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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]A new study item of channel modeling for new spectrum (7-24GHz) has been approved in RAN #102 [1], and accordingly, in RAN1 #116b [2], the agreements are made as follows:
	Agreement-1:
The antenna array is assumed for the near-field study.

Agreement-2:
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-3:
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-4:
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
Note (apart from agreement): Companies are encouraged to provide the value in RAN1#116-bis.

Agreement-5:
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-6:
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-7:
The near- or far-field condition should be studied for the direct path and indirect 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 indirect paths
· Note: The direct path is referring to the LoS ray in the TR 38.901 in principle.
· Note: The indirect paths are referring to the cluster/ray(s) without including LoS ray in the TR 38.901.

Agreement-8:
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-9:
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-10:
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. 



This contribution is organized as follows:
· First, we express our views on the necessity of near-field channel modeling from the perspective of the communication coverage.
· Then, we reveal the evidence to judge which deployment scenarios should be included in the channel modeling under the phenomena of near-field and spatial non-stationarity.
· As a main part in this contribution, we elaborate on the realization of near-filed channel modeling in consideration of the unified channel modeling and the antenna element-wise channel parameters associated with both direct and indirect paths.
· We share our views on the practical configure for array antenna in terms of aperture size, proposing some typical size for future evaluation.
· Finally, the issue on the spatial non-stationarity is addressed, with the detailed investigation of how to model such a property by using a concept of visibility region (VR).

Necessity of Near-field Channel Modeling
The contribution in RAN1 #116b meeting [3] has studied the phenomenon of near-field, whereby it is concluded that the near-field region in the cellular system (e.g., UMa, UMi, RMa) is comparably small. In this contribution, we further investigate the necessity of near-field channel modeling from the perspective of communication coverage.
In ITU-R Report 2410 [4], key capabilities for 5G networks are described, where the 5th percentile user spectral efficiency in the 5% point of the CDF of the normalized user throughput (bits/s/Hz) is considered for cell coverage. In eMBB test scenarios, the user spectral efficiency of the 5th percentile point is
· Indoor hotspot (0.21 bits/s/Hz for the uplink and 0.3 bits/s/Hz for the downlink),
· Dense urban (0.15 bits/s/Hz for the uplink and 0.225 bits/s/Hz for the downlink), and
· Rural (0.045 bits/s/Hz for the uplink and 0.12 bits/s/Hz for the downlink).
In consideration of near-field situation, we need to additionally define the outage for near-field (NF) in conjunction with the outage for far-field (FF). As illustrated in Figure 1, the 5th percentile user spectral efficiency in wireless communication is required in both cell-edge region (i.e., far-field region) and near-field region.
The outage due to the less received power density may occur in the cell-edge, while the outage due to the near-field phenomenon may occur in the centre of the cell if the beamfocusing process is not involved in massive MIMO. In general, both outages may not seriously affect the average user throughput but affect the 5th percentile user spectral efficiency. It should be noted that the beamfocusing process involved in near-field is fundamentally different from the beamforming process in far-filed.
[image: ]
[bookmark: _Ref165287292]Figure 1: Cell coverage in consideration of the 5th percentile user spectral efficiency in both near- and far-field regions.
It can be envisaged that with both outages, the 5th percentile user spectral efficiency becomes more stringent if a near-field phenomenon is ignored in 6G specification.
[bookmark: _Ref166139449]The 5th percentile user spectral efficiency is required in consideration of both cell-edge and near-field regions if the beamfocusing process is not involved in massive MIMO.

As investigated in our contribution [3], the overall electric-field density in the near-field is affected in the array antenna even though assuming each element is situated in a far-field. This phenomenon, however, can be eliminated by means of a beamfocusing solution. The most classical solution of beamfocusing to avoid the near-field situation is to implement the conjugate-phase approach. With this approach, as illustrated in Figure 2, at the transmitter side, a TRP transmits a signal from the -th element, located at the coordinate of , that can be observed at any observation point, , where the electric field radiated by the array antenna at the observation point  behaved in the antenna radiative near-field region can be expressed as:

where  is the vector electric field that a transmit array element located at the origin of the coordinate system would radiate at a distance , containing transmit array element pattern, transmit polarization and transmit orientation,  denotes the complex excitation coefficient of the -th array element, with the amplitude of  and the phase of , and  is the orientation of the -th transmit elements.
It is worth noting that the conjugate-phase approach offers the best performance for beamfocusing if the transmitter is ideally aware of the coordinate of the focal point.
[image: ]
[bookmark: _Ref165293590]Figure 2: Conjugate-phase approach in near-field.
If the transmit beam is focused on the focal point of , with an observation point of , the conjugate-phase approach results in

The electric field with the scalar value, , received at the point of  by the -th receiver with the orientations of , after the correlation process, can be expressed as

where  is the vector electric field that a receive array antenna located at the origin of the coordinate system would radiate, containing receive array antenna pattern, receive polarization and receive orientation, and   is the orientation of the -th receive antenna.
It can be observed that if the receive point  is the same as the focal point , i.e., , the phase of the electric field in near-field region can be fully compensated. Besides, if the difference of amplitude between the paired links is further compensated on top of the phase, this pre-processing offers the best beamfocusing solution towards MIMO array antenna system.
According to the definition of the electromagnetic field intensity from the perspective of amplitude, however, 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 [5].
This can be inferred that, with the conjugate-phase approach, the received power density of radiating wave can be maximized regardless of near-field or far-field for array antenna, and the outage problem due to the near-field no longer needs to be considered. In other words, the phenomenon of the near-field in array antenna no longer occurs.
[bookmark: _Ref166139451]With the conjugate-phase approach, the phase of the electric field can be fully compensated, the received power density of radiating wave can be maximized regardless of near-field or far-field for array antenna, and the outage problem due to the near-field no longer needs to be considered.

To ensure the future 6G solutions in near-field, as we discussed in our contribution [3], the channel model behaving the un-parallel element-paired channel link is required. It is worth noting that the channel model with un-parallel element-paired channel link is not yet defined in TR38.901.
In the agreement-6 listed in Section 1, furthermore, it is understood that for near-field channel model, RAN1 strives to design a unified model to explicitly reflect the new properties of near-field and existing properties of far-field under the structure of legacy stochastic channel model in TR 38.901. This can be interpreted that the newly designed channel model should be unified under both near- and far-field phenomena.
Under such a circumstance, therefore, it is believed that a unified channel model ensuring the potential 6G solution in both near-field and far-field should be prepared prior to starting the 6G specification in RAN1, regardless of how much the near-field impact occurs in different deployment scenarios.
Proposal 1:  [bookmark: _Ref166139554]RAN1 studies a unified channel modeling in near-field condition, regardless of how much the near-field impact occurs in different deployment scenarios.

Deployment Scenarios
In RAN1 #116bis meeting, the agreements about deployment scenarios for 7-24GHz were achieved, as shown in Agreement-3 and Agreement-9 in Section 1. However, for the RMa and other new scenarios, it is still FFS whether the modeling of near-field and spatial non-stationarity should be considered.
As discussed in Section 2, a unified channel model that can explicitly reflect the properties of near-field and far-field should be designed, and the design of a unified channel model would not be affected by the deployment scenarios Therefore, any deployment scenario is in the scope of consideration, including RMa. However, whether the modeling of near-field and spatial non-stationarity are needed for all these deployment scenarios still needs further discussion. That is because new parameter measurement, calibration, and verification are needed for each scenario to model the near-field and spatial non-stationary properties. It would be a lot of work.
One of the primary factors contributing to the near-field effects and spatial non-stationarity characteristic is the extremely large-scale antenna arrays. In general, the objective of deploying extremely large-scale antenna arrays is to improve throughput. However, in the RMa scenario, considering the economic efficiency and deployment objective, it is typically not possible to deploy extremely large-scale antenna arrays. Taking an example of an antenna array with an aperture of 0.5m, the Rayleigh distance under 7-24GHz is about 12-40m. Compared with the cell range in RMa, the near-field range is very small. Furthermore, the minimum distance between gNB and UE is 35m, where there are no UEs in practice. Thus, in RMa, the impact of near-field on channel modeling will be relatively insignificant. 
In addition, for the RMa scenario, the cell range is usually large (such as ISD=1732m or 5000m in TR38.901 [6]), the base station deployment position is high (such as 35m in TR38.901 [6]), and the compositions of environment are usually relatively simple. These factors result in less blockage in RMa scenario. Moreover, the size of antenna array in the RMa scenario is not large. According to the above analysis, it is less likely to cause spatial non-stationarity. Thus, in RMa, the impact of spatial non-stationarity on channel modeling is relatively insignificant.
It is considered that each scenario requires the measurement, calibration and validation of new parameters in order to model the near-field and spatial non-stationary properties. It would be a lot of work. Therefore, the scenarios such as RMa should be de-prioritized.
[bookmark: _Ref166139454]In consideration of the cell range (i.e., ISD), the minimum distance between gNB and UE, and the practical antenna aperture size, the impact of near-field and spatial non-stationarity on channel modeling is relatively insignificant.
Proposal 2:  [bookmark: _Ref166139556]For the modeling of near-field and spatial non-stationarity, the RMa scenario defined in TR38.901 should be de-prioritized in study.

Near-field Channel Modeling
Unified Channel Modeling
In Agreement-6 listed in Section 1, it is understood that 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. However, whether the same or different implementations, e.g., procedures/equations, used for near- and far-field channel realization is still for further study.
First of all, far-field channel modeling can be regarded as an approximation of near-field channel modeling. In the far-field region, there may still be small differences in angular domain parameters and phases between different antenna elements, but the impact is so small that it can be ignored. If the same implementation is used for near- and far-field channel realization, as the distance between transmit and receiver increases, the influence of near-field characteristics gradually decreases. When the distance is far enough, the spherical wave becomes the plane wave, and the near-field characteristics, such as the difference of angle and phase on different antenna elements, can be basically ignored. Therefore, the same implementations applied for near- and far-field channel realization is totally feasible. 
In reality, some UEs in the frequency range of 7-24GHz fall in near-field and others in far-field, dependent on the locations of the UEs. If the different implementations are used for near- and far-field channel realization, this may potentially lead to the discontinuities in the channel modeling. As shown in Figure 3, 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 implementations of the channel models. This may incur a certain dramatic discontinuity between the channels.


[bookmark: _Ref166053225]Figure 3: An example of system-level simulation modelling in near- and far-field regions.
In contrast, the same implementation can be used for near- and far-field channel realization, but it may introduce additional computational overhead. Compared to the channel model using the different implementation, it is still unclear how much computational overhead needs to be added. To this investigation, we perform a simple simulation to test the computational overhead in a variety of antenna configurations for two channel models. Here, it is assumed that all paths modeled by near-field channel realization in near-field channel model.
The specific test results are listed in Table 1, where the computational time required for generating each channel impulse response (e.g.,  defined in Eq. 7.5-30 of TR38.901) is counted for the comparison of the channel generation efficiency.
It can be observed that with the unified channel model using the same implementation in case that the number of antenna elements are 512, 1024 and 2048, the additional channel generation burden is only increased by 20.82%, 19.86% and 19.14% as opposed to the channel generation based on the procedure in TR38.901.
It is also understood that the channel generation is only required in the initial stage per simulation drop if UE location does not change. After the initialization, the channel impulse response can be updated by the parameter of time, , which does burn a quite similar time in between. Therefore, the additional computation burden costed by the unified channel model can be negligible.
[bookmark: _Ref166053841]Table 1: The channel generation efficiency for two channel models.
	Number of antenna elements
	Computational time (ms)
Channel model in TR 38.901
	Computational time (ms)
Near-field channel model
	Additional burden

	512
	1224
	1478
	20.82%

	1024
	2442
	2927
	19.86%

	2024
	5141
	6125
	19.14%



[bookmark: _Ref166139456]For the unified channel model using the same implementation, in case that the number of antenna elements is 512, 1024 and 2048, the additional channel generation burden is only increased  by 20.82%, 19.86% and 19.14%, which can be ignored. 
Therefore, the same implementation is used for near- and far-field channel realization in the unified channel model. Similar to the function of the spatial consistency, the unified channel model is used only in case that the near-field propagation needs to be considered in simulation.
Proposal 3:  [bookmark: _Ref166139558]RAN1 studies the unified channel model implemented for near- and far-field channel.

Antenna Element-wise Channel Parameters
In this section, we investigate the realization of the unified channel modeling, in consideration of antenna element-wise channel parameters, under both direct and indirect path conditions.
Direct Path
In the agreement-8 listed in Section 1, it is understood that for near-field channel modeling, if necessary, the antenna element-wise channel parameters (angular domain parameters, delay, initial phase, doppler shift and amplitude) of direct path between TRP and UE can be considered. 
The antenna element-wise channel parameters are mainly affected by the difference in propagation distance and angle. Figure 4 illustrates the propagation path and angle between reference points as well as between antenna elements  and , where
·  represents the propagation distance between reference points,
·  and  represents the angles of departure for both azimuth and elevation between reference points,
·  represents the propagation distance between antenna elements  and ,
·  and  represents the angles of departure for both azimuth and elevation between antenna elements  and , and
·  represents the propagation distance between antenna elements s and receive reference point.
It should be noted that the symbol of  on top of the parameter denotes the vector.


[bookmark: _Ref166054667]Figure 4: Direct path between transmit and receive antenna elements under the LOS condition.
In what follows, accordingly, we describe the details of the parameters, such as delay, amplitude, angle, phase, and Doppler shift, and mathematically formulate the channel coefficient for channel modeling.
1.1.1.1. Delay
In near-field, the propagation distance of different antenna element pair is different, which is reflected in the time domain as different arrival time. All paths with different arrival delay in time domain constitute a complete channel impulse response. Since the delay difference between the paths are smaller than the A/D sampling interval, in general, small difference does not affect the channel frequency response after DFT processing. The effect of the arrival delay of the direct path caused by small changes in the position of the antenna array can be ignored. Therefore, the distance between the transmit element and the receive element from the delay perspective in near-filed can be approximated to ||||.
Proposal 4:  [bookmark: _Ref166139562]For direct path, RAN1 validates the approximation of the distance between the transmit element and the receive element from the delay perspective in near-filed, i.e., ||||.

1.1.1.2. [bookmark: _Ref166061313]Amplitude
Based on the derivation in the far-field region, the vector of the electric-field intensity can be expressed as

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,  is the vector of the ranges for the antenna element  to antenna element , and can be expressed by .
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.
It is worth noting that the motivation to approximate 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.
Consequently, by modeling a unified distance between the antenna element pair 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 .
Proposal 5:  [bookmark: _Ref166139564]For direct path, RAN1 validates the approximation of the distance between the transmit element and the receive element from the amplitude perspective in near-filed, i.e., .

1.1.1.3. [bookmark: _Ref166058200]Angle 
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. Accordingly, the field patterns of polarized antenna can be calculated. For direct path, 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. 
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 thanks to the global coordinate system (GCS). However, the generation of the field patterns is angle dependent. In case of far-field, the distance vector of  approximately equals to , as defined in Figure 4, where these two vectors can be defined by the angle of the horizontal and vertical directions. Hence, in case of far-field, the  of any paired transmit and receive antenna elements in the GCS can be identical.
According to the analysis in the contribution in RAN1 #116b meeting [3], 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.
[bookmark: _Ref163052138]For direct path, it is no longer appropriate to approximate using the same arrival or departure angle for all antenna elements in near-field.

For direct path, the position of the receive antenna element  and the transmit antenna element  can be geometrically determined. Hence, the angles of arrival and the angles of departure for both azimuth and elevation of each antenna pair can be calculated directly from the three-dimensional coordinates of the antenna element. 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.
Proposal 6:  [bookmark: _Ref166139568]For direct path, the parameters  replaces the parameters  of the channel modeling defined in TR 38.901.

1.1.1.4. Phase
The phases are mainly affected by the propagation distance. For the channel model in TR 38.901, the modeling of phases is divided into two parts for direct path: the distance between the transmitter and receiver reference points given by following formula, and the change of phase caused by the location of transmit and receive elements.

For the first-type of phase, it should be kept the same 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. 
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  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 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 phases cannot satisfy the spherical wave characteristic.
Figure 4 illustrates the radiation range vector  between the transmit antenna element  and the receive reference point in near-field circumstances, where its distance  can be calculated by the law of trigonometry with the formula as


where  is the spherical unit vector with azimuth departure angle  and elevation departure angle , 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 terms after  can be vanished.
Accordingly, the difference in the phase due to the different position of transmit antenna elements can be modeled as in TR 38.901, i.e.,

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

For direct path, the position of the receive antenna element  and the transmit antenna element  can be easily determined. Thus, the distances of  and   are deterministically given, and the difference in the phase due to the different position of transmit antenna elements can be directly calculated as

Proposal 7:  [bookmark: _Ref163052206]In order to model the non-linear relationship between the positions of the antenna elements and the phase in near-field, RAN1 studies the direct path as,
· 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, and  is the distance between the transmit antenna element  and the receive antenna element .

1.1.1.5. Doppler shift
[bookmark: _Hlk166006863]In the channel model in TR 38.901, for direct path, the Doppler shift modeling formula is as follows:

where  is the spherical unit vector with azimuth departure angle  and elevation departure angle , given by

As described in section 4.2.1.3, the arrival angle of each antenna pair is calculated independently, the parameters and  replaces the parameters  and  of the channel modeling defined in TR 38.901. The   should replaces by , the formula of  is given by

Finally, the modeling formula of doppler shift is adjusted to

Proposal 8:  [bookmark: _Ref166139574]For direct path, the formula  replaces the formula  of the channel modeling defined in TR 38.901 to model the doppler shift in near-field.

1.1.1.6. Channel coefficient
According to the discussion in the above section, the modification of the antenna element-wise channel parameters can be summarized in Table 2.
[bookmark: _Ref166064509]Table 2: The modification of the antenna element-wise channel parameters for direct path.
	Parameter
	TR38.901
	Modified Formula

	Delay
	Based on 
	No modification

	Amplitude
	Based on 
	No modification

	Angle
	
	

	Phase
	
	

	Doppler shift
	
	



Thus, for direct path, the channel coefficient finally can be formulated as



Indirect Path
For indirect path, the antenna element-wise channel parameters are mainly affected by the difference in propagation distance and angle. Figure 5 illustrates the propagation path and angle between reference points and between antenna elements  and , where
·  represents the propagation distance between transmitter reference points and the first-bounce scatterer for ray  within cluster ,
·  and  represents the angles of departure for both azimuth and elevation between transmitter reference points and the first-bounce scatterer for ray  within cluster ,
·  represents the propagation distance between antenna elements  and the first-bounce scatterer for ray  within cluster , and
·  and  represents the angles of departure for both azimuth and elevation between antenna elements s and the first-bounce scatterer for ray  within cluster . 


[bookmark: _Ref166054905]Figure 5: Indirect path between transmit and receive antenna elements under the NLOS condition.
In consideration of the link between the transmitter and first-bounce scatterer or the link between the last-bounce scatterer and the receiver, the situation is the same as the direct path. Hence, for near-field channel, it is also necessary to model the antenna element-wise channel parameters of indirect path between TRP and UE.
Proposal 9:  [bookmark: _Ref166139576][bookmark: _Ref166140272]For near-field channel, it is also necessary to model the following antenna element-wise channel parameters of indirect path between TRP and UE, including
· Angular domain parameters (i.e., AoA, AoD, ZoA, ZoD), phase, and Doppler shift.

1.1.1.7. [bookmark: _Ref162775567]Scatterer Location
In TR 38.901, the geometric description covers arrival angles from the last-bounce scatterers and departure angles to the first-bounce scatterers interacted between the transmitter and the receiver. The location of the first-bounce and the last-bounce scatterers, however, is not explicitly defined in TR 38.901. In case of near-field, due to the spherical wave propagation and the spatial non-stationary characteristics, the different channel characteristics between each Tx-Rx antenna element pair, such as different angle, delay, and phase, need to be considered. Modeling the exact location of the first-bounce and the last-bounce scatterers is beneficial to offer the accuracy and ensure the difference of channel characteristics between different antenna pairs and the continuity of channel characteristics between adjacent antennas. Accordingly, the distance from the scatterer to the antenna element can be calculated. 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 the 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 6,  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 6: Single bounce propagation.
In Option 2, as shown in Figure 7,  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. 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 7: Two bounce propagation.
In option 3, as shown in Figure 8,  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. This scheme is simple and accurate, but at the cost of a lot of experiment efforts.


[bookmark: _Ref162720252]Figure 8: Multiple bounce propagation.
[bookmark: _Ref163052194]RAN1 designs a method to explicitly determine the location of scatterers, and Option 3 can be a starting point.

1.1.1.8. Delay
There are two types of the propagation distances, defined by the different ways. One is, the propagation distance between the transmitter and receiver reference points consists of the propagation distance between the transmit reference point and the first-bounce scatterer, the first-bounce scatterer to the last-bounce scatterer, and the last-bounce scatterer to the receive reference point. The other is, the propagation distance of the antenna pair consists of the propagation distance between the transmit antenna element  to the first-bounce scatterer, the first-bounce scatterer to the last-bounce scatterer, and the last-bounce scatterer to the receive antenna element .
The difference between the two propagation distances is mainly affected by the position of the antenna. Similar to the direct path, due to the A/D sampling interval, small difference does not affect the channel frequency response after DFT processing. The effect of the arrival delay of the indirect path caused by small changes in the position of the antenna array can be ignored. Therefore, the antenna element-wise channel delay is not necessary to be considered in near-filed.
[bookmark: _Ref166139584]For indirect path, the antenna element-wise channel delay is not necessary to be considered in near-filed.

1.1.1.9. Amplitude
Similar to the introduction in section 4.2.1.2, for indirect path, the amplitude also affected by the propagation distance, and the propagation distance between the transmit and the receive elements also can be approximated to be the propagation distance between the transmitter and receiver reference points. Therefore, the antenna element-wise channel amplitude is not necessary to be considered in near-filed.
[bookmark: _Ref166139586]For indirect path, the antenna element-wise channel amplitude is not necessary to be considered in near-filed.

1.1.1.10. Angle 
For indirect path, 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. According to such angles, the field patterns of polarized antenna can be calculated. For indirect path, 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. 
In near-field, taking the transmit side as an example, when the first-bounce scatterer is close to the transmitter, the angles of departure for both azimuth and elevation of different antenna element to the first-bounce scatterer is significantly different. Therefore, for indirect path, it is no longer appropriate to approximate using the same arrival or departure angle for all antenna elements in near-field.
[bookmark: _Ref166139477]For indirect path, it is no longer appropriate to approximate using the same arrival or departure angle for all antenna elements in near-field.

For indirect path, the location of the receive antenna element  and the transmit antenna element  can be geometrically determined, while the location of first-bounce scatterer and last-bounce scatterer is determined according to the section 4.2.2.1. Thus, the angles of arrival and the angles of departure for both azimuth and elevation of each antenna pair can be calculated directly from the three-dimensional coordinates of the antenna element and the scatterer. The channel response for a link between the receive antenna element  and the transmit antenna element  at time  is given by


[bookmark: _Ref166139591]For indirect path, the parameters  replaces the parameters  of the channel modeling defined in TR 38.901.

1.1.1.11. Phase
For indirect path, the 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 the same 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. 
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 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 phases cannot satisfy the spherical wave characteristic.
Figure 5 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



where  is the spherical unit vector with azimuth departure angle  and elevation departure angle , 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 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 phase due to the different positions of transmit antenna elements defined in TR38.901 is no longer applicable.
[bookmark: _Ref166139482]The existing channel modeling for the phases cannot satisfy the spherical wave characteristic in near-field.

Since the location of first-bounce and last-bounce scatterers are determined, the distances of  and  are deterministically given, the difference in the phase due to the different position of transmit antenna elements can be directly calculated as

[bookmark: _Ref166139592]In order to model the non-linear relationship between the positions of the antenna elements and the phase in near-field, RAN1 studies,
· For indirect path,
· 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.

1.1.1.12. Doppler shift
In the channel model in TR 38.901, for direct path, the Doppler shift modeling formula is as follows:

where  is the spherical unit vector with azimuth departure angle  and elevation departure angle , given by

As described in section 2.3.2.4, the arrival angle of each antenna pair is calculated independently, the parameters and  replaces the parameters  and  of the channel modeling defined in TR 38.901. The   should replaces by , the formula of  is given by

Finally, the modeling formula of doppler shift is adjusted to

[bookmark: _Ref166139594]For indirect path, the formula  replaces the formula  of the channel modeling defined in TR 38.901 to model the doppler shift in near-field.

1.1.1.13. Channel coefficient

According to the discussion in the above section, the modification of the antenna element-wise channel parameters can be summarized in Table 3.
[bookmark: _Ref166064570]Table 3: The modification of the antenna element-wise channel parameters for direct path.
	Parameter
	TR38.901
	Modified Formula

	Delay
	Based on 
	No modification

	Amplitude
	Based on 
	No modification

	Angle
	
	

	Phase
	
	

	
	
	

	Doppler shift
	
	



Thus, for indirect path, the channel coefficient finally can be formulated as




Practical Configuration for Array Antenna
In the practical configuration for array antenna, the aperture size of antenna array needs to be seriously considered. This is because the aperture size directly affects the near-field phenomenon, especially in 7-24GHz band. The practical aperture size considered for antenna panel in the UMi and UMa scenarios should be 1m×1m, while the aperture size considered for linear array antenna in the indoor office and indoor factory scenarios should be 1m.
Table 4: Aperture size of practical antenna array.
	Scenario
	Array antenna type
	Aperture size [m]

	UMi
	Panel with 1m×1m
	1.414

	UMa
	Panel with 1m×1m
	1.414

	Indoor office
	Linear array with 1m
	1.0

	Indoor factory
	Linear array with 1m
	1.0



It is noted that the metric of the practical aperture size should be meter other than wavelength . However, in the simulation evaluation, it can be converted to wavelength  for the sake of convenience.
[bookmark: _Ref166139597]RAN1 considers the practical array antenna with the aperture size of 1.414m for both UMi and UMa scenarios, while with the aperture size of 1.0m for both indoor office and indoor factory scenarios.

Spatial Non-Stationarity
Once the size of antenna arrays increases, the characteristic of spatial non-stationarity becomes more obvious and cannot be ignored. The causes of spatial non-stationary characteristics can be summarized into two main reasons, one is that the object with limited size in the propagation environment might no longer serve as the complete scatterer for the entire antenna array with such a large aperture, that is, incomplete scatterer. Another is that the object with limited size might not completely block the entire antenna array with such a large aperture, that is, blockage. As exemplified in Figure 9, the power of the scattered signal for Cluster #2 with limited size focuses on a portion of the antenna array, or the part of the propagation paths from antenna array elements to Cluster #1 or UE is blocked by an object. These reasons of spatial non-stationarity have been verified in [7].
[image: ]
[bookmark: _Ref144287486]Figure 9: An example of the spatial non-stationarity.
[bookmark: _Ref166139488]The reasons for spatial non-stationary characteristics include: 
· Incomplete scatterer: the object with limited size in the propagation environment might no longer serve as the complete scatterer for the entire antenna array with such a large aperture.
· Blockage: the object with limited size might not completely block the entire antenna array with such a large aperture.

Two options for spatial non-stationarity modeling
In RAN1 #116bis meeting, two options were agreed to study the modeling of spatial non-stationarity, as shown in Agreement-10 in Section 1. Option 1 proposes to introduce the per ray/cluster visible probability, or visibility region for set of antenna element to model the spatial non-stationarity. For Option 2, the physical blocker is introduced to emulate the blockage impact on the link for each element-pair to model the spatial non-stationarity.
For Option 1, the concepts of visible probability (VP) and visibility region (VR) are mentioned. For VP, the visibility probability of the cluster in a reference element is initialized, and then the correlation of the visibility probability for this cluster across elements is characterized using a Markov process. This approach requires the definition of the state transition probability of the Markov process. For VR, as we discussed in our contribution in the last meeting [3], VR originally was introduced in the COST 2100 channel model [8], and defined as a terminal geographical area. To support the modeling of spatial non-stationarity, the definition of VR is modified, which is defined as an area on the antenna array that contains some neighboring antenna elements [9], as shown in Figure 10. 
For VR modeling, a cluster corresponds to a VR, and the antenna elements located within the VR can share the corresponding cluster. By modeling the shape and size of the VRs, as well as the location of the VRs in the antenna array, the set of clusters visible to the antenna elements can be determined. VR is an abstract concept that can be fitted by defining parameters or distributions, which is more suitable for statistical channel modeling. Besides, the abstract concept of VR can reflect or model all the reasons for spatial non-stationarity characteristic mentioned above, which is more comprehensive. However, VR is a completely new way of channel modeling towards 3GPP, and there are no ready-made statistical parameters. Therefore, new parameters, formulas, or distributions need to be introduced.


[bookmark: _Ref165992285]Figure 10: An example of the visibility region in antenna array.
For Option 2, as exemplified in Figure 11, the visible cluster of each antenna element is determined by modeling the locations and sizes of the physical blockers, and then determining whether the antenna element is blocked based on the propagation direction of the cluster and the locations and sizes of physical blockers. With this model, the part of the implementation of the blocking model B defined in TR38.901 can be reused to model the deterministic locations and sizes of blockers. However, this method can only reflect or model one cause of spatial non-stationary characteristics, that is blockage. In addition, although the physical blocker determination method has been given in TR38.901, many new parameters remain to be determined and defined, such as the number of blockers and the proportion of different types of blockers in a specific scenario. And if a blocker is introduced, issues such as the mobility of the blocker may also need to be considered. Therefore, although it is possible to reuse some of the implementations in TR38.901, the implementation complexity cannot be significantly reduced.


[bookmark: _Ref165992335]Figure 11: An example of the blockage.
According to above discussions, we have following observation and proposal.
[bookmark: _Ref166139490]For the modelling of spatial non-stationarity, option 1 is better than option 2.
Proposal 10:  [bookmark: _Ref166139603][bookmark: OLE_LINK4]For the modeling of spatial non-stationarity, RAN1 to down select the modeling method from option 1 and option 2 based the analysis and experiments.

Visibility Region modeling
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 array, etc.
For VR shape, in COST 2100 model [8], a VR is a circular region given fixed size in the simulation area. When the UE enters a VR, the related cluster smoothly increases its visibility for this UE. This is accounted for mathematically by a VR gain, i.e., when UE is located in this area, the related VR gain is 1, and when UE is outside this area, the related VR gain is 0. In [10], the spatial non-stationarity is considered independently in the horizontal and vertical dimensions of antenna array, and the spatial non-stationarity in the horizontal dimension and vertical dimension reveals difference. The experiments indicate that there are different lengths of VR in horizontal and vertical dimensions. Thus, VR can be considered as a quadrilateral. Regardless of the shape, the implementation of VR is to ensure the correlation of clusters between adjacent antenna elements essentially. From the perspective of simplifying implementation, perhaps a circle can be used as a baseline for VR shape.
Proposal 11:  [bookmark: _Ref166139607]Study whether the circle or quadrilateral could be a starting point when modeling the shape of VR.

For VR size, the VR have the fixed size in COST 2100 model. The article in [11] proposed to modify the COST 2100 model by introducing variations in the VR size. In [12], VR can be partially or completely located on the antenna array. The size of VR is not fixed and is limited by the size of the antenna array, the size of all VRs observed on the antenna array satisfies a log-normal distribution. In [13], the different lengths of VR in horizontal and vertical dimensions are assumed, and the exponential distribution is found suitable to model the VR size in horizontal and vertical dimensions. Many studies have shown that the size or length of VR is not fixed with some distribution, but which distribution is exactly suitable remains controversial. Besides, the relationship between the VR size and the distance between the cluster and the antenna array needs further investigation. For example, the farther the corresponding cluster of VR is from the antenna array, the more antenna elements the VR can contain, as exemplified in Figure 12.
[image: ]
[bookmark: _Ref165993868]Figure 12: An example of the relationship between VR size and the distance between cluster-antenna.
Proposal 12:  [bookmark: _Ref166139608]RAN1 to study the distribution of VR size and the relationship between VR size and the distance of cluster-antenna.

For the VR distribution on the antenna array, we need to determine which antenna elements in the antenna array should be included in the VR. Intuitively, the location of the VR on the antenna array should be related to the location of the corresponding cluster in the space where the channel is modeled. For example, when the VR corresponding cluster is located on the left side of Tx-Rx link, the antenna elements on the left side of the antenna array are more likely to be located in the VR area. In the COST 2100 model, the VRs are uniformly distributed in the simulation area, the VR density being related to the average number of visible clusters determined experimentally [14]. In [13], Cluster Arrival Interval is used to depict the position of the cluster existence on the antenna array. This parameter can be considered to follow a uniform distribution in both horizontal and vertical dimensions, indicating that the clusters appear uniformly on the array dimension. Although there have been many studies on the distribution of VRs on the antenna array, these studies do not illustrate the relationship between the location of the VR on the antenna array and the location of the cluster in the channel space.
Proposal 13:  [bookmark: _Ref166139935]RAN1 to study the distribution of VRs on the antenna array, and the relationship between the location of the VR on the antenna array and the location of the cluster in the channel space. 

Conclusions
In this contribution, first, we have expressed our views on the necessity of near-field channel modeling for 7-24GHz from the perspective of the communication coverage. Then, we have revealed the evidence to judge which deployment scenarios should be included in the channel modeling under the phenomena of near-field and spatial non-stationarity. As a main part in this contribution, we have elaborated on the realization of near-filed channel modeling in consideration of the unified channel modeling and the antenna element-wise channel parameters associated with both direct and indirect paths. Meanwhile, we have shared our views on the practical configure for array antenna in terms of aperture size, proposing some typical size for future evaluation. Finally, the issue on the spatial non-stationarity has been addressed, with the detailed investigation of how to model such a property by using a concept of visibility region (VR). The observations and proposals are summarized as follows.
Observation 1: The 5th percentile user spectral efficiency is required in consideration of both cell-edge and near-field regions if any beamfocusing process is not involved in massive MIMO.
Observation 2: With the conjugate-phase approach, the phase of the electric field can be fully compensated, the received power density of radiating wave can be maximized regardless of near-field or far-field for array antenna, and the outage problem due to the near-field no longer needs to be considered.
Observation 3: In consideration of the cell range (i.e., ISD), the minimum distance between gNB and UE, and the practical antenna aperture size, the impact of near-field and spatial non-stationarity on channel modeling is relatively insignificant.
Observation 4: For the unified channel model using the same implementation, in case that the number of antenna elements is 512, 1024 and 2048, the additional channel generation burden is only increased  by 20.82%, 19.86% and 19.14%, which can be ignored.
Observation 5: For direct path, it is no longer appropriate to approximate using the same arrival or departure angle for all antenna elements in near-field.
Observation 6: For direct path, the existing channel modeling for the phases cannot satisfy the spherical wave characteristic in near-field.
Observation 7: The exact locations of the first-bounce and the last-bounce scatterers are needed in near-field channel modeling.
Observation 8: For indirect path, it is no longer appropriate to approximate using the same arrival or departure angle for all antenna elements in near-field.
Observation 9: The existing channel modeling for the phases cannot satisfy the spherical wave characteristic in near-field.
Observation 10: The reasons for spatial non-stationary characteristics include:
· Incomplete scatterer: the object with limited size in the propagation environment might no longer serve as the complete scatterer for the entire antenna array with such a large aperture.
· Blockage: the object with limited size might not completely block the entire antenna array with such a large aperture.
Observation 11: For the modelling of spatial non-stationarity, option 1 is better than option 2.

Proposal 1: RAN1 studies a unified channel modeling in near-field condition, regardless of how much the near-field impact occurs in different deployment scenarios.
Proposal 2: For the modeling of near-field and spatial non-stationarity, the RMa scenario defined in TR38.901 should be de-prioritized in study.
Proposal 3: RAN1 studies the unified channel model implemented for near- and far-field channel.
Proposal 4: For direct path, RAN1 validates the approximation of the distance between the transmit element and the receive element from the delay perspective in near-filed, i.e., ||||. 
Proposal 5: For direct path, 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 6: For direct path, the parameters  replaces the parameters  of the channel modeling defined in TR 38.901.
Proposal 7: In order to model the non-linear relationship between the positions of the antenna elements and the phase in near-field, RAN1 studies the direct path as,
· 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, and  is the distance between the transmit antenna element  and the receive antenna element .
Proposal 8: For direct path, the formula  replaces the formula  of the channel modeling defined in TR 38.901 to model the doppler shift in near-field.
Proposal 9: For near-field channel, it is also necessary to model the following antenna element-wise channel parameters of indirect path between TRP and UE, including
· Angular domain parameters (i.e., AoA, AoD, ZoA, ZoD), phase, and Doppler shift. 
Proposal 10: RAN1 designs a method to explicitly determine the location of scatterers, and Option 3 can be a starting point.
Proposal 11: For indirect path, the antenna element-wise channel delay is not necessary to be considered in near-filed.
Proposal 12: For indirect path, the antenna element-wise channel amplitude is not necessary to be considered in near-filed.
Proposal 13: For indirect path, the parameters  replaces the parameters  of the channel modeling defined in TR 38.901.
Proposal 14: In order to model the non-linear relationship between the positions of the antenna elements and the phase in near-field, RAN1 studies,
· For indirect path,
· 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 15: For indirect path, the formula  replaces the formula  of the channel modeling defined in TR 38.901 to model the doppler shift in near-field.
Proposal 16: RAN1 considers the practical array antenna with the aperture size of 1.414m for both UMi and UMa scenarios, while with the aperture size of 1.0m for both indoor office and indoor factory scenarios.
Proposal 17: For the modeling of spatial non-stationarity, RAN1 to down select the modeling method from option 1 and option 2 based the analysis and experiments.
Proposal 18: Study whether the circle or quadrilateral could be a starting point when modeling the shape of VR.
Proposal 19: RAN1 to study the distribution of VR size and the relationship between VR size and the distance of cluster-antenna.
Proposal 20: RAN1 to study the distribution of VRs on the antenna array, and the relationship between the location of the VR on the antenna array and the location of the cluster in the channel space.
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