· The formula of  replaces the formula of  in the channel modeling defined in TR 38.901.
· The formula  replaces the formula  of the channel modeling defined in TR 38.901.
· where  is the distance between the reference point in the transmitter and the first-bounce scatterer,   is the distance between the transmit antenna element  and the first-bounce scatterer, and  is the distance between the reference point in the receiver and the last-bounce scatterer,  is the distance between the receive antenna element  and the last-bounce scatterer.
Proposal 21: RAN1 studies the impact on spatial consistency modeling in near-field.
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[bookmark: _Ref156326580]Annex: Analysis of Electric- and Magnetic-field Intensity
Here, we briefly give a description of electric- and magnetic-field intensities and power density in both near-field and far-filed. The detailed analysis and derivation on the electromagnetic field can refer to the reference [2].
To find the fields radiated by the current element (here, simply assuming a dipole element), the functional relation between the electric-related parameter  and the source , according to the foundation of Maxwell’s equations and their computed fields, is given by

[bookmark: _Ref161383664]Eq. 2
where  represent the observation point coordinates,  represent the coordinates of the source,  is the distance from any point on the source to the observation point, and path  is along the length of the source.
If we assume the dipole element is an infinitesimal linear wire (; e.g., ), which is positioned symmetrically at the origin of the coordinate system and oriented along the  axis, as illustrated in Figure 18, then the spatial variation of the current is assumed to be constant, i.e., given by

where  is a current with a constant current distribution (or a uniform current distribution) and  is the unit vector of  axis in three-dimensional coordinate.
[image: ]
[bookmark: _Ref156328047]Figure 18: Geometrical arrangement of a dipole element.

According to the derivation from the Eq. 2, the magnetic-field components in the magnetic-field vector  are


and the electric-field components in the electric-field vector  are



For the infinitesimal dipole, the complex Poynting vector can be written as

where , , and , respectively, denote the spherical unit vectors in the directions of , , and , all perpendicular to each other.
The radial  and transverse  components are given, respectively, by


The complex power moving in the radial direction is obtained by integrating


where  is the power (in radial direction),  is the time-average power radiated,  is the time-average magnetic energy density or inductive density (in radial direction),  is the time-average electric energy density or capacitive density (in radial direction), and  is the time-average imaginary (reactive) power (in radial direction).
It is worth noting that for large values of  (or ), the reactive power diminishes and vanishes when , meaning that the electromagnetic field belongs to a far-field.
As a special case, when , i.e., the electric-field intensity received in a near-field region, the electric- and magnetic-field intensities can be approximated to




This is demonstrated by forming the time-average power density as


The power factor, which is described for how much power is radiated, is

where the apparent power or virtual power is defined as . This implies that no power is radiated from the antenna under such a circumstance.
When , on the other hand, i.e., the electric-field intensity received in a far-field region, the electric- and magnetic-field intensities can be approximated to



The time-average power density is given by

The above equation implies that the E- and H-field components are perpendicular to each other, transverse to the radial direction of propagation after cross-product calculation, and the  variations are separable from those of  and . This is why the electromagnetic far-field can be radiated to the direction of . It is worth noting that the shape of the pattern is not a function of the radial distance , and the fields form a transverse electromagnetic wave whose wave impedance is equal to the intrinsic impedance of the medium.
In reality, the infinitesimal dipoles are not very practical, but it is useful for the theoretical analysis of all types of antennas. If we enlarge the infinitesimal dipole to a finite dipole antenna, its antenna characteristics in electromagnetic field should be kept unchanged. This is because the finite dipole antenna is subdivided into a number of infinitesimal dipoles of length . As the number of subdivisions is increased, each infinitesimal dipole approaches a length  . Therefore, summing the contributions from all the infinitesimal elements, the summation reduces, in the limit, to an integration, as

The factor outside the brackets is designated as the element factor and that within the brackets as the space factor. The element factor is equal to the field of a unit length infinitesimal dipole located at a reference point (the origin). In general, the element factor depends on the type of current and its direction of flow while the space factor is a function of the current distribution along the source.
The total field of the antenna is equal to the product of the element and space factors, as
total field = (element factor) × (space factor)
In general, the space factor (or array factor) in array antenna is used to aggregate the radiating electric-field intensity from the identical elements with uniform spacing, which possibly results in giving a radiation maximum in a particular direction or directions, minimum in others, or otherwise as desired. This is the foundation of the antenna array in far-field, whereby the codebook, non-codebook, and beamforming related algorithms can be digitally designed.

2

image1.emf
Q1

2024 2025

Q2 Q3 Q4 Q1 Q2

R1#116

▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼

R1#116b R1#117 R1#118 R1#118b

R1#119

R1#120 R1#120b R1#121

Theoretical analysis for near-field

Modification/extension of TR38.901

Experiment campaign

Calibration

Channel Modeling

TR skeleton 


image2.emf
Aperture

Incident Source

Near-field Far-field

Field

Regions

Radiating

Near-field

Region

Reactive

Near-field

Region


image3.emf
-70

-60

-50

-40

-30

-20

-10

0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Normilized Power Density [dB]

Angle of Departure [

ߨ

]

r = 5

r = 10

r = 20

r = 50

r = 100

r = 500

-50

-40

-30

-20

-10

0

0.4 0.45 0.5 0.55 0.6

Normilized Power Density [dB]

Angle of Departure [

ߨ

]

r = 5

r = 10

r = 20

r = 50

r = 100

r = 500


image4.emf
Near-field

Focal Point

Focal Point

Near-field

Far-field

(a) (b)

Same dimension

of both antennas

Continuous

Aperture

Antenna


image5.emf
Near-field

Region

Far-field

Region

Radiating

Near-field

Region

Far-field

Region

Antenna

Element

Antenna

Array

Reactive

Near-field

Region


image6.emf
Link-2

Independent?

Tx Array Rx Array


image7.emf
Tx Array

Rx Array

Independent & Deterministic

Scatterer

Indep. & Stochastic


image8.emf
Object

LOS Region NLOS Region

LOS

Cluster #2

Cluster #1


image9.emf
-th ele.

-th element

-th element

-th ele.

Tx Orientation

Rx Orientation

Angular displacement 



between

the two pairs of unit vectors


image10.emf
TRP

UE1

UE2

near-field 

regions

Far-field 

regions

C

h

a

n

n

e

l

 

1

:

 

m

o

d

e

l

e

d

 

b

y

 

n

e

w

 

c

h

a

n

n

e

l

 

m

o

d

e

l

C

h

a

n

n

e

l

 

2

:

 

m

o

d

e

l

e

d

 

b

y

 

c

h

a

n

n

e

l

 

m

o

d

e

l

 

i

n

 

T

R

 

3

8

.

9

0

1


Microsoft_Visio_2003-2010_Drawing.vsd

image11.emf
General Parameters

Set scenario, network

layout and antenna

parameters

Assign propagation

condition (NLOS/LOS)

Calculate path-loss

Generate correlated

large scale parameters

(DS, AS, SF, K)

Determine the position

of scatterers

Generate arrival &

departure angles

Generate cluster

powers

Generate delays

Spatial non-stationality

(observed/not observed)

Generate arrival &

departure angles per

antenna elements

Perform random

coupling of rays

Generate XPRs

Apply path-loss

and shadowing

Generate channel

coefficient

Draw random

initial phases

Small Scale Parameters

Coefficient Generation


image12.wmf
TRP

scatterer

UE

r

r

1

r

2

D

eparture 

a

ngle 

remains unchanged

Arrival angle may 

be changed


Microsoft_Visio_2003-2010_Drawing1.vsd

image13.wmf
TRP

scatterer

UE

r

r

1

scatterer

r

2

r

3

D

eparture 

a

ngle 

remains unchanged

Arrival

 

a

ngle 

also 

remains unchanged


Microsoft_Visio_2003-2010_Drawing2.vsd

image14.wmf
TRP

UE

r

r

tx

First

-

bounce 

scatterer

r

rx

Last

-

bounce 

scatterer

D

eparture 

a

ngle 

remains unchanged

Arrival

a

ngle 

Also 

remains unchanged


Microsoft_Visio_2003-2010_Drawing3.vsd

image15.emf
Cluster #2

Cluster #1

Near-filed

Far-filed

VR #2

VR #1


image16.emf
 

n

ˆ



ˆ



ˆ



z x

y




Microsoft_Word_Document.docx


image4.wmf

q




image5.wmf

z




image6.wmf

x




image7.wmf

y




image8.wmf

f




oleObject1.bin



oleObject2.bin



oleObject3.bin



oleObject4.bin



oleObject5.bin



oleObject6.bin



oleObject7.bin



oleObject8.bin



image1.wmf

n


ˆ




image2.wmf

q


ˆ




image3.wmf

f


ˆ





image17.emf
Reference 

point

First-bounce 

scatterer

Tx array

R


Microsoft_Visio_2003-2010_Drawing4.vsd
Reference point


First-bounce scatterer


Tx array


R



image18.emf
Source Point 

Observation

Point 


