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Introduction
In last RAN1#116bis meeting, the discussion on two channel features, i.e., the near-field propagation and spatial non-stationarity, have been conducted with some agreements [1]. In this contribution, the corresponding views on both analytical results and detailed thoughts on the methodologies for modelling are further elaborated. 
Discussion on the near-field propagation
Observation on the near-field effect 
With the increasing of the effective antenna aperture, a paradigm shift for the channel modelling, i.e., from far-field to near-field, is observed.
· For the far-field propagation, the plane wavefront is assumed for the propagation of electromagnetic waves as approximation. Then, the parameters 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 wavefront and the parameters for each links between each antenna element of Tx and Rx are different, resulting in a non-linear parameters variation. 
Regarding the above phenomenon in near-field, the following example based on indoor channel measurement as shown in Figure 1 has been carried out, and the measurement configuration related parameters are given in Table 1.  
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Figure 1. Measurement scenarios
Table 1. Measurement parameters configuration
	Parameters
	Value

	Scenario
	Indoor

	Frequency
	6GHz~10GHz

	Tx height
	1.188m

	Tx antenna elements number
	1024

	Tx aperture size
	0.28m

	Rx height
	1.378m

	Rx Antenna element number
	1

	Distance between Tx and Rx
	2.8m
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Figure 2. Delay and power measurement results among different antenna elements.
From the measurement results shown in Figure 2, the parameter variation among different antenna elements is obvious, which clearly demonstrates that the near-field propagation effect will occur and have the different propagation characteristics from the far-field propagation. In this way, the near-field propagation effect shall also be considered and studied for the channel modelling.
Observation 1: In the indoor scenario, the near-field propagation effect will occur and can be observed. 
Proposal 1: The near-field propagation effect needs to be considered for the channel modeling.
Scenario and antenna assumption 
In last RAN1#116bis meeting, the UMa, UMi, Indoor office and Indoor factory scenarios have been agreed to be considered for the study/modeling of near-field propagation. While for the RMa scenario, although configured with the large antenna array, the typical frequency used for the RMa scenario is usually a low frequency band, thus it can be the second priority and whether it shall be considered depends on companies’ evaluation results if provided. 
Observation 2: The RMa scenario can be considered for the near-field channel modeling depending on companies’ evaluation results.
As for the antenna assumption, it has been agreed that the antenna array is assumed for the near-field study. While for the aperture size of antenna array, following agreement has been made while the detailed value is still a pending issue.
	Agreement
For the assumption on the aperture size of antenna array, the following is considered as reference for channel model study.
· up to [TBD] m, or  [TBD] lambda for UMi
· up to [TBD] m, or [TBD] lambda for UMa
· up to [TBD] m, or [ TBD] lambda for Indoor office
· up to [TBD] m, or [TBD] lambda for Indoor factory


For the detailed value of aperture size, there are two formats given in the above agreement, one is from the perspective of physical size limitation, and the other one is given considering the frequency. In the field deployment, the physical size of antenna array is a hard limitation, thus it should be adopted as the bound format of aperture size. And not only the existing typical physical deployment aperture size, but the promising physical aperture size for future deployment shall also be considered. For the outdoor scenarios including the UMi and UMa, considering the layout and the extremely large antenna array is expected as a promising solution for the future MIMO technology, up to 1.3m of aperture size can be taken as a starting point for the study. While for the Indoor scenario including the Indoor office and Indoor factory scenarios, the different shapes of antenna array (e.g., the uniform linear array) shall be considered, then up to 1.5m of aperture size can be taken as a starting point for the study.
Proposal 2: For the assumption on the aperture size of antenna array, the following is considered as reference for channel model study.
· up to 1.3 m for UMi
· up to 1.3 m for UMa
· up to 1.5 m for Indoor office
· up to 1.5 m for Indoor factory 

Details of the Near-field channel modelling 
Antenna element-wise channel parameters modelling
As agreed in RAN1#116-bis, one of essential aspect is to investigate the antenna element-wise channel parameters for the direct path and non-direct paths with the near-field condition.
	Agreement
For the study of near-field channel modelling, at least following aspects should be considered:
· Whether/How to define the near-field region
· The parameters variation for each ray/cluster across different antenna element pairs


Then, in this section, the details on the antenna element-wise channel parameters modelling for both direct and non-direct path are elaborated.
Direct path between BS and UE
In RAN1#116bis meeting, following agreement has been made regarding the details to model the antenna element-wise channel parameters of direct path between BS and UE:
	Agreement 
For near-field channel, if necessary, to model the following antenna element-wise channel parameters of direct path between TRP and UE, 
· Angular domain parameters (i.e., AoA, AoD, ZoA, ZoD), Delay, initial phase, Doppler shift, Amplitude
· FFS: Impacts on the polarization
The following options are considered:
· Option-1: Determined by the locations of both TRP and UE.
· Option-2: Determined by the antenna element locations of both TRP and UE


Then, the following issues are further analyzed for the direct path:
To investigate the channel parameters variation among antenna elements, the simulation has been done under the UMi scenario with the layout shown in Appendix, where the BS is configured with a uniform planar array with an aperture size of 1.23m. 
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Figure 3. Parameter variation among different antenna elements for direct path.
Then, based on the simulation results, the variation for each parameter is analyzed:
· Delay: As the example shown in Figure 3 for single UE with the distance between BS and UE is 48m, it can be observed that the delay changes among different antenna elements. Additionally, according to the measurement delay data shown in Figure 2, the delay variation among different antenna elements can be clearly observed since the delay variation exceeds the delay resolution, which demonstrates that the antenna element-wise delay shall be modeled for the near-field channel.
· Angular domain parameters: In addition to the results for single UE shown in Figure 3, the overall changes of the angular domain parameters for the setup with different 3D distance between BS and LOS UEs are shown in Figure 4(a). From the results, both the zenith angle (i.e., ZOD) deviation and the azimuth angle (i.e., AOA, AOD) deviation can be clearly observed especially when the UE is nearing the BS, e.g., within the Rayleigh distance.  Moreover, since the location of the BS is much higher than UE in the simulation setup, the overall range of the zenith angle is limited. Then, even the maximum value of deviation is small, the ratio is still significant.  
Thus, the antenna element-wise angular domain parameters (i.e., AOA, AOD, ZOA, ZOD) needs to be modeled for the near-field channel.  
· Doppler: According to the existing methodology for channel realization, the Doppler shift is related to the UE velocity and the angular parameters. Considering that the antenna element-wise angular domain parameters shall be modeled, it’s apparent that antenna element-wise Doppler shift shall also be modeled for the near-field channel.
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Figure 4. Parameters deviation among antenna elements pairs for direct path.
· Amplitude: According to the above simulation results in Figure 3 and measurement data shown in Figure 2, the power deviation value among different antenna elements is small. This observation is also aligned with the power deviation results among antenna elements for set of simulations with different 3D distances between BS and LOS UEs. More specifically, it can be seen from Figure 4(b) that the power deviation among different antenna elements is small even when the UE is near the BS and decreases within the increase of 3D distances. Thus, there is no need to model the antenna element-wise power parameters.
· Initial phase: In existing channel model, for the direct path (i.e., LoS ray), the initial phase is assumed to be zero and the impact on the phase due to the propagation is reflected by the first three exp(*) components, where the 3D distance between the BS and UE is used.


For the near-field case, as shown above, with consideration on the element-wise delay and angular parameter comparing to the reference antenna, it seems that the same initial phase can be still assumed.  
Observation 3: According to the simulation results and measurement data, at least the angular parameters (i.e., AOA, AOD, ZOA, ZOD), delay, Doppler shift are of necessary to be modeled as antenna element-wise channel parameters for the near-field channel. 
Moreover, there are two options listed in the agreement regarding how to determine such antenna element-wise parameters for the direct path between BS and UE. Based on the above analysis and simulation results, it is apparent that it should be determined by the antenna element location of BS and UE (i.e., Option-2) to reflect the antenna element-wise parameters change. And considering the antenna element location of both BS and UE can be exactly known, it’s obvious that these antenna element-wise parameters can be directly determined by the geometric calculation according to the antenna element location of both BS and UE. 
Following Figure 5 shows the geometric calculation results of antenna element-wise delay for the direct path between BS and UE can be aligned with the measurement delay results. It should be noticed that for the measurement data, due to the limitation of bandwidth, the step-wise phenomenon of the delay is observed. For example, given the sample rate, the observed delay for the LoS ray identified from the PDP (power delay profile) will be similar to the value after ceil(X) operation. Thus, the antenna element-wise channel parameters can be determined by the geometric calculation according to the antenna element location of both BS and UE.
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Figure 5. Measurement and geometric calculated delay results.
Proposal 3: For near-field channel, the following antenna element-wise channel parameters of direct path between BS and UE should be modeled according to Option-2.
· Angular domain parameters (i.e., AoA, AoD, ZoA, ZoD), Delay, Doppler shift.
Non-direct paths between the BS and UE 
Similar as the antenna element-wise channel parameters of direct path between BS and UE, the antenna element-wise channel parameters of non-direct path between BS and UE can also be considered for the near-field modelling. Following simulation results in Figure 6 shows the delay, angular parameters (i.e., AOA, AOD, ZOA, ZOD) are different among different antenna element pairs for the non-direct path between BS and UE, which illustrates that these parameters shall be modeled as antenna element-wise channel parameters. While since the power variation among different antenna elements for the non-direct path between BS and UE is slight according to results, whether it shall be modeled as the antenna element-wise power parameters for the non-direct path between BS and UE may need further discussion. 
And for the Doppler shift, similar as the above analysis of the direct path between BS and UE, since it’s related to the angular domain parameters, it shall also be modeled as the antenna element-wise Doppler shift for the non-direct path between BS and UE.
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Figure 6. Parameter variation among different antenna elements for non-direct path
Proposal 4: For near-field channel, at least the following antenna element-wise channel parameters of non-direct paths between BS and UE shall be modeled:
· Angular domain parameters (i.e., AoA, AoD, ZoA, ZoD), Delay, Doppler shift
More specifically, as for how to obtain the antenna element-wise channel parameters for the non-direct path between the BS and UE, following alternatives can be considered:
· Alt-1: The antenna element-wise channel parameter for each non-direct path between the BS and UE can be determined in a statistic way.
From the simulation results shown in Figure 6, following observations can be obtained:
· The angles among antenna elements are different for the non-direct path, and the observed delay and phase variation among antenna elements are non-linear;
· There may exist the relationship between channel parameter value and the antenna element position/index. Taking the AOA variation results as an example, the AOA value per antenna element for an near-field non-direct path changes within the changes of element position/index in a row. 
According to the observed phenomenon from the simulation results, the antenna element-wise channel parameters between the BS and UE for the near-field non-direct path can be statistically fitted to reflect the antenna element-wise changes.   
· Alt-2: The antenna element-wise channel parameters for each near-field non-direct path can be directly calculated based on the existing spatial consistency procedure A.
The key point to obtain the antenna element-wise channel parameters for a near-field non-direct path is to capture how the channel parameters changes within the change of antenna element position. From this perspective, the antenna elements can be treated as a ‘moving antenna element’, then this issue is converted into how to generate the antenna element-wise channel parameters along with 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 7 as an example, the antenna element N can be treated as moving from antenna element 1, and the position change from the antenna element 1 to antenna 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 antenna element N can be calculated based on the channel parameters of antenna element 1 and the position change between the antenna element N and the antenna element 1.  
[image: ]
Figure 7. ‘Moving element’ of the antenna array.
The simulation results based on the methods of Alt-2 is shown in Figure 8, which shows the channel parameters variation between the different antenna elements of BS and a UE for a non-direct path.
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(a) Antenna array                                                (b)Relative Delay variation
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(c)Angle variation                                          (d)Phase variation
Figure 8. Antenna element-wise channel parameters based on existing spatial consistency procedure A.
In conclusion, there are two alternatives proposed to determine the antenna element-wise channel parameters for near-field non-direct paths. The Alt-1 is based on the statistical fitting methods to reflect the parameter variation among antenna elements, 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 antenna element-wise parameters, which have less specification impact and complexity than the Alt-1.
Proposal 5: For near-field channel, the antenna element-wise channel parameters of non-direct path can be determined by following alternatives: 
·  Alt-1: Using the statistical fitting methods to determine the antenna element-wise channel parameters.
· Alt-2: Reusing the existing spatial consistency procedure A to calculate the antenna element-wise channel parameters.
Modelling methodology 
Consistency between near- and far- field modelling
In last RAN1#116bis meeting, regarding the methodology of near-field channel modelling, following agreement has been made:
	Agreement:
For near-field channel model, RAN1 strives to design a unified model to explicitly reflect the new properties of near- and existing properties of far-field under the structure of existing stochastic model TR 38.901.
· FFS: whether the same or different implementations, e.g., procedures/equations, are used for near- and far-field channel realization 


From the viewpoint of modelling accuracy, if same model can be considered, the consistency, e.g., channel characteristic vs. the mobility of same UE or different UEs in different location can be ensured. However, considering the impact on modelling implementation, if the same implementations are used for near-field and far-field channel realization, i.e., the near-field channel realization is directly used without the differentiation between the near-field channel and far-field channel, the simulation complexity will be significantly increased. Thus, the different implementations, e.g., procedures/equations, can be used for near- and far-field channel realization.
Proposal 6: Different implementations, e.g., procedures/equations, are used for near- and far-field channel realization.
Definition on the near-field region
As discussed in last meeting, whether/how to define the near-field region is agreed to be considered for the study of near-field channel modelling. Following the principle of modelling methodology described above, it’s obvious that the near-field region and far-field region shall be clearly distinguished, then the different channel realization procedures can be applied for the near-field and far-field channel, respectively. 
More specifically, regarding how to define the near-field region, defining a boundary is a common and simple way to differentiate the near-field region and far-field region. While for the criteria to determine such a boundary, the performance metric-based way was proposed and discussed in last meeting. In our view, the different performance metrics are used for the different technical solutions, which may have different impact on the near-field region determination, e.g., the determined/calculated near-field region is different according to the different performance metrics. Besides, although the established channel model is served for the performance evaluation of technical solutions, the criteria to determine the boundary between the near-field region and far-field region is mainly used to clearly capture the near-field propagation characteristics from the channel modelling perspective, which should be decoupled from the specific technical solutions. Thus, it’s not reasonable to determine such a criterion based on the performance metric. 
Considering that the criteria is used to differentiate the near-field and far-field propagation characteristics, it has impact on the channel modelling accuracy. Further, since the different channel realization procedures are used for the near-field region and far-field region respectively, the criteria also have impact on the channel modelling complexity. Then, when discussing the criteria to define the near-field region, both the modelling accuracy and modelling complexity should be considered.
Observation 4: The near-field region is different based on the different performance metric of different technical solutions. And the criteria to determine the boundary between the near-field region and far-field region is mainly used to clearly capture the near-field propagation characteristics from the channel modelling perspective, which should be decoupled from the specific technical solutions.
Proposal 7: The criteria to define the near-field region shall both consider the modelling accuracy to capture the different propagation characteristics and the complexity of modelling methodology.
· The performance metric-based way shall not be considered for the criteria. 
Near-field/far-field condition determination
In last RAN1#116bis meeting, following agreement has been made regarding the near-field or far-field condition for the direct path and non-direct paths between BS and UE:
	Agreement
The near- or far-field condition should be studied for the direct path and non-direct paths between BS and UE.
· The near-/far-field condition for the direct path may be assessed by using the 3D BS-UE distance.
· FFS: The determination of near-/far-field condition for the non-direct paths
· Note: The direct path is referring to the LoS ray in the TR 38.901 in principle.
· Note: The non-direct paths are referring to the cluster/ray(s) without including LoS ray in the TR 38.901.


For the near-/far-field condition of the direct path between the BS and UE, it can be directly calculated and assessed according to the 3D BS-UE distance as agreed. In this case, the propagation condition of UE can be jointly determined by the LOS condition and near-/far-field condition, i.e., LOS NF (near-field) UE, LOS FF(far-field) UE, NLOS NF UE, NLOS FF UE 
While for the determination of near-/far-field condition for the non-direct paths between the BS and UE, the near-/far-field condition of non-direct paths 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-/far-field condition of non-direct paths can be determined by the near-field probability, which is used to measure the probability that the non-direct paths between the BS and UE are in near-field condition.  
Following Figure 9 is an example to show the near-field probability for non-direct paths between the BS and UEs with the different propagation conditions 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 non-direct path among all non-direct path between BS and 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 9. Results of near-field probability for Indoor Office scenario.
Observation 5: When using the statistic fitting modeling methods to determine the near-/far-field condition of non-direct paths between the BS and UE, 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 8: The near-/far-field condition of non-direct paths between the BS and UE can be determined in a statistic way to keep consistency with the existing channel modeling methodology of TR 38.901.
In conclusion, according to all essential aspects discussed above, the whole channel realization procedures of near-field channel modelling are shown as following Figure 10. 

[image: IMG_256]
Figure 10. The channel realization procedures
Proposal 9: The whole channel realization procedures to capture the near-field propagation is shown as following.
[image: IMG_256]
Discussion on spatial non-stationarity
Issues for spatial non-stationarity
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 increase of antenna array size, the spatial non-stationary phenomenon cannot be ignored. For example, a blockage near the BS may cause that some clusters are only visible to part of the large antenna array, resulting in the different blockage conditions between elements, and the channel parameters among elements will also be different. In this case, the following issues need to be considered when studying and establishing the spatial non-stationary model.
· Issue 1: The parameter changes for the impacted path
To clearly reflect the phenomenon of spatial non-stationary, the RT platform is used to simulate the influence of local blockage. Taking UMi scenario as an example, the simulation maps are shown in Figure 11. 
[image: map]
(a) Map1:UMi scenario without blockage between BS and UE 
[image: map_block2]
(b) Map2:UMi scenario with blockage between BS and UE
Figure 11. Simulation map
The following Figure 12 (a) and (b) are given to show the power change of the blocked cluster/ray. In map 1 there is no blockage between BS and UE, thus the power of the LOS ray changes slightly with the distance between UE and BS element. While in map 2, a blockage is located between UE and BS. And from the view of UE, the antenna array of BS is partly blocked by the blocker. In the blocked area, the electromagnetic wave penetrates the blocker and then arrives BS, that is, the LOS ray changes to penetration ray. In this way, the power observed on BS side decreases significantly in the blocked area. From the simulation results, it can be seen that the power difference between LOS ray and penetration ray is greater than 30dB. Therefore, the power of penetration ray is small enough to ignore in the spatial non-stationary model.
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(a) The power variation in Map 1              (b) The power variation in Map 2
Figure 12. The parameters observed on BS side
Observation 6: If a ray/cluster is blocked, the power of the ray/cluster will decrease significantly. From the simulation results, it can be seen that the power of penetration ray/cluster is small enough to ignore in the spatial non-stationary model.
Proposal 10: The reduction of the power for the impacted ray/cluster should be considered in the spatial non-stationary model.
· Issue 2: The parameter for the potential new paths 
Considering the electromagnetic properties, the existence of the new object, i.e., blocker, may introduce some new paths including diffraction paths and scattering paths. To evaluate the impact and possibility of these new paths, the following simulation is given to show the impact of diffraction and scattering from the added blocker. 
An object as shown in Figure 13 is located near an antenna array which has  elements and this object can be treated as a complex source. According to physical optical scattering model and surface current model, the electromagnetic wave generated by the surface current of the object can be calculated. The Figure 14 shows the received power of new paths among different antenna elements.
[image: scatter_model_position_2]
Figure 13. The location of scatter and antenna array
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[bookmark: _GoBack]Figure 14. The received power by each antenna element (No power received in the lower right region with dark-blue)
According to the observed phenomenon from the simulation results, it can be seen that the received power of new paths change irregularly among different antenna elements.  Moreover, regarding the power of the new path, although some new paths can be received by other elements, by assuming that the power of the electromagnetic wave is 1 when arriving the object, the degradation of the received power is much larger than 80 dB, which is significant than the free space transmission for given distance between object and antenna element. Then, it means that the new path is negligible. 
Observation 7: The blocker will introduce new paths with irregular received power among different antenna elements.
Observation 8: The power of new path observed in receive antenna side is negligible.
Thus, in order to model the new path, following options can be considered:
· Option-1: Considering that the power of new paths generated by blocker is much smaller than the power of direct path, it is reasonable that the new diffraction and scattering paths introduced by blocker are not considered, and only consider the reduction of the power for the impacted ray/cluster for the spatial non-stationary model.
· Option-2:  The attenuation caused by each blocker to each sub-path is modeled using a simple knife edge diffraction model in blockage model B in TR38.901. Therefore, the blockage attenuation determination process in blockage model B can be used to reflect the impact of diffraction clusters introduced by blocker. An example is shown in Figure 15 and 16. According to the blockage attenuation determination process in blockage model B, the attenuation caused by blocker to LOS path is shown in Figure 16. 
[image: block setup]                         
Figure 15. the location of BS, UE and blocker   
[image: block model B loss]
Figure 16. the attenuation caused by blocker to LOS path
Proposal 11: The following options can be studied to model the parameters, e.g., power, of the new paths:
· Option 1: Do not consider new paths introduced by blocker.
· Option 2: Use the blockage attenuation determination process in blockage model B to model the power of new paths.
Details of spatial non-stationarity model
Methodology for spatial non-stationarity model
In RAN#116b, regarding the following agreement has been made with two options proposed to identify the impacted ray/cluster and element-pair link:
	Agreement
For the modelling of spatial non-stationarity, at least the following options can be studied to identify the impacted ray/cluster and element-pair link:
· Option 1: Introducing per ray/cluster the visible probability, or visibility region for set of antenna element
· Option 2: Introducing the physical blocker to emulate the blockage impact on the link for each element-pair
Note: The consistency across antenna elements and across clusters should be guaranteed. 


Regarding these two options, considering that the spacing between elements is always small, there exists a high correlation between adjacent elements. And the clusters with the same departure or arrival directions also have a high correlation. Therefore, to develop an accurate spatial non-stationary model, it is of great significance to guarantee the consistency between clusters and the consistency between elements.
In Option 1, the visible probability is individual for each element pair and each cluster. So, visible probability method can not guarantee the consistency between elements and the consistency between clusters. As for visibility region method, since the visible region is continuous, consistency between elements can be guaranteed. However, the visible region does not correlate with the direction of cluster. The visible region corresponding to each cluster is completely random, which can not guarantee the consistency between clusters. Thus, the Option-1 cannot be considered for the modelling of spatial non-stationarity.
While for the Option 2, the physical blocker is introduced, then the blockage conditions for each antenna element pair  are directly and accurately determined according to the geometric relation among blockers, receive antenna elements and transmit antenna elements. For example, as shown in Figure 17, all blocked clusters’ AOA are within the angle range . Additionally, since the azimuth angle is discontinuous at 180°and -180°in some cases, the blocked values of AOA may be discontinuous, while the blocked area of AOA is continuous in geometric term. Option 2 can achieve the continuity in geometric term. Figure 18 is given as an example to show the consistency among antenna elements. In this example, blockage model B is used to determine the blockage condition for each antenna element pair. Thus Option 2 can guarantee the consistency between clusters and the consistency between elements at the same time. 
[image: consis_cluster(1)]       [image: block flag]
Figure 17. Consistency among clusters             Figure 18. Consistency among elements
Observation 9: Introducing per ray/cluster the visible probability, or visibility region for set of antenna element (i.e., Option-1) cannot guarantee the consistency across antenna elements and across clusters, while introducing the physical blocker to emulate the blockage impact (i.e., Option-2) can guarantee the consistency across antenna elements and across clusters at the same time.
Proposal 12: For the modelling of spatial non-stationarity, introduce the physical blocker (i.e., Option-2) to emulate the blockage impact on the link for each element-pair.
Detailed procedure for spatial non-stationary model
As mentioned above, for the Option-2, the physical blocker can be introduced to emulate the blockage impact on the link for each element-pair. In blockage model B of TR 38.901, deterministic locations and sizes of blockers are defined in blockage model B, blockers are modeled as rectangular screens that are physically placed on the map. The blockage conditions are determined according to clusters directions and the locations and sizes of blockers. Thus, reusing the blockage model B in TR 38.901 is a feasible way to establish an exact spatial non-stationary model.
The following updated diagram in Figure 19 is provided to show the step-wise procedure:
[image: SNS_flow]
Figure 19. Channel coefficient generation procedure.
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 in the same way as 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 condition and 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 elements. For direct path, the blockage condition for each BS antenna element can be determined by the direction of the BS and UE antenna element pair. For non-direct paths, the blockage condition for each BS antenna element can be determined by the direction of the BS antenna element and ray/cluster, e.g., AoD/ZoD at BS side. The illustration of blockage condition determination for direct path and non-direct paths can be shown in Figure 20 and 21.
[image: SNS option1_1(1)]
Figure 20. Illustration of the geometric relation among blocker, receiver and transmitter for the direct path.
[image: SNS option1_2(1)]
Figure 21. Illustration of the geometric relation between blocker and receiver for non-direct paths.
In TR 38.901, the blocker screen is rotated around its center 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 to change with the arrival direction of each antenna element pair. The following are two options to generate the blocker screen rotations.
· Option A:
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 22.
[image: SNS_option1_3]
Figure 22. Rotation of the blocker changes with the element pair
· Option B:
To simplify the model, a reference antenna element pair can be determined first. For example, as shown in Figure 23, the red dots can be chosen as reference element pair. For the reference antenna element pair, blocker screen is rotated around its center 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 23. Rotation of the blocker is determined according to reference element pair
Same as the determination 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, otherwise, the cluster of the element pair can be determined as not blocked by the screen.
Regarding the impacts on the power of the blocked path and potential new paths from the blocker, the solutions mentioned in section 3.1 applies. 
Then, based on blockage model B, the blockage conditions and attenuation are determined according to the geometric relation among deterministic location of blockers, receive antenna elements and transmit antenna elements. At the same time, this method can guarantee the consistency between clusters and between elements simultaneously.
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]

Conclusion
In this contribution, we provide our analysis and proposals for the channel model adaptation/extension of TR38.901 at least for 7-24GHz.
For near-field channel model:
Observation 1: In the indoor scenario, the near-field propagation effect will occur and can be observed. 
Observation 2: The RMa scenario can be considered for the near-field channel modeling depending on companies’ evaluation results.
Observation 3: According to the simulation results and measurement data, at least the angular parameters (i.e., AOA, AOD, ZOA, ZOD), delay, Doppler shift are of necessary to be modeled as antenna element-wise channel parameters for the near-field channel. 
Observation 4: The near-field region is different based on the different performance metric of different technical solutions. And the criteria to determine the boundary between the near-field region and far-field region is mainly used to clearly capture the near-field propagation characteristics from the channel modelling perspective, which should be decoupled from the specific technical solutions.
Observation 5: When using the statistic fitting modeling methods to determine the near-/far-field condition of non-direct paths between the BS and UE, 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 near-field propagation effect needs to be considered for the channel modeling.
Proposal 2: For the assumption on the aperture size of antenna array, the following is considered as reference for channel model study.
· up to 1.3 m for UMi
· up to 1.3 m for UMa
· up to 1.5 m for Indoor office
· up to 1.5 m for Indoor factory 
Proposal 3: For near-field channel, the following antenna element-wise channel parameters of direct path between BS and UE should be modeled according to Option-2.
· Angular domain parameters (i.e., AoA, AoD, ZoA, ZoD), Delay, Doppler shift.
Proposal 4: For near-field channel, at least the following antenna element-wise channel parameters of non-direct paths between BS and UE shall be modeled:
· Angular domain parameters (i.e., AoA, AoD, ZoA, ZoD), Delay, Doppler shift
Proposal 5: For near-field channel, the antenna element-wise channel parameters of non-direct path can be determined by following alternatives: 
·  Alt-1: Using the statistical fitting methods to determine the antenna element-wise channel parameters.
· Alt-2: Reusing the existing spatial consistency procedure A to calculate the antenna element-wise channel parameters.
Proposal 6: Different implementations, e.g., procedures/equations, are used for near- and far-field channel realization.
Proposal 7: The criteria to define the near-field region shall both consider the modelling accuracy to capture the different propagation characteristics and the complexity of modelling methodology.
· The performance metric-based way shall not be considered for the criteria. 
Proposal 8: The near-/far-field condition of non-direct paths between the BS and UE can be determined in a statistic way to keep consistency with the existing channel modeling methodology of TR 38.901.
Proposal 9: The whole channel realization procedures to capture the near-field propagation is shown as following.
[image: IMG_256]
For spatial non-stationarity:
Observation 6: If a ray/cluster is blocked, the power of the ray/cluster will decrease significantly. From the simulation results, it can be seen that the power of penetration ray/cluster is small enough to ignore in the spatial non-stationary model.
Observation 7: The blocker will introduce new paths with irregular received power among different antenna elements.
Observation 8: The power of new path observed in receive antenna side is negligible.
Observation 9: Introducing per ray/cluster the visible probability, or visibility region for set of antenna element (i.e., Option-1) cannot guarantee the consistency across antenna elements and across clusters, while introducing the physical blocker to emulate the blockage impact (i.e., Option-2) can guarantee the consistency across antenna elements and across clusters at the same time.
Proposal 10: The reduction of the power for the impacted ray/cluster should be considered in the spatial non-stationary model.
Proposal 11: The following options can be studied to model the parameters, e.g., power, of the new paths:
· Option 1: Do not consider new paths introduced by blocker.
· Option 2: Use the blockage attenuation determination process in blockage model B to model the power of new paths.
Proposal 12: For the modelling of spatial non-stationarity, introduce the physical blocker (i.e., Option-2) to emulate the blockage impact on the link for each element-pair.
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]
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Appendix
Simulation layout for UMi
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