


[bookmark: OLE_LINK35][bookmark: OLE_LINK34][bookmark: OLE_LINK8][bookmark: OLE_LINK9]3GPP TSG RAN WG1 #117		                                                      R1-2404416
Fukuoka, Japan, May 20th – May 24th, 2024
[bookmark: _GoBack]
Source:	CATT
[bookmark: Title]Title:	On channel model adaptation/extension of TR38.901 for 7-24GHz
[bookmark: Source]Agenda Item:	9.8.2
[bookmark: DocumentFor]Document for:	Discussion and Decision

1. [bookmark: _Ref521334010]Introduction
As approved in RAN#102 meeting, channel modelling enhancements for 7-24GHz include the following objectives [1]:
	· 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, our views on channel model adaptation/extension for 7-24GHz are provided.
2. Discussions
2.1. Modelling methodology 
Near-field propagation
[bookmark: _Hlk166231653]In general, the electromagnetic field can be divided into three regions: the induced near-field region, the radiated near-field region (Fresnel region), and the far-field region, as shown in Figure 1. Since electromagnetic waves in the induced near-field usually do not propagate around the source, the radiated near-field region is more relevant to radio communication. Therefore the study of near-field can focus on the radiated near-field region. 
[image: ]
[bookmark: _Ref162970458]Figure 1 The schematic diagram of near-field and far-field
When electromagnetic waves propagate in space, they are approximately spherical waves in the near-field region and plane waves in the far-field region, as shown in Figure 2. The spherical waves in the near-field cause variations in the arrival and departure angles of different antennas. 
[image: C:\Users\shikong\Desktop\信道建模\球面波示意图.jpg]
[bookmark: _Ref162970472]Figure 2 The schematic diagram of near-field spherical wave and far-field plane wave
[bookmark: _Ref163057829]With the expansion of antenna aperture, the effective range of the near-field increases. Then more devices would fall in the near-field region. In the actual scenarios, some devices are in the near-field region, and some are in the far-field region. It is necessary to model both near-field model and far-field model, and the continuity of near-field and far-field channel model must be guaranteed. Both channel models shall be applicable for the devices at the boundary of near-field and far-field, and the smooth transition of channel models should be available. 
Since the electromagnetic wave is spherical wave in the near-field, and it is almost equal to plane wave in the far-field. Many characteristics of near-field and far-field are inconsistent, and far-field model of TR 38.901 cannot be used for near-field. As the distance from TRP to UE increases, the spherical wave approaches to the plane wave, and near-field model can be smoothly transferred to far-field model.
In RAN1 #116bis meeting, the following agreement for near-field channel model was reached:
	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.
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.
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
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


It is noted that the reason RAN1 agreed to strive for a unified model is this is beneficial for simplifying the implementation. However, this should not be interpreted as the same line of code/implementation are used for both near field and far field. Actually, there are still differences between near-field and far-field. If the same model is used for both and the near-field or far-field propagation effects are generated based on specific instances of electromagnetic wave propagation, the model would become overly complex.
A simplified approach would be to first identify whether the scenario involves near-field or far-field. Then, using different procedures or equations within the framework of TR 38.901, the specific model implementation can be generated. This is the most feasible solution.
[bookmark: _Ref165910742]Proposal 1: Different implementations, e.g., procedures/equations, are used for near- and far-field channel realization. 

· The principle of determining the boundary of near-field and far-field:
The boundary of near-field and far-field needs to be determined. Theoretically, the boundary between near-field and far-field is the Rayleigh distance defined as , where  is the aperture size of the array and  is the wavelength. But in different scenarios, whether the boundary of near-field and far-field should be redefined needs to be studied. 
Regarding the determination of the boundary between near-field and far-field, different formulas are provided in [2]. Some studies suggest that using Rayleigh distance as the boundary between near-field and far-field is not particularly accurate. According to different evaluation requirements, different boundaries of near-field and far-field can be defined to ensure accuracy. However, the principle of measuring the boundary between near-field and far-field should be determined, and the complexity should not be too high.
The boundary between near-field and far-field should be distinguished according to the different characteristics of near-field and far-field. In the near-field, electromagnetic wave is similar to spherical wave, and the angle of electromagnetic wave propagation is related to the distance to the transmitting antenna. In the far-field, electromagnetic waves are similar to plane waves, and the angle of electromagnetic wave propagation is irrelevant of the distance to the transmitting antenna. In the near-field and the far-field, the lobe pattern of electromagnetic wave is different. The power of near-field and far-field is also inconsistent, and the closer the transmitting antenna is, the greater the power is. The near-field and the far-field can be distinguished according to the angle change and the power of electromagnetic wave propagation. For example, given a threshold, if the angle change is greater than this threshold, it is near-field, otherwise it is far-field. If the normalized power of a position is greater than a given threshold, it is near-field, otherwise it is far-field. The criterion for deciding the boundary of near field and far field should be based on deployment scenario (antenna configuration) and requirement (phase error criterion, power ratio criterion, channel capacity criterion etc).
[bookmark: _Ref165910745]Proposal 2: Two principles should be followed in the determination of near-field and far-field boundary. 
· The complexity should not be too high. 
· Different near-field and far-field boundaries can be defined according to different evaluation requirements.
[bookmark: _Ref165910747]Proposal 3: The criterion for deciding the boundary of near field and far field should be based on deployment scenario (antenna configuration) and evaluation requirement (phase error criterion, power ratio criterion, channel capacity criterion etc).

· Determination of boundary of near-field and far-field under NLOS:
Under NLOS scenario, the angle of electromagnetic wave propagation will change due to blocking or scattering of clusters, which will affect the boundary between the near-field and the far-field. The near-field far-field boundary under NLOS scenario is closely related to the cluster location. When studying the near-field and far-field boundary under NLOS scenario, it is necessary to model the locations of clusters. The locations of clusters can be randomly generated between gNB and UE. The area which the locations of clusters can be randomly generated in should be further studied, e.g., according to the 3D distance of gNB and UE. To simplify modeling, the clusters can be modeled as single-bounce clusters, the scattering of electromagnetic waves between multiple-bounce clusters is not considered and the relative angle parameters (AOA,ZOA,AOD,ZOD) can be calculated according to the locations of clusters. The effect of clusters on electromagnetic wave propagation angle is analyzed, and the boundary between near-field and far-field is defined according to the change of electromagnetic wave propagation angle.
[bookmark: _Ref165910748]Proposal 4: The near-field and far-field boundary under NLOS scenario is related to the locations of the clusters, it is necessary to model the locations of the clusters and calculate the relative angle parameters (AOA,ZOA,AOD,ZOD).

· Assumption on the aperture size of antenna array:
When considering the antenna size at 7-24 GHz, the antenna panel size should not be too large while ensuring the maximum utilization of antenna panel resources. However, due to the high carrier frequency, the gain of beamforming needs to compensate for part of the influence of path loss, and the number of antennas should not be too small. Considering that as the technology evolves, the number of antennas that can be supported in the future may be larger. The aperture size of antenna array depends on the number of antennas when the space between antenna elements is fixed at 0.5λ. Take dual-polarized antennas as an example, assuming that the number of antennas is 32*32*2 =2048, and the antenna panel size is 32* 0.5λ = 16λ, then the diagonal size of the antenna panel is λ≈ 22.6λ (28.25cm~94cm), which is no more than 1m. Compared with the UMi and Indoor scenarios, the UMa scenario has larger coverage and requires more antennas. So the UMa scenario supports larger antenna sizes than other scenarios. Therefore, the following proposal can be supported.
[bookmark: _Ref165910750][bookmark: _Ref166247004]Proposal 5: For the assumption on the aperture size of antenna array, the following is considered as reference for channel model study.
· For UMi, up to 0.5m/10 λ.
· For UMa, up to 1m/20λ.
· For Indoor office, up to 0.5m/10λ.
· For Indoor factory, up to 0.5m/10λ.

· Impacts on the polarization:
The near-field electromagnetic wave is a spherical wave. For different antenna pairs, due to the different relative positions, the electromagnetic wave received by UE has different propagation angles and field components, and the actual received power is also different. The calculation of the received power needs to consider the power loss of different antennas due to different polarization directions.
[bookmark: _Ref165910751]Proposal 6: It is necessary to consider the power loss of different antenna pairs due to different polarization directions.
Spatial non-stationarity 
In RAN1 #116bis meeting, the following agreement was made on spatial non-stationarity:
	Agreement
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
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.



When the propagation path is blocked or the scattered signal from a cluster is only observed by a part of the antenna array, the visible clusters of each antenna may be different, as shown in Figure 3. It is noticed that the impacts of large antenna array are modeled in clause 7.6.2 in [3], which are modelling of propagation delay and modelling intra-cluster angular and delay spreads. However, the modelling of propagation delay is developed assuming plane wave propagation. And the modelling of intra-cluster angular and delay spreads does not consider the possible invisible clusters. Moreover, the cluster powers for all clusters are generated in the current model. To model the spatial non-stationarity, an accurate modelling method is to model the visibility region of each cluster for each antenna, which is option 1. However, it could introduce excessive complexity, so a simplified method is needed to model the visibility region of each cluster for each sub-array. For option 2, introducing the physical blocker to emulate the blockage impact results the same as the invisible effect for option 1, if both options are modeled accurately enough. 
For both option 1 and option 2, the consistency across antenna elements and across clusters should be guaranteed. Since the visibility/blockage of each cluster for each antenna element/sub-array may be different, it is more accurate to consider the correlation of the visibility/blockage of the same cluster between adjacent antenna elements/sub-arrays. Meanwhile, the correlation of visibility/blockage of the adjacent clusters to the same antenna element/sub-arrays shall be modeled. Besides, the number of visible/unblocked clusters may be different for different antenna elements/sub-arrays. To accurately model these differences, a function depending on distances and locations can be considered. Therefore, the cluster location information shall be generated. To reduce modeling complexity, if the link for antenna elements and clusters is invisible or blocked, the power attenuation factor can be 0.
[bookmark: _Ref165910752]Proposal 7: For the modelling of spatial non-stationarity, the cluster location information shall be generated.
[bookmark: _Ref165910753]Proposal 8: For the modelling of spatial non-stationarity, the correlation of visibility/blockage of the same cluster between adjacent antenna element/sub-arrays shall be modelled.
[bookmark: _Ref165910754]Proposal 9: For the modelling of spatial non-stationarity, the correlation of visibility/blockage of the adjacent clusters to the same antenna element/sub-arrays shall be modelled.
[image: ]
[bookmark: _Ref162970510]Figure 3 An example of the spatial non-stationarity
[bookmark: _Ref165910755]If option 1 is supported, it is noticed that the visible region for set of antenna element may be different in the same direction but different distances. The visible region for set of antenna element shall be correlated to the distance between the set of antenna element and the cluster. Besides, judgment criteria for the visible region may be correlated to the elevation and azimuth angles and angular spans between the set of antenna element and the cluster. For example, only certain angle regions can be seen.
[bookmark: _Ref166229094]Proposal 10: For the modelling of spatial non-stationarity, if option 1 is supported, the visible region for set of antenna element shall be correlated to the distance between the set of antenna element and the cluster. Judgment criteria for the visible region shall be correlated to the elevation and azimuth angles and angular spans between the set of antenna element and the cluster.
[bookmark: _Ref165910757]If option 2 is supported, notice that the blocker may be located between gNB and clusters, the impact of the geometric relation among blocker, cluster and transmitter should be studied, which is not modelled in current specification. For more exactly modeling, the number of blockers, their vertical and horizontal extensions, locations can be modelled like the method in clause 7.6.4.2 in [3]. However, the modeling complexity is related to the number of rays/clusters and the number of antenna elements, if the blockage impact on the link for each element-pair needs to be modeled.
Proposal 11: For the modelling of spatial non-stationarity, if option 2 is supported, the impact of the geometric relation among blocker, cluster and transmitter should be studied.
2.2. Adaptation and extension of the channel model in TR 38.901 
[bookmark: _Ref163057941]For near-field channel model, it is necessary to model the electromagnetic waves as the spherical waves. In order to simulate spherical waves accurately, nonlinear models of angle and phase variance across the antenna array can be studied. Boundary of near-field and far-field under NLOS shall be determined at the step of “Assign propagation condition”. When calculating AoD/ZoD and AoA/ZoA, it is necessary to consider the influence of near-field spherical waves. At the same time, when modelling cluster location, the generation of cluster location is affected by the generation of delay of the corresponding path in [3][2]. Therefore, for near-field channel model, how to generate delay and calculate AoD/ZoD and AoA/ZoA need to be considered, which involves the steps of “Generate delay”, “Generate arrival & departure angle” in 3GPP channel model in Figure 4. The clusters’ locations should be generated at the step of "Generate cluster powers" before calculating AoD/ZoD and AoA/ZoA.
To model the variance of the signal strength among the antenna array, the antenna/sub-array position should be generated at the step of “Generate cluster powers”. The cluster power could be generate through the distance and the relative angle parameters between the antenna/sub-array and the cluster at the step of “Generate cluster powers”, if the antenna/sub-array position are generated.
As for the spatial non-stationary, if option 1 is supported, the visibility region of the cluster for each antenna array should be considered at the step of cluster generation. And to model the variance of the signal strength among the whole antenna array, the antenna position should be generated when generating the cluster power. To model the spatial non-stationary, an additional procedure to generate the visibility region of the antenna array for each cluster should be introduced at the step of “Generate arrival & departure angle”. A parameter or a function depending on distance could be introduced to model the visibility possibility between the sub-arrays and the clusters. 
If option 2 is supported, the physical blockers could be generated at the step of “Generate delays” with the cluster location. The power attenuation factor could be generated at the step of “Generate arrival & departure angle” according to the elevation and azimuth angles and angular spans between the set of antenna element and the cluster.
[image: ]
[bookmark: _Ref163056699]Figure 4 Channel coefficient generation procedure for 7-24 GHz
[bookmark: _Ref165910758]Proposal 12: For modelling of near-field, the steps of “Generate delay”, “Generate arrival & departure angle” based on TR 38.901 should be modified.
· Determine boundary of near-field and far-field under NLOS in step 2.
· Generate delay, arrival & departure angle corresponding to each antenna element/sub-array as a plane wave in step-5 and step-7.
· Generate the clusters’ locations and powers in step-6 before calculating AoD/ZoD and AoA/ZoA.
[bookmark: _Ref163057946]Proposal 13:  For modelling of spatial non-stationary, the steps of “Generate delay”, “Generate cluster powers” based on TR 38.901 should be modified.
· Generate the location information for each cluster and each antenna element/sub-array in step-5.
· Generate the visibility region of the antenna array for each cluster in step-7, if option 1 is supported.
· Generate the blocker and blockage impact in step-7, if option 2 is supported.
3. Conclusions
In this contribution, we provided our views on scenarios and modelling methodology for 7-24GHz. We also provided potential adaptation and extension of the channel model in TR 38.901.
Proposal 1: Different implementations, e.g., procedures/equations, are used for near- and far-field channel realization. 
Proposal 2: Two principles should be followed in the determination of near-field and far-field boundary.
· The complexity should not be too high. 
· Different near-field and far-field boundaries can be defined according to different simulation requirements.
Proposal 3: The criterion for deciding the boundary of near field and far field should be based on deployment scenario (antenna configuration) and evaluation requirement (phase error criterion, power ratio criterion, channel capacity criterion etc).
Proposal 4: The near-field and far-field boundary under NLOS scenario is related to the locations of the clusters, it is necessary to model the locations of the clusters and calculate the relative angle parameters (AOA,ZOA,AOD,ZOD).
Proposal 5: For the assumption on the aperture size of antenna array, the following is considered as reference for channel model study.
· For UMi, up to 0.5m/10 λ.
· For UMa, up to 1m/20λ.
· For Indoor office, up to 0.5m/10λ.
· For Indoor factory, up to 0.5m/10λ.
Proposal 6: It is necessary to consider the power loss of different antenna pairs due to different polarization directions.
Proposal 7: For the modelling of spatial non-stationarity, the cluster location information shall be generated.
Proposal 8: For the modelling of spatial non-stationarity, the correlation of visibility/blockage of the same cluster between adjacent antenna element/sub-arrays shall be modelled.
Proposal 9: For the modelling of spatial non-stationarity, the correlation of visibility/blockage of the adjacent clusters to the same antenna element/sub-arrays shall be modelled. 
Proposal 10: For the modelling of spatial non-stationarity, if option 1 is supported, the visible region for set of antenna element shall be correlated to the distance between the set of antenna element and the cluster. Judgment criteria for the visible region shall be correlated to the elevation and azimuth angles and angular spans between the set of antenna element and the cluster.
Proposal 11: For the modelling of spatial non-stationarity, if option 2 is supported, the impact of the geometric relation among blocker, cluster and transmitter should be studied.
Proposal 12: For modelling of near-field, the steps of “Generate delay”, “Generate arrival & departure angle” based on TR 38.901 should be modified.
· Determine boundary of near-field and far-field under NLOS in step 2.
· Generate delay, arrival & departure angle corresponding to each antenna element/sub-array as a plane wave in step-5 and step-7.
· Generate the clusters’ locations and powers in step-6 before calculating AoD/ZoD and AoA/ZoA.
Proposal 13:  For modelling of spatial non-stationary, the steps of “Generate delay”, “Generate cluster powers” based on TR 38.901 should be modified.
· Generate the location information for each cluster and each antenna element/sub-array in step-5.
· Generate the visibility region of the antenna array for each cluster in step-7, if option 1 is supported.
· Generate the blocker and blockage impact in step-7, if option 2 is supported.
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