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In RAN#102, the new SI on channel modelling enhancements for 7-24 GHz is approved with the details listed in [1]. The corresponding objectives are highlighted as below:
	The objectives of this study are:
· Validate using measurements the channel model of TR38.901 at least for 7-24 GHz
· Note: Only stochastic channel model is considered for the validation.
· Note: The validation may consider all existing scenarios: UMi-street canyon, UMa, Indoor-Office, RMa and Indoor-Factory.
· Adapt/extend as necessary the channel model of TR38.901 at least for 7-24 GHz, including at least the following aspects for applicable scenarios: 
· Near-field propagation (with consideration being given to consistency between near-field and far-field)
· Spatial non-stationarity
Note 1: Continuity of the channel model in the frequency domain below 7 GHz and above 24 GHz shall be ensured.
Note 2: Mathematical and/or theoretical aspects (if any) may be studied before results of measurement campaigns are available. While measurement results may be available and submitted at any time, the study of measurement results may start later (e.g., Q3 2024).


In this contribution, the detailed analysis on two channel features, i.e., the near-field propagation and spatial non-stationarity, are elaborated with both analytical results and initial thoughts on the methodologies for modelling. 
Discussion on the near-field propagation
2.1 Overview on near-field propagation
MIMO technology (e.g., Extremely large antenna array (ELAA) , Distributed-MIMO (D-MIMO)) is an essential aspect to enable the eMBB transmission for wireless. To ensure the performance of relevant technique, the well understanding and modelling of the propagation channel is critical and relevant results are captured in TR 38.901[2] . However, with the increasing of the effective antenna aperture, a paradigm shift for the channel modelling is observed, i.e., from far-field to near-field, which is distinguished by the Fraunhofer distance/Rayleigh distance (i.e.,  with D and  denoting the aperture and wavelength respectively) as shown in the Figure 1. More specifically, regarding the details of propagation:
· For the far-field propagation, the plane wavefront is assumed for the propagation of electromagnetic waves as approximation. Then, the parameter of each path received/transmitted from different antenna elements, e.g., angle (e.g., AOA, AOD) are assumed to be same, which is reflected in the equation for channel realization in TR 38.901[2] .
· For the near-field propagation, the wavefront of electromagnetic waves in the near-field region can be approximated as spherical wave and the angle of links between each antenna element of Tx and Rx are different, resulting in a non-linear parameters variation. 
Additionally, In the real propagation, the distribution of object in the environment will lead to mixed case as shown in the Figure 1. For example, the LOS UE is assumed in the near-field region with some clusters between the BS and UE in near-field region and some other clusters in the far-field region.
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[bookmark: _Ref163045621]Figure 1 Illustration of the propagation characteristic of near-field and far-field propagation.
Then, it’s obvious that the existing model cannot be reused to reflect the above phenomenon and a proper and well-established channel model is required for the performance evaluation of massive MIMO system.  Furthermore, to ensure the consistency of the performance evaluation for potential technique, it’s therefore of great necessity to take the stochastic model used in the existing channel model of TR 38.901 as baseline. Moreover, when studying and identifying the near-field channel model methodology, the trade-off of modeling complexity, modeling accuracy and standard impact should also be considered. 
Observation 1: The trade-off of modeling complexity, modeling accuracy and standard impact should be considered when studying the near-field channel modeling.
2.2 Scenario and antenna assumption 
There are several different scenarios considered for the existing channel model of TR38.901, including the outdoor scenarios (i.e., UMi, UMa, RMa) and indoor scenarios (i.e., Indoor-Office and Indoor-Factory). To better study the channel modeling methods, the scenarios and antenna assumptions where the near-field characteristics is not negligible can be firstly discussed and identified in this section. 
Considering that the typical scenarios to deploy the large antenna array can be, e.g., to overcome the penetration loss in the outdoor scenarios with high buildings especially for the higher frequency band, or to boost the MIMO performance in the hotspot/indoor scenarios with large traffic, the exemplified assumption is provided in Table 1 to demonstrate the possibility of near-field phenomenon. According to the analysis of the Rayleigh distance calculated under the different frequencies and scenarios as well as the antenna configuration (e.g., antenna type including the Uniform Linear Array (ULA) and Uniform Planar Array (UPA), different antenna aperture size), from the results of Table 1, it can be seen that with large aperture size and mid-band frequency configuration, the near-field region can be hundreds of meters or even tens of meters, which means that the near-field in these scenarios cannot be negligible.
[bookmark: _Ref163046305]Table 1. Near-field range under different configuration
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Based on the above analysis and the layout of the different scenarios in TR 38.901, the near-field characteristics shall be considered for all potential scenarios with the possibility to deploy the large antenna or distributed antenna. While for the RMa scenario with the large antenna array, whether the near-field propagation should be considered may need further evaluation considering that the lower frequency band is usually used in this scenario.  
Proposal 1: The typical scenarios, i.e., UMi, UMa, Indoor office and Indoor factory, defined in TR38.901 should be considered for the near-field propagation. 
· The study for RMa can be considered if there is need for relevant deployment.
Proposal 2: Both the centralized antenna array and distributed antenna array should be considered when studying the near-field propagation.
2.3 Preliminary study on the Near-field channel model 
2.3.1 Key issues for the near-field channel modeling
As introduced above, with the increasing size of antenna aperture, the UE or clusters may locate in the near-field region. According to the existing channel modeling methodology of TR 38.901, following issues need to be considered when we study and identify the new/updated modeling methodology to capture the near-field propagation:
· Issue #1: The boundary between the near-field region and far-field region
The existing channel modeling of TR 38.901 is directly based on the far-field assumption, while when the near-field is also considered, the channel characteristic between the near-field and far-field propagation is totally different, which needs different channel modeling methods to capture the corresponding characteristic. To clearly distinguish between the near-field and far-field propagation, defining a boundary is a common and simple way to differentiate the near-field region and far-field region. In this case, the first issue is to determine the boundary between the near-field region and far-field region, which is of great significance for the near-field channel modeling. Up to now, there are different criteria proposed to determine the boundary, e.g., the Rayleigh distance according to the maximum phase error, the critical distance according to the power ratio between the weakest and strongest array elements, etc.  Among all these proposed criteria, the Rayleigh distance is the commonly used and widely acknowledged criteria of the industry and academy, i.e., when the maximum phase error among antenna elements exceeds , the near-field effect cannot be ignored, which can be considered to be used for the near-field channel modeling. 
Observation 2: The Rayleigh distance, which is the commonly used and acknowledged criteria of the industry and academy, can be used to determine the boundary between the near-field region and far-field region for the channel modeling.
· Issue #2: The parameter variation for one ray among different transmission/reception antenna element    
As introduced above, the channel parameters (e.g., angle, delay) of each cluster between each antenna element pair of BS and UE are different under the near-field propagation, resulting in a non-linear phase and delay variation. Taking the Figure 2 as an example, it shows that the theoretical delay variation of a LOS ray between a near-field UE (with a single antenna element) and each antenna element of ULA array. From the results, the non-linear variation of delay parameter among different antenna element pairs due to the spherical-wave propagation assumption can be clearly observed. 
In this case, the parameter variation of different antenna elements pairs should be captured when studying the near-field channel modeling, which is essential to develop an accurate and well-established near field channel model.
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[bookmark: _Ref163047582]Figure 2  Delay changes per element of near-field LOS ray.
Observation 3: The parameter variation of different antenna element pairs should be captured and is essential for studying the near-field channel modeling.
· Issue #3: The determination of near-field or far-field condition of UE and clusters should be considered when studying the near-field channel modeling
In the existing channel modeling methodology of TR 38.901, the UE is assigned propagation condition (LOS/NLOS) firstly, then the channel parameters (e.g., delay, angle, power) of each cluster between the BS and UE can be generated based on the far-field assumption. When considering the near-field propagation, there may exist following cases:
· Considering the different location of UEs, some UEs are located in the near-field region, while some other UEs are located in the far-field region;
· For a specific UE, the channel parameters of some NLOS clusters exhibit near-field characteristics, while some other NLOS clusters exhibit far-field characteristics;
To clearly reflect the above cases, the following Figure 3 is given to show the delay variation among different antenna elements for all rays between a LOS UE and the BS with UPA under the UMi scenario. It can be clearly seen that only some cluster are near-field with non-linear delay change. Thus, whether the UE and the clusters are in the near-field or far-field condition should be determined when studying the near-field channel modeling.
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[bookmark: _Ref163047652]Figure 3 Delay variation among different antenna elements.
Observation 4: The near-field or far-field condition of UE and clusters should be determined when studying the near-field channel modeling.
· Issue #4: The effect on Cross-Polarization for the near-field propagation
For near-field clusters, the propagation direction of each antenna element pair may be different even in the same cluster, which refers to the different direction of Poynting vector. As the polarization direction is always perpendicular to propagation direction, the polarization direction shifts at the receive antenna. Following Figure 4 is an example to show the polarization direction shift among different receive antenna elements.
[image: NF_XPR_v]
(a) Polarization loss in vertical dimension
[image: NF_XPR_h]
 (b) Polarization loss in horizontal dimension
[bookmark: _Ref163047858]Figure 4 Effect on cross-polarization for the near-field propagation.
In vertical dimension as shown in Figure 4(a), assume that all antenna elements are cross-polarized and [image: ]. The three receive elements are in the same vertical line and the middle one has the same height with the transmit element. The normal vector direction of transmit element is the same with the propagation direction to the middle receive element.  is the power of vertical polarization wave at the receive element position and  is the vertical polarization power received by receive elements. In this case, for the middle receive element, the vertical and horizontal polarization direction of electromagnetic wave are both the same with itself.  For other receive elements, the propagation direction changes only in vertical dimension due to the minor vertical position difference between the corresponding antenna elements and the middle one, resulting in the change of vertical polarization direction with the horizontal polarization direction keeping unchanged. Thus, as shown in the side view, the shift of vertical polarization direction causes vertical polarization loss, and  is the projection of  in the vertical polarization direction of receive element. Following the similar way, the polarization loss in horizontal dimension is given in Figure 4(b), which shows that the shift of horizontal polarization direction causes horizontal polarization loss, and  is also the projection of  in the horizontal polarization direction of receive element.
As for NLOS near field case, the polarization loss calculation method analyzed above is also applied. Unlike LOS case, in NLOS case, linear polarization changes to elliptical polarization when the wave reaches receive element. Since the elliptical polarization has both vertical polarization component and horizontal polarization component, vertical polarization loss and horizontal polarization loss should be considered simultaneously.
Based on the analysis above, the polarization loss on the vertical and horizontal dimension among different element pairs should be considered for the near-field channel modeling.
Observation 5:  The polarization loss among different antenna element pairs should be considered for the near field channel modeling.
Proposal 3: Following aspects need to be considered when studying the near-field channel modeling:
· The boundary between the near-field region and far-field region based on Rayleigh distance
· The parameter variation for one path across different antenna elements
· The determination of near-field or far-field condition of UE and clusters
· The impact on the polarization for one path across different antenna elements
2.3.2 Details of near-field modeling methodology for channel realization
As mentioned above, the existing model in TR38.901 is considered as the baseline. Then, by supporting the essential aspects mentioned before, the detailed methodology for near field modelling listed in Figure 5 is recommended. More specifically, for channel realization of the near-field channel modeling highlighted in Figure 5, the details of the modelling include:
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[bookmark: _Ref163048705]Figure 5 Updated channel coefficient generation procedure to capture the near field propagation.
· Step1: Determine the near-field or far-field condition for each UE and cluster.
        As illustrated above, the Rayleigh distance can be used to determine the boundary between the near-field region and far-field region. And in the existing channel modeling procedure of TR 38.901, the 3D locations of UE and BS will be given, then the 3D distance between BS and UE can be directly calculated. 
In this way, the near-field/far-field condition of UE can be directly determined by comparing the 3D distance between the BS and UE with the Rayleigh distance. In this case, if the 3D distance is larger than the Rayleigh distance, the UE can be assigned as a FF UE, and if the 3D distance is smaller than the Rayleigh distance, the UE can be assigned as an NF UE. Then combining the assigned LOS/NLOS condition, the propagation condition of UE (i.e., LOS NF UE, LOS FF UE, NLOS NF UE, NLOS FF UE) can be determined. 
Proposal 4: The near-field or far-field condition of UE can be directly determined by comparing the 3D distance between the UE and BS with the Rayleigh distance.
For the LOS cluster, it is obvious that the near-field or far-field condition can be determined following the same way of near-field or far-field condition determination of UE, i.e., by comparing 3D distance between BS and UE with Rayleigh distance. 
While for NLOS clusters, the near-field or far-field condition of NLOS clusters can be determined in a statistic way to maintain the consistency of channel modeling methodology in TR 38.901. Similar as the LOS probability in TR 38.901, the near-field or far-field condition of an NLOS cluster can be determined by the near-field probability, which is used to measure the probability that the NLOS clusters between the BS and UE are near-field clusters.  
Following Figure 6 is an example to show the near-field probability for NLOS clusters of UEs with the different propagation condition (i.e., LOS NF UE, LOS FF UE, NLOS NF UE, NLOS FF UE) in Indoor Office scenario. Following observation can be obtained from the results:
· The truncated Gaussian distribution can be considered to fit the results for the respective four types of UE (i.e., LOS NF UE, LOS FF UE, NLOS NF UE, NLOS FF UE).
· For a same scenario, the mean and variance value for the fitted truncated Gaussian distribution corresponding to four types of UE are different, respectively, which indicates that for UEs with different condition, the percentage of near-field clusters among all NLOS clusters of UE may be different.  
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(a) LOS NF UE                                     (b)  LOS FF UE
[image: NF_NLOS_i_9] [image: FF_NLOS_i_9]
(c) NLOS NF UE                                    (d) NLOS FF UE
Figure 6. Results of near-field probability for Indoor Office scenario.
Observation 6: When using the statistic fitting modeling methods to determine the near-field or far-field condition of NLOS clusters, following observations can be obtained:
· The truncated Gaussian distribution can be considered to fit the near-field probability for the respective LOS NF UE, LOS FF UE, NLOS NF UE, NLOS FF UE.
· The parameters (e.g., mean and variance) of fitted truncated Gaussian distribution for the different types of UE and different scenarios may be different.         
Proposal 5: The near-field or far-field condition of clusters can be determined as following:
· The near-field or far-field condition of LOS cluster can be directly determined by comparing the 3D distance between the UE and BS with the Rayleigh distance. 
· The near-field or far-field condition of NLOS clusters can be determined in a statistic way to keep consistency with the existing channel modeling methodology of TR 38.901.
· Step2: Generate the element-wise channel parameters (i.e., delay, power, angle) of each ray according to its near-field or far-field condition.
After determining the near-field or far-field condition of clusters and UE, the step 2 is to determine the channel parameters (i.e., angle, delay, power) per antenna element pair of near-field clusters, while for the far-field clusters, the channel parameter generation can follow the same way of TR 38.901. 
As illustrated above, since the location of BS and UE is deterministic, the parameters of an near-field LOS ray between the UE and each antenna element of BS array can be directly deterministic calculated. While for the near-field NLOS clusters between the UE and BS, following methods can be considered to obtain the parameters per antenna element pair:
· Alt-1: The element-wise channel parameter for each NLOS cluster can be determined in a statistic way.
As introduced in issue#3, the angles of NLOS cluster are different per antenna element pair, resulting in a non-linear delay and phase variation. Following Figure 7 are given as an example to show the element-wise channel parameters variation of multi-path between the BS and UE under the UMi and Indoor Office scenarios. 
[image: ] [image: ]
(a) UMi scenario: Delay and phase variation among antenna elements with the UPA configuration of BS
[image: In_NF_AOA] [image: In_NF_AOD]
(b) Indoor Office scenario: Angle variation among antenna elements with the ULA configuration of BS
Figure 7. Example of parameters variation under different scenarios.
From the simulation results above, following observations can be obtained:
· The angles among antenna element are different for the near-field clusters, and the observed delay and phase variation among antenna element is non-linear;
· There may exist the relationship between channel parameter value and the antenna element index. Taking the AOA variation results of Indoor Office as an example, the AOA value per antenna element for an near-field NLOS ray increases within the increase of element index. 
According to the observed phenomenon from the simulation results, the channel parameters among antenna elements pairs between the BS and UE for the near-field NLOS clusters can be statistically fitted to reflect the element-wise changes.   
· Alt-2: The channel parameters per antenna element pairs for each near-field NLOS cluster can be directly calculated based on the existing spatial consistency procedure A.
The key point to obtain the element-wise channel parameters for a near-field NLOS cluster is to capture how the parameters changes within the change of antenna element position. From this perspective, the antenna elements can be treated as a ‘moving element’, then the question 2 is conversed into how to generate the element-wise channel parameters within the moving of antenna element, which is similar as the existing spatial consistency issue of TR 38.901.
In the existing spatial consistency procedure, A, the updated channel parameters (i.e., cluster power/delay/angles) at  are derived and given based on the UE/BS channel cluster power/delay/angles, moving speed, moving direction and UE position at , which actually reflects that the updated parameters are obtained based on the legacy channel parameters and the position change of UE/BS. 
Taking the BS with large antenna array shown in Figure 8 as an example, the element N can be treated as moving from element 1, and the position change from the element 1 to element N is given as , which represents the same meaning as  of existing spatial consistency procedure A. Thus, following the similar procedure, the channel parameters of element N can be calculated based on the channel parameters of element 1 and the position change between the element N and the element 1.  
[image: ]
Figure 8. ‘Moving element’ of the antenna array.
The simulation results based on the methods of Alt-2 is shown in Figure 9, which shows the channel parameters variation between the different antenna elements of BS and a UE for a near-field NLOS cluster.
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(a) Antenna array                                                (b)Relative Delay variation
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(c)Angle variation                                          (d)Phase variation
Figure 9. Element-wise channel parameters variation based on existing spatial consistency procedure A.
In conclusion, there are two alternatives proposed to determine the element-wise channel parameters for a near-field NLOS cluster. The Alt-1 is based on the statistical fitting methods to reflect the parameter variation among element, where the fitting procedure and results should be based on simulation and measurement data to ensure the consistency. The Alt-2 can directly follow the existing spatial consistency procedure A of TR 38.901 to calculate the element-wise parameters, which have less specification impact and complexity than the Alt-1.
Proposal 6: Following methods are proposed to determine the element-wise channel parameters (i.e., cluster delay, power, angle) for a near-field cluster:
· The element-wise channel parameters of near-field LOS cluster can be deterministic calculated based on the location of BS and UE.
· The element-wise channel parameters of near-field NLOS cluster can be determined by following alternatives: 
·  Alt-1: Using the statistical fitting methods to determine the element-wise channel parameters.
·  Alt-2: Reusing the existing spatial consistency procedure A to calculate the element-wise channel parameters.
· Step3: Generate the channel coefficient 
        For the far-field clusters and LOS ray, the channel coefficient can be directly generated following the same way of TR 38.901. While for the near-field clusters and LOS ray, the element-wise parameters for the near-field LOS ray and near-field NLOS ray can be generated based on the step 1 and step 2 respectively. The key points for generating the near-field channel coefficient are listed as following. 
· The existing channel parameters (e.g., angle, delay) in the channel coefficient generation, need to be updated into element-wise channel parameters. 
· [bookmark: _GoBack]The element-wise polarization loss should be captured in the near-field channel coefficient. According to the analysis of issue#4, the real power received from vertical or horizontal polarization wave is related to the angular of each ray received per element.
Proposal 7: When generating the channel coefficient, following aspects should be considered:
· The channel coefficient generation of far-field NLOS clusters can directly follow the existing way of TR 38.901.
· The element-wise channel parameters and polarization loss should be captured when generating the near-field channel coefficient.
· The orthogonality between channel parameters should be considered when generating the near-field channel coefficient.
· The generated channel coefficient of near-field NLOS clusters, far-field NLOS clusters and LOS ray (if exists) should be combined to obtain a whole channel impulse response.
· Note: The following step-wise channel coefficient generation procedure to capture the near-field propagation is shown as baseline:
[image: IMG_256]
   
3 Discussion on spatial non-stationary
3.1 Overview on spatial non-stationary
The existing channel model in TR 38.901 assumes that all elements in a same antenna array share the same LOS/NLOS condition and blockage condition. However, with the size of antenna array increasing, the spatial non-stationary characteristic cannot be ignored. For example, as shown in Figure 10, the BS is equipped with large antenna array, and the blockage near the BS may block part of the antenna array, this kind of blockage causes that the UE and some clusters are only visible to part of the large antenna array, resulting in the different blockage conditions between elements, and the observed channel parameters especially power will also be different. In this case, the assumption in TR 38.901 is no longer applicable to massive MIMO cases, it is therefore necessary to establish an accurate spatial non-stationary model to reflect the impact of spatial non-stationary.
[image: SNS overview1(1)]
(a) Spatial non-stationary in LOS case
[image: SNS overview2(1)]
(b) Spatial non-stationary in NLOS case
Figure 10. Example of Spatial non-stationary.
3.2 Scenario and assumption for spatial non-stationary
For the case with centralized antenna (e.g.,UPA,ULA), the large antenna array can be used to realize higher and better communication performance As for distributed antenna (e,g., D-MIMO), the antenna elements are placed in separate positions. The whole distributed antenna can be seen as an extreme large antenna array with a huge element spacing. And as illustrated above, the spatial non-stationary is more likely to be observed with the case of large antenna array. Thus, the spatial non-stationary in centralized antenna and distributed antenna cases should both be studied.
Proposal 8: Both the centralized antenna and distributed antenna should be considered when studying the spatial non-stationary.

In UMi and Indoor scenarios, to achieve higher performance, the large antenna array will be used. And the environments in these scenarios are usually complex and dense, very likely that a building or a furniture near the BS  blocks part of the antenna array as a local blockage. Thus, the spatial non-stationary in UMi and Indoor scenarios should be studied.
Proposal 9: At least the UMi and Indoor scenarios should be considered when studying the spatial non-stationary.

3.3 Preliminary study on the spatial non-stationary model
3.3.1 Key issues for spatial non-stationary
To clearly reflect the characteristic of spatial non-stationary, the RT platform is used to simulate the influence of local blockage. Take UMi scenario as an example, the simulation map is shown in Figure 11. 
[image: map_ue_area6]
Figure 11. Simulation map
A shown in Figure 11, the rooftop is acted as a blockage for UE3 and UE2. From the view of UE2, the antenna array of BS is partly blocked by the rooftop. The parameters observed by UE 2 with 30dB power threshold are shown as Figure 12. It can be observed that the LOS ray can only be seen by part of the antenna elements, which indicates that the blockage condition is different between antenna elements when considering the spatial non-stationary. Therefore, which elements are blocked should be figured out when studying the spatial non-stationary model.
[image: vs_area6_ue57_30dB]
Figure 12. The parameters observed by UE 2 with 30dB power threshold.
Proposal 10: The blockage condition per element should be determined when studying the spatial non-stationary model. 
Further, when changing the power threshold to 60dB, the diffraction ray can be observed in Figure 13, which indicates that the power of diffraction ray is much smaller than other rays. Therefore, for the spatial non-stationary model, the effect of diffraction can be ignored for simplicity. Under this case, when a cluster is determined as invisible for part of antenna arrays (e.g. part of transmit antenna elements), the receive antenna element cannot receive the signal from corresponding transmit antenna element. 
[image: vs_area6_ue57_60dB]
Figure 13. The parameters observed by UE 2 with 60dB power threshold.
Proposal 11: The power of diffraction ray is small enough and can be ignored when studying the spatial non-stationary model.
In addition, considering that the spacing between elements is always small, there exists a high correlation between adjacent elements. And the clusters with same departure or arrival directions also have high correlation. Therefore, it is necessary to guarantee the correlation between clusters and the correlation between adjacent elements in the spatial non-stationary model.
Proposal 12: The correlation between clusters and the correlation between elements should be considered and guaranteed when studying the spatial non-stationary model.
3.3.2 Details of spatial non-stationary model
The main cause of spatial non-stationary is the presence of blockage which is near the BS with large antenna array. Then, as introduced above, the blockage condition of a certain cluster may be different among different antenna element pairs. Thus, it is necessary to determine the blockage condition per element pair for each cluster. 
In TR 38.901, the blockage model B is an accurate and simple way to model the impact of blockage. Deterministic locations and sizes of blockers are defined in blockage model B, then the blockage conditions can be determined according to clusters directions and the locations and sizes of blockers, i.e., if a cluster intersects the screen, the cluster can be determined as blocked, which can guarantee the correlation between clusters. Thus, reusing the blockage model B in TR 38.901 is a feasible way to establish spatial non-stationary model.
Specifically, the detailed procedures based on the blockage model B are given as following:
· Step a: Determine blockers
The location of blockers can be determined following the same way of existing blockage model B of TR 38.901. After determining the locations of blockers, some blockers which are near to BS can be selected as local blockers to model the impacts of spatial non-stationary.
· Step b: Determine the blockage attenuation per sub-path 
With the use of large antenna array, the blockage condition of a certain sub-path may be different for different antenna element pairs. To determine the blockage condition per element pair, the direction of each element pair instead of the direction of clusters are used as shown in Figure 14 and 15.
[image: SNS option1_1(1)]
Figure 14. Illustration of the geometric relation among blocker, receiver and transmitter for the LOS path.
[image: SNS option1_2(1)]
Figure 15. Illustration of the geometric relation between blocker and receiver for NLOS paths.
In TR 38.901, the blocker screen is rotated around its centre such that the arrival direction of the corresponding cluster is always perpendicular to the screen. However, for the large antenna array, the positions of antenna elements couldn’t be seen as exactly the same, and the arrival direction of each antenna element pair may be different even in the same cluster especially considering the near-field propagation. Thus, the arrival direction for each antenna element pair is different, then the rotations may need change with the arrival direction of each antenna element pair. Following are two options to generate the blocker screen rotations.
· Option 1:
To ensure the arrival direction of each antenna element pair of the corresponding path is always perpendicular to the screen, different rotations are required not only for each cluster but also for each antenna element pair, as shown in Figure 16.
[image: SNS_option1_3]
Figure 16. Rotation of the blocker changes with the element pair.
· Option 2:
To simplify the model, a reference antenna element pair can be firstly determined. For example, as shown in Figure 17, the red dots can be chosen as reference element pair. For the reference antenna element pair, blocker screen is rotated around its centre such that the arrival direction of the corresponding path is always perpendicular to the screen. Then, the blockage conditions of other element pairs can be directly determined under the same blocker rotations of reference element pair. 
[image: SNS_option1_4]
Figure 17. Rotation of the blocker is determined according to reference element pair.
Same as the determine rules used in blockage model B, if the sub-path intersects the screen in both top and side view, the cluster of the element pair can be determined as blocked by the screen, while if the sub-path does not intersect the screen in side view or top view or both views, the cluster of the element pair can be determined as not blocked by the screen.
Besides, considering that the power of diffraction ray can be ignored as illustrated above, the cluster power  between element pair u-s to model the power change caused by blockage is given by:
                             (3.1)
which represents that if the sub-path intersects the screen in both top and side view, the cluster power  between element pair u-s is zero, and if the sub-path does not intersect the screen (in side view or top view or both view), the cluster power  between element pair u-s remains unchanged.
In such, the blockage conditions of proposed methods based on the existing blockage model B of TR 38.901 are determined according to the geometric relation among deterministic location of blockers, receive antenna elements and transmit antenna elements, which can guarantee the correlation between clusters and between elements simultaneously.
The following updated diagram in Figure 18 is provided to show the step-wise procedure:
[image: SNS_flow]
Figure 18. Channel coefficient generation procedure.

Proposal 13: The blockage model B in TR 38.901 can be reused to establish the spatial non-stationary model with the following step-wise channel coefficient generation procedure.
[image: SNS_flow]
4   Conclusion
In this contribution, we provide our analysis and proposals for the channel model adaptation/extension of TR38.901 at least for 7-24GHz.
Observation 1: The trade-off of modeling complexity, modeling accuracy and standard impact should be considered when studying the near-field channel modeling.
Observation 2: The Rayleigh distance, which is the commonly used and acknowledged criteria of the industry and academy, can be used to determine the boundary between the near-field region and far-field region for the channel modeling.
Observation 3: The parameter variation of different antenna element pairs should be captured and is essential for studying the near-field channel modeling.
Observation 4: The near-field or far-field condition of UE and clusters should be determined when studying the near-field channel modeling.
Observation 5:  The polarization loss among different antenna element pairs should be considered for the near field channel modeling.
Observation 6: When using the statistic fitting modeling methods to determine the near-field or far-field condition of NLOS clusters, following observations can be obtained:
· The truncated Gaussian distribution can be considered to fit the near-field probability for the respective LOS NF UE, LOS FF UE, NLOS NF UE, NLOS FF UE.
· The parameters (e.g., mean and variance) of fitted truncated Gaussian distribution for the different types of UE and different scenarios may be different.         

Proposal 1: The typical scenarios, i.e., UMi, UMa, Indoor office and Indoor factory, defined in TR38.901 should be considered for the near-field propagation. 
· The study for RMa can be considered if there is need for relevant deployment.
Proposal 2: Both the centralized antenna array and distributed antenna array should be considered when studying the near-field propagation.
Proposal 3: Following aspects need to be considered when studying the near-field channel modeling:
· The boundary between the near-field region and far-field region based on Rayleigh distance
· The parameter variation for one path across different antenna elements
· The determination of near-field or far-field condition of UE and clusters
· The impact on the polarization for one path across different antenna elements
Proposal 4: The near-field or far-field condition of UE can be directly determined by comparing the 3D distance between the UE and BS with the Rayleigh distance.
Proposal 5: The near-field or far-field condition of clusters can be determined as following:
· The near-field or far-field condition of LOS cluster can be directly determined by comparing the 3D distance between the UE and BS with the Rayleigh distance. 
· The near-field or far-field condition of NLOS clusters can be determined in a statistic way to keep consistency with the existing channel modeling methodology of TR 38.901.
Proposal 6: Following methods are proposed to determine the element-wise channel parameters (i.e., cluster delay, power, angle) for a near-field cluster:
· The element-wise channel parameters of near-field LOS cluster can be deterministic calculated based on the location of BS and UE.
· The element-wise channel parameters of near-field NLOS cluster can be determined by following alternatives: 
·  Alt-1: Using the statistical fitting methods to determine the element-wise channel parameters.
·  Alt-2: Reusing the existing spatial consistency procedure A to calculate the element-wise channel parameters.
Proposal 7: When generating the channel coefficient, following aspects should be considered:
· The channel coefficient generation of far-field NLOS clusters can directly follow the existing way of TR 38.901.
· The element-wise channel parameters and polarization loss should be captured when generating the near-field channel coefficient.
· The orthogonality between channel parameters should be considered when generating the near-field channel coefficient.
· The generated channel coefficient of near-field NLOS clusters, far-field NLOS clusters and LOS ray (if exists) should be combined to obtain a whole channel impulse response.
· Note: The following step-wise channel coefficient generation procedure to capture the near-field propagation is shown as baseline:
[image: IMG_256]
Proposal 8: Both the centralized antenna and distributed antenna should be considered when studying the spatial non-stationary.
Proposal 9: At least the UMi and Indoor scenarios should be considered when studying the spatial non-stationary.
Proposal 10: The blockage condition per element should be determined when studying the spatial non-stationary model. 
Proposal 11: The power of diffraction ray is small enough and can be ignored when studying the spatial non-stationary model.
Proposal 12: The correlation between clusters and the correlation between elements should be considered and guaranteed when studying the spatial non-stationary model.
Proposal 13: The blockage model B in TR 38.901 can be reused to establish the spatial non-stationary model with the following step-wise channel coefficient generation procedure.
[image: SNS_flow]
5   Reference
[1]  RP-234018 New SID: Study on channel modelling enhancements for 7-24GHz for NR.
[2]  [bookmark: _Ref163037539]TR 38.901. Study on channel for frequencies from 0.5 to 100 GHz.
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