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Introduction
In RAN #102 meeting, the SID of Release 19 NR channel modelling enhancements for 7-24 GHz was agreed [1]. One objective of the SID is adapting/extending the channel model of TR 38.901 at least for 7-24 GHz. In RAN1 #116bis meeting [2], the following conclusions and agreements were made.

Agreement
The antenna array is assumed for the near-field study.

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

Agreement
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
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
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
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 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
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. 

In this contribution, we provide our views on the channel model adaptation/extension of TR 38.901 for 7-24 GHz. 
Discussion
According to the high-level timeline for 6G [3], the studies for 6G in 3GPP are expected to start from Release 20. One candidate spectrum applicable for 6G is 7-24 GHz. In preparation for 6G study, the channel model for 7-24 GHz needs to be examined.

The channel model is provided in TR38.901[4], which covers frequencies from 0.5 GHz to 100 GHz. However, this channel model was established, mainly based on measurements deployed for sub-6 GHz and above 24 GHz. Hence, the validation of this channel model for 7-24 GHz needs to be verified via measurements. 

Also, it is mentioned in SID [1] to extend the channel model of TR 38.901 at least for 7-24 GHz for applicable scenarios of near-field propagation and spatial non-stationarity. We shall discuss these two aspects in the following sub-sections. 

Near-field propagation
The existing channel model [4] assumes far-field propagation, which implies planar wave and linear phase. It is expected that extremely large antenna arrays (ELAA) will be deployed in 6G system to extend the cell coverage. This antenna aperture is largely increased in ELAA. 

It is known that far-field region and near-field region is separated at Rayleigh distance, given by , where  is antenna aperture size and  is wavelength. Consider a simple example that the antenna aperture size is 1 meter and carrier frequency is 14 GHz. The Rayleigh distance is 93 meters. This distance is comparable with cell size, and hence, the near-field propagation should not be ignored as in the existing channel model. 

The existing channel model [4] is generated in twelve steps, as illustrated in the following figure. It includes setting scenario, network layout and antenna parameter, determining large scale parameters, determining small scale parameters, and coefficient generation.
 


Figure 1: Channel coefficient generation procedure [4]
We think the near-field propagation has impacts on the small scale parameters generations, while its impact on large scale parameters is negliable and it does not have impact on scenario/network layout/antenna parameters, as well as coefficient generation. Specically, in the step of “Generate delays”, we need to check whether a cluster is within the near-field region of a gNB. This involves calculating Rayleigh distance in a given setting (e.g., based on antenna aperture and carrier frequency), and comparing the distance between base station and a cluster, with Rayleigh distance. Here, the distance between base station and a cluster is upper bounded by the cluster delay generated in Step 5. 

The Rayleigh distance depends on the antenna aperture size. It is open on the aperture size for different scenarios. In our view, the aperture size for UMa/UMi scenarios could be the larger than indoor scenarios. Candidate aperture sizes for UMa/UMi scenarios and indoor scenarios could be 1.0 and 0.5 meters, respectively. 

Once a cluster is in near-field region, the angle of arrival (AoA, ZoA) or the angle of departure (AoD, ZoD) of the cluster is not a single value. This is because in spherical wave, different transmit antenna elements to a receiver antenna have different angles. Instead, the angle of arrival (AoA, ZoA) or the angle of departure (AoD, ZoD) of the cluster should be composed of a vector of values. The difference among the values in the vector may depend on the distance between base station and cluster. In general, the closer between base station and cluseter, the larger the difference among the values in the vector. 

In the step of “Generate channel coefficient”, the departure and arrival angles for a near-field or a far-field cluster generated in previous steps could be applied for each transmit antenna element  and receive antenna element . In addition, if the UE itself is in the near-field region of a gNB, then more accurate distance between a transmit antenna element and a receive antenna element is used to determine the channel impulse response. 

Based on the above discussions, we have the following proposals. 

Proposal 1: To support the near-field propagation, RAN1 is to keep the existing channel coefficient generation procedure as in TR 38.901, with the modifications on the step of “Generate delays” and the step of “Generate arrival & departure angles”.

Proposal 2: To support the near-field propagation, in the step of “Generate delays”, determine the distance between base station and clusters and then determine whether each cluster is within the Rayleigh distance.
· Candidate aperture sizes for UMa/UMi scenarios and indoor scenarios are 1.0 and 0.5 meters, respectively.

Proposal 3: To support the near-field propagation, in the step of “Generate arrival & departure angles”, for a cluster in near-field of base station, generate a vector of angles of arrival and a vector of angles of departure for different antenna elements of base station. 

Proposal 4: To support the near-field propagation, in the step of “Generate channel coefficient”, the arrival and departure angles for near-field clusters are incorporated. 
· In addition, if a UE is in near-field region of base station, more accurate distance between a transmit antenna element and a receive antenna element is used to determine the channel impulse response.  

Spatial non-stationarity
Due to large number of antenna elements and large antenna aperture in ELAA, different antenna elements may have different propagation characteristics. This scenario is more likely in the near field region. A typical example is that some antenna elements on an antenna panel have LOS path to an objective (either UE or cluster), while other antenna elements in the same antenna panel have blockage on their paths to the objective. This results in spatial non-stationarity at base station side. This is different from the spatial consistency modelling at UE side. 

Two options of identifying the impacted cluster/ray and element-pair link were agreed for further study. In our view, the option of introducing the visibility probability/region of each cluster/ray for a set of antennas is simple and the spatial consistency between neighbor antenna elements can be achieved with the continuous visibility region. 

Proposal 5: For the modelling of spatial non-stationarity, introduce per cluster visible region for a set of antenna elements.

To support spatial non-stationarity, we think the existing channel coefficient generation procedure as in TR 38.901 can be used, with the modifications on the step of “generate cluster power”. Specifically, if a cluster is in near-field of base station, the cluster power is reduced to address the potential blockage issue. 

Proposal 6: To support spatial non-stationarity, in the step of “generate cluster power”, a cluster in near-field of base station has reduced cluster power.

Conclusion
In this contribution, we provided our views on channel model adaptation/extension of TR 38.901 for 7-24 GHz. Our proposals are as follows:

Proposal 1: To support the near-field propagation, RAN1 is to keep the existing channel coefficient generation procedure as in TR 38.901, with the modifications on the step of “Generate delays” and the step of “Generate arrival & departure angles”.

Proposal 2: To support the near-field propagation, in the step of “Generate delays”, determine the distance between base station and clusters and then determine whether each cluster is within the Rayleigh distance.
· Candidate aperture sizes for UMa/UMi scenarios and indoor scenarios are 1.0 and 0.5 meters, respectively.

Proposal 3: To support the near-field propagation, in the step of “Generate arrival & departure angles”, for a cluster in near-field of base station, generate a vector of angles of arrival and a vector of angles of departure for different antenna elements of base station. 

Proposal 4: To support the near-field propagation, in the step of “Generate channel coefficient”, the arrival and departure angles for near-field clusters are incorporated. 
· In addition, if a UE is in near-field region of base station, more accurate distance between a transmit antenna element and a receive antenna element is used to determine the channel impulse response.  

Proposal 5: For the modelling of spatial non-stationarity, introduce per cluster visible region for a set of antenna elements.

Proposal 6: To support spatial non-stationarity, in the step of “generate cluster power”, a cluster in near-field of base station has reduced cluster power.

References
[1] [bookmark: _Ref146048113][bookmark: _Ref49784738][bookmark: _Ref100217924][bookmark: _Ref124153647][bookmark: _Ref109038266][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Ref99716514][bookmark: _Ref46220695][bookmark: _Ref146637819]RP-234018, “New SID: Study on channel modelling enhancements for 7-24 GHz for NR,” Dec. 2023. 
[2] [bookmark: _Ref146638431][bookmark: _Ref158277531][bookmark: _Ref156394703]Chairman’s Notes, 3GPP TSG RAN WG1 #116bis Meeting, Apr. 2024.
[3] [bookmark: _Ref166225040][bookmark: _Ref158277733]RP-233985, “High-level considerations for 6G timeline,” Dec. 2023. 
[4] [bookmark: _Ref166225065]3GPP TR 38.901, Study on channel model for frequencies from 0.5 to 100 GHz, v17.1.0, Jan. 2024.  
	3/8	
image1.emf
Set scenario, 

network layout and 

antenna parameters

Generate XPRs

Perform random 

coupling of rays

Generate arrival & 

departure angles

Generate cluster 

powers

Generate delays

Assign propagation 

condition (NLOS/

LOS)

Calculate pathloss

Generate correlated 

large scale 

parameters (DS, 

AS, SF, K)

Draw random initial 

phases

Generate channel 

coefficient

Apply pathloss and 

shadowing

General parameters:

Small scale parameters:

Coefficient generation:


oleObject1.bin
Set scenario, network layout and antenna parameters


Assign propagation condition (NLOS/LOS)


Calculate pathloss


Generate correlated large scale parameters (DS, AS, SF, K)


Generate XPRs


Perform random coupling of rays


Generate arrival & departure angles


Generate cluster powers


Generate delays


Draw random initial phases


Generate channel coefficient


Apply pathloss and shadowing


General parameters:


Small scale parameters:


Coefficient generation:



