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1. Introduction
In the TSG RAN Plenary #102, a RAN1 study item for FR3 (7-24 GHz) channel modeling has been agreed as the way forward with the following study objectives:
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 the RAN #116-bis meeting, the following agreements were made.
Agreement #1
The antenna array is assumed for the near-field study.
Agreement #2
For the study of near-field channel modelling, at least following aspects should be considered:
· Whether/How to define the near-field region
· The parameters variation for each ray/cluster across different antenna element pairs
Agreement #3
The following scenarios defined in TR38.901 should be considered for the study/modelling of near-field.
· UMa, UMi, Indoor office and Indoor factory
· FFS: RMa and other new scenarios













Agreement #4
For the assumption on the aperture size of antenna array, the following is considered as reference for channel model study.
· up to [TBD] m, or  [TBD] lambda for UMi
· up to [TBD] m, or [TBD] lambda for UMa
· up to [TBD] m, or [ TBD] lambda for Indoor office
· up to [TBD] m, or [TBD] lambda for Indoor factory

Agreement #5
For the near-field channel model:
· The impact of the assumption of wavefront is only considered from the perspective of antenna array.
· The near field for each element within the antenna array is not considered in this SI. 

Agreement #6
For near-field channel model, RAN1 strives to design a unified model to explicitly reflect the new properties of near- and existing properties of far-field under the structure of existing stochastic model TR 38.901.
· FFS: whether the same or different implementations, e.g., procedures/equations, are used for near- and far-field channel realization 

Agreement #7
The near- or far-field condition should be studied for the direct path and 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 #8 
For near-field channel, if necessary, to model the following antenna element-wise channel parameters of direct path between TRP and UE, 
· Angular domain parameters (i.e., AoA, AoD, ZoA, ZoD), Delay, initial phase, Doppler shift, Amplitude
· FFS: Impacts on the polarization
The following options are considered:
· Option-1: Determined by the locations of both TRP and UE.
· Option-2: Determined by the antenna element locations of both TRP and UE















































Agreement #9
The following scenarios defined in TR38.901 should be considered for studying/modelling of spatial non-stationarity
· UMi, UMa, Indoor office and Indoor factory
· FFS: RMa and other new scenarios

Agreement #10
For the modelling of spatial non-stationarity, at least the following options can be studied to identify the impacted ray/cluster and element-pair link:
· Option 1: Introducing per ray/cluster the visible probability, or visibility region for set of antenna element
· Option 2: Introducing the physical blocker to emulate the blockage impact on the link for each element-pair   
· Note: The consistency across antenna elements and across clusters should be guaranteed. 




















1.1 Inputs based on the RAN #116-bis Agreements:

In this contribution we provide our input on the options considered in the agreements and our proposals. The agreements which have our inputs are repeated here for convenience.

Agreement #6
For near-field channel model, RAN1 strives to design a unified model to explicitly reflect the new properties of near- and existing properties of far-field under the structure of existing stochastic model TR 38.901.
· FFS: whether the same or different implementations, e.g., procedures/equations, are used for near- and far-field channel realization 









The Near-Field channel co-efficient generations equations are described in Section 3 of this contribution. It is shown that new parameters are introduced pertaining to the cluster locations which are different from the existing Far-Field channel co-efficient generation equations. Hence the same equations cannot be used for both Near-Field and Far-Field.

Proposal 1: Different equations are needed to represent the Near-Field and far-Field channels as the current Far-field model does not support cluster location vectors.
Agreement #7
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.









According to the modifications proposed to the Fast-Fading model in Section 3 in this contribution, the near/far field condition is determined at the start in Step 2.1 itself and the subsequent steps are executed in accordance with Step 2.1. The determination of the near/far field condition is done with reference to the Tx-Rx propagation distance. Once the near/far field condition is identified then both the direct as well as non-direct paths are generated and processed accordingly. 

Proposal 2: The determination of the near/far-field condition for the both direct and non-direct paths can be done with reference to the 3D BS-UE distance.
Agreement #8
For near-field channel, if necessary, to model the following antenna element-wise channel parameters of direct path between TRP and UE, 
· Angular domain parameters (i.e., AoA, AoD, ZoA, ZoD), Delay, initial phase, Doppler shift, Amplitude
· FFS: Impacts on the polarization
The following options are considered:
· Option-1: Determined by the locations of both TRP and UE.
· Option-2: Determined by the antenna element locations of both TRP and UE














To determine the antenna element-wise channel parameters of the direct path between the TRP and UE, we support Option 2 to determine the antenna element locations of both TRP and UE. Antenna element locations modeling is exact, and the existing setup of element location vectors can be re-used.

Proposal 3: Support Option 2 to determine the antenna element locations of both TRP and UE.
 

Agreement #10
For the modelling of spatial non-stationarity, at least the following options can be studied to identify the impacted ray/cluster and element-pair link:
· Option 1: Introducing per ray/cluster the visible probability, or visibility region for set of antenna element
· Option 2: Introducing the physical blocker to emulate the blockage impact on the link for each element-pair   
· Note: The consistency across antenna elements and across clusters should be guaranteed. 











We support Option 1. Modeling per ray/cluster visibility region for the set of antenna elements is straightforward and simple. Whereas, introducing a physical blocker might add more complexity to the model.

Proposal 4: Support Option-1 to model per ray/cluster visible region for a set of antenna elements.

The following part of the contribution presents enhancements to the modeling approach of the channel model defined in TR38.901 for the 7-24 GHz frequency band, aiming to incorporate considerations for Near-Field propagation and Spatial Non-Stationarity. The frequencies within this band, spanning from 7 to 24 GHz, correspond to wavelengths ranging from 4 cm (approximately half the length of the long edge of a credit card) to 1 cm. This wavelength range translates into varying sizes for antenna panels, estimated between 11 meters to 3 meters, assuming a configuration of 256 cross-polarized antenna elements arranged in a Uniform Linear Array (ULA) setup.

The Near-Field (NF) zone for the 256 cross-polarized antenna elements configuration is delineated by distances ranging from  to  [1], where D represents the length of the ULA. For instance, an 11-meter antenna array entails NF distances spanning from 22 m to 600 m, while for the 3-meter antenna array, the distance ranges are from 6 m to 180 m. These NF distance ranges become comparable to the typical inter-site distances (ISDs) of Urban Macro (UMa) and Urban Micro (UMi) cells, which are approximately 500 meters and 200 meters, respectively. To illustrate further, considering the configuration of 256 cross-polarized antenna elements within the popular frequency band of 13 GHz, the resulting panel size would be approximately 6 meters, with NF distances ranging from 12 m to 300 m.

The expected distance ranges herald the possibility of having a large fraction of UEs in a sector within the NF zone. Since the distance ranges will be very close to the Base Station Antenna Array, it can be envisaged that many UEs within the NF zone shall be in LOS conditions. A small fraction of UEs might experience NLOS conditions. By the existing TR38.901 Section 7.5 Fast Fading Model, when the channel to be modeled is LOS, modeling of the channel phases is straightforward and can use the existing provisions of Tx (Transmitter) and Rx (Receiver) antenna element location vectors. However, for NLOS modeling, conventionally TR38.901 Section 7.5, models the clusters stochastically, i.e., specifies to generate AODs and AOAs and perform random coupling of the rays, emulating the presence of a cluster. This approach is well suited to model the existing Far-Field scenarios where the AODs and AOAs are sufficient to model the linear phase progression across the antenna elements. In contrast, for Near-Field channels, this NLOS modeling method becomes inadequate, as the phase progression across the antenna elements is non-linear. 

2. Background

Near-Field Propagation:
Figure 1 shows the scenario for communication in a Far-Field (FF) set-up. The wave of propagation in the FF scenario takes the shape of approximately a plane. A NLOS channel condition is portrayed in Figure 1 to describe the concept. Albeit the concept holds true for a LOS link also. A path ‘k’ from a cluster located in the Far-Field Region is incident upon the Base Station Antenna Array. Due to the planar wave propagation, the path ‘k’ forms the same angle of incidence across the antenna elements. 
[image: ]
Fig. 1 Far-Field Communication Scenario


The channel phases for a cluster in the far field is,


The same angle of incidence allows to model the phase across the antenna elements in a linear progression. As an effect of the large propagation distance, all antenna elements in the antenna array are assumed to have identical angles. Since the identical angle assumption is employed, the TR38.901 models the clusters as stochastic. The stochastic model of a cluster in the TR38.901 generates AoDs and AoAs and performs a random coupling between them through a gain function to model the path gain from Tx to Rx. 

Figure 2 exemplifies the communication scenario for a cluster in the Near-Field. The wave of propagation in the NF scenario becomes spherical. A path ‘k’ from a cluster in the NF, when incident upon a Base Station Antenna Array forms different angles of incidences across the antenna array elements. The spherical wave nature of the wave induces different phases for each antenna element. 
  [image: ]
Fig.2 Near-Field communication Scenario

The channel phases for a cluster in the near field is, 
 

The phases along the antenna elements are unique, requiring the distances to each antenna element in the antenna array from the cluster. To model the distances to each antenna element, the channel model requires the exact location of the clusters. 

Observation 1: Every antenna element has a unique angle, requiring the distances to each antenna element from the cluster.

Observation 2: Incorporation of spherical wave propagation requires the exact location of the cluster relative to each of the Base station antenna elements.


Spatial Non-Stationarity: 
Figure 3 displays a large antenna array being partitioned into sub-arrays for the illustration of concept. Two clusters are reflecting signals onto the antenna array where a blockade is blocking signals. Sub-arrays 1 & 2 receive signals from cluster 1 and sub-arrays 3 & 4 receive signals from cluster 2. This illustration shows that different parts of the sub-array receive signals from different clusters. The resulting Power Delay Profile (PDP) are different for different parts of the array. In this example, at sub-array 2 the PDPs from clusters 1 & 2 overlap which results in a combined impulse response at that sub-array.

[image: ]

Fig.3 Illustration of Spatial Non-Stationary Channel

PDPs of sub-array(s) where different clusters overlap signals shall be added together with proportionate weights determined from measurement to derive the resultant PDP. Since the PDPs arise from different clusters situated at different locations, the amplitude of the individual PDPs will also vary. Power variations within the set of sub-arrays need to be modeled.  Physical cluster’s location can be associated with different parts of the sub-array to model the power variations within and across sub-arrays.

Observation 3: A subset of antenna elements, referred to as sub-arrays receive multipaths from different clusters simultaneously. A set of sub-arrays are associated to cluster(s) which serve those sub-array(s) to derive Power Delay Profiles.   

Observation 4: Spatial Non-Stationarity can also use cluster locations to associate clusters to different parts of the antenna array. 

Proposal 5: To account for the near field propagation and spatial non-stationarity, the concept of physical location of clusters needs to be modeled in 38.901.  

Proposal 6: Sub-array(s) physical location relative to the cluster(s) physical location is required to enable modeling of different PDPs as well as power variations for spatial non-stationarity. 

3. Potential TR38.901 Impacts

The scenarios of relevance for 7-24 GHz in the TR38.901 Section 7.2 can be UMa and UMi as FR3 is more likely to be deployed in these scenarios where a necessity for adequate coverage and capacity are required. We list down the potential impacts to the existing TR38.901 channel model to incorporate Near-Field and Spatial Non-Stationarity.

3.1 Channel Coefficient Generation for Near-Field Propagation and Spatial Non-Stationarity:

Introduction of cluster locations into the TR38.901 channel model is required to capture the spherical wave property of the NF. The location of the clusters will enable the channel model to compute the channel behavior with respect to the position of each antenna element in the antenna array. 

According to the current TR 38.901, the channel co-efficient generation procedure comprises of 12 steps. Some of these steps are modified to incorporate the effects of Near-Field Propagation and Spatial Non-Stationarity which are elaborated as follows.

We propose to identify the NF/FF model in the beginning itself and carry out the channel co-efficient generation procedure. This is a simple and straightforward way to generate the channel co-efficient.

Step 1:  Setting scenarios, network layout and system parameters has no expected impact. 

[bookmark: _Hlk162431148]Step 2: “Assign propagation condition (NLOS/LOS)” assigns NLOS/LOS condition to the channel. In addition to assigning NLOS/LOS state, a classification Step 2.1 “Assign Near/Far Field Scenario” can also be added for Near Field/Far Field Scenario identification. This step shall identify the Near Field (NF)/Far Field (FF) state of the UE based on the Tx-Rx propagation distance. The NF/FF state/condition of the UE can be determined in this stage and the rest of the steps shall be executed in accordance with this step.

Step 3: The pathloss models in TR38.901 Section 7.4 for UMa and UMi have provisions to model distances ranges starting from 10 m onwards. The possibility to reuse the existing pathloss models can be studied for Near-Field region for distances from and above this minimum distance.
 
Step 4: According to TR38.901 Section 7.5, random RMS Azimuth Arrival and Departure spread values are currently limited to 104 degrees, i.e., ASA= min (ASA, 104o), ASD = min (ASD, 104o). Similarly, random RMS Zenith Arrival and Departure spread values are limited to o 52 degrees, i.e., ZSA = min (ZSA, 52o), ZSD = min (ZSD, 52o). As the Near-Field propagation occurs, the spread of the ASD, ASA, ZSD, ZSA values in the dimension of spherical wave propagation can be expected to increase. The validity of these spread values might need to be re-evaluated for FR3 operation. 

Delay Spread (DS) as well as other large scale parameters Shadow Fading and K factor also needs to be re-evaluated to adapt to NF scenarios. Furthermore, as the paths close to the Base Station Antenna Array are highly correlated, Correlation Distance in Horizontal Plane for all the Large-Scale Parameters is expected to change and require further study.

[bookmark: _Hlk162430115]Step 5: At Step 5, Generate Delays, the delays of all paths are generated. No changes are expected in this step.


Step 6: Step 6 identifies cluster dropping boundary and drops physical clusters only within the boundary. From the generated delays of all paths, the shortest of the delay is selected and translated to the propagation distance of the corresponding path. Based on this path a cluster dropping boundary is identified. The clusters are dropped only within this boundary.  The Near-Field boundary of the Base Station can be determined as a function of the Base Station Antenna Array parameters. The cluster dropping boundary may or may not be within the Near-Field Boundary.
[image: A diagram of a cluster of data  Description automatically generated]

 













Fig. 4 Extensions to the TR38.901 channel coefficient generation procedure to incorporate Near-Field Propagation and Spatial Non-Stationarity

Step 7: Generating cluster powers might need to be re-evaluated considering the Near field effects. The exponential decay behaviors of cluster power with respect to their delays are not observed in Near-Field measurements [3]. 
In the current TR38.901, Section 7.5, Table 7.5-5, “Sub-cluster information for intra cluster delay spreads” states to consider the first two strongest clusters to be segregated into three sub-clusters and defines cluster delay offset cDS, ray mapping and power association to rays within these two clusters.  The number of rays in a cluster is also fixed to 20 per cluster. The validity of these considerations on the number of strongest clusters, cluster delay offset, ray mapping, power association to rays within a cluster need to be re-evaluated for the Near-Field from measurements [3].

Proposal 7: RAN 1 to validate the number of strongest clusters, cluster delay offset, ray mapping, power association to rays within a cluster for the Near-Field from measurements.


Step 8: After the generation of cluster powers, the following two blocks in the existing TR38.901, “Generate arrival & departure angles and Perform random coupling of rays” can be replaced by the step 8 Generate arrival & departure angles to random cluster locations to account for the NF propagation and Spatial Non- Stationarity. If there is a single scatterer / cluster, then the arrival and departure angles to the cluster are location based and can be computed from the vectors connecting the cluster to each antenna element in the antenna array. In the case there is more than one cluster through which the ray passes, then the angle of departure to the first cluster and the angle of arrival to the last cluster are computed with location vectors.

As far as the dropping of clusters are concerned, the clusters / scatterers can be dropped as the UEs are dropped. The dropping rules need to be determined through study. For the region beyond the NF boundary, i.e., the Far-Field region, the existing procedures can be followed.

Proposal 8: Determining the Near-Field zone from the Base Station Antenna Array parameters and dropping physical clusters only within the cluster dropping boundary. For regions beyond the NF zone, i.e., Far-Field zone, the TR 38.901 existing stochastic clusters and the relevant methods can be re-used.

Proposal 9: Dropping of clusters in the simulation environment is akin to dropping UEs. However, dropping rules need to be decided.

Steps 9 & 10: These steps related to computing cross-polarization power ratios and initial phases can be re-used. No changes to be expected.
Step 11: The channel co-efficient generation procedure in Step 11 is modified as follows to incorporate the Near-field effects. The channel impulse response for the LOS ray is given as, 


where the  refer to the zenith and azimuth arrival angles per receive antenna element u and  , refer to the zenith and azimuth arrival angles per transmit antenna element s.






The channel impulse response for the NLOS channel is given as,



where the  is the power scaling factor for each cluster n,  refer to the zenith and azimuth arrival angles of the mth ray in the nth cluster per receive antenna element u,  , refer to the zenith and azimuth arrival angles of the mth ray in the nth cluster per transmit antenna element s,  and  denote the location vectors of the source of the mth ray in the nth cluster for the First Bounce Cluster (FC) and Last Bounce Cluster (LC), respectively.

Observation 5: Antenna element wise arrival and departure angles are needed to model the channel co-efficient.
Observation 6: To model the NLOS channel, cluster locations are needed to account for the spherical wave effects.

Proposal 10: For the NLOS channel, modeling the First cluster and the Last cluster locations are sufficient to incorporate the near-field effects. 

Step 12: Applies the pathloss and shadowing computed as per the NF/FF conditions set above.
4. Conclusions
The proposals made in this contribution are consolidated below.
Proposal 1: Different equations are needed to represent the Near-Field and far-Field channels as the current Far-field model does not support cluster location vectors.

Proposal 2: The determination of the near/far-field condition for the both direct and non-direct paths can be done with reference to the 3D BS-UE distance.

Proposal 3: Support Option 2 to determine the antenna element locations of both TRP and UE.

Proposal 4: Support Option-1 to model per ray/cluster visible region for a set of antenna elements.

Proposal 5: To account for the near field propagation and spatial non-stationarity, the concept of physical location of clusters needs to be modeled in 38.901.  

Proposal 6: Sub-array(s) physical location relative to the cluster(s) physical location is required to enable modeling of different PDPs as well as power variations for spatial non-stationarity. 

Proposal 7: RAN 1 to validate the number of strongest clusters, cluster delay offset, ray mapping, power association to rays within a cluster for the Near-Field from measurements.
Proposal 8: Determining the Near-Field zone from the Base Station Antenna Array parameters and dropping physical clusters only within the cluster dropping boundary. For regions beyond the NF zone, i.e., Far-Field zone, the TR 38.901 existing stochastic clusters and the relevant methods can be re-used.

Proposal 9: Dropping of clusters in the simulation environment is akin to dropping UEs. However, dropping rules need to be decided.
Proposal 10: For the NLOS channel, modeling the First cluster and the Last cluster locations are sufficient to incorporate the near-field effects. 
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