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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#116bis meeting, the following agreements were reached on 7-24 GHz channel model extension [1]:
	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
Note (not for agreement): Companies are encouraged to provide the value in RAN1#116-bis

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 near-field and non-stationary channel modelling. 
2 Modelling methodology for near-field propagation 
As analyzed in [2], when the near-field assumption applies, the departure/arrival angle and phase of a ray observed at an antenna element should be computed according to the geometry relationship between the corresponding first-/last-bounce scatterer and the element. Specifically, the delay and angle of a ray generated according to current 38.901 [3] can be treated as the observed delay and angle at the reference antenna element, which is used to locate the first-/last-bounce scatterer, and the observed delay and angle at other antenna elements can be subsequently calculated after scatterer locating.
[image: ]
Figure 1 Illustration of near-field modelling methodology 
Following is the 38.901-based step-wise channel coefficient generation procedure taking aforementioned near-field modelling methodology into consideration:
Step 1-10: Generate the delays, angles, and initial phases for a pair of reference antenna elements. 
Step 10.5: For each ray:
a) Locate the first-/last-bounce scatterer. 
The scatterer locating approach in the section 3.4 of [4] can be referred to. 
b) Calculate the observed angle at each antenna element as well as the distances between the first-/last-bounce scatterer and each antenna element.
Step 11-12: Generate channel coefficients according to formula (1)-(3) and apply pathloss and shadowing. 
(1)


       (2)


(3)

where  represents the distance between Tx reference antenna element and Rx reference antenna element,  represents the distance between the last-bounce scatterer and Rx reference antenna element ,  represents the distance between the first-bounce scatterer and Tx reference antenna element, and  represents the propagation delay from Tx reference antenna element to Rx reference antenna element through the NLOS path (n, m).
Proposal 1: If proved necessary, the near-field propagation characteristic should be modelled according to formula (1)-(3).
3 Modelling methodology for spatial non-stationarity
During the discussion in RAN1#116bis meeting [1], two options were listed for modelling spatial non-stationarity. Here we elaborate the visible-probability-based modelling methodology justified by a ray-tracing simulation, the assumption and scenario of which can be found in Table 1 and Figure 2, respectively. Note that the spatial non-stationarity is only considered at the BS side in the following discussion given the relatively small size of antenna array at the UE side.
[bookmark: _Ref165574513]Table 1 Simulation assumption
	Assumption
	Value

	Frequency
	6.7GHz

	BS antenna array
	1008 elements, antenna array size:0.5m(H) x 1.5m(V)

	BS height
	25m

	UE height
	1.5m

	BS number
	7

	UE number
	420


[image: C:\Users\l00601525\AppData\Roaming\eSpace_Desktop\UserData\l00601525\imagefiles\072243CA-BB11-477F-8B49-6D3443E741C3.png]
Figure 2 A typical UMa scenario
In order to fit the visible probability model, we need to collect the raw visible probability from the simulation data, which can be calculated for each ray as below:

where Nm represents the number of BS antenna elements that can observe the mth ray and Nall represents the total number of BS antenna elements. The black curve in Figure 3 depicts the raw visible probabilities calculated from the simulation data, based on which the visible probability model can be fitted as the blue curve in the following exponential-distribution form: 
                                                                          (4)
where A and λ are the parameters of exponential distribution, Pm is the ray power, B is the lower bound of visible probability, and . It can be easily obtained from Figure 3 that the visible probability of a ray is negatively correlated with its power, which means a ray with lower power is more susceptible to the spatial non-stationarity.  
 [image: ]
Figure 3 The visible probability under given scenario
After acquiring the visible probability model, we introduce a visible-probability-related power attenuation factor for each ray to reflect the impact of spatial non-stationarity. Taking the consistency across antenna elements and clusters into consideration, the power attenuation factor is modelled as below:
                                                                         (5)
where  represents the distance between Tx antenna element and the first-bounce scatterer,  and  represent the minimum and maximum value among all , respectively, and C represents the roll-off coefficient between the visible and invisible region.
Figure 4 shows the exemplary ray power attenuation introduced by the proposed visible-probability-based model. The generated ray orientates towards the right-down part of the antenna array, which results in the attenuated ray power on the left-up part. The smoothly varying colour proves that the ray power changes consistently across the antenna array.
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[bookmark: _Ref165887335]Figure 4 Exemplary ray power attenuation following proposed model
Following is the 38.901-based step-wise channel coefficient generation procedure taking aforementioned visible-probability-based modelling methodology into consideration:
Step 1-10: Generate the delays, angles, and initial phases for a pair of reference antenna elements. 
Step 10.5: For each ray:
a) Locate the first-bounce scatterer. 
The scatterer locating approach in the section 3.4 of [4] can be referred to. 
b) Calculate the visible probability as well as the distances between the first-bounce scatterer and each BS antenna elements. 
c) Calculate the power attenuation factor.
Step 11-12: Generate channel coefficients according to formula (6)-(7) and apply pathloss and shadowing. 
(6)


   (7)


Proposal 2: If proved necessary, the spatial non-stationary propagation characteristic should be modelled based on visible probability according to formulas (4)-(7).
4 Conclusions
In this contribution, we provide our views on the near-field and non-stationary channel modelling. Following proposals are given:
Proposal 1: If proved necessary, the near-field propagation characteristic should be modelled according to formula (1)-(3).
Proposal 2: If proved necessary, the spatial non-stationary propagation characteristic should be modelled based on visible probability according to formulas (4)-(7).
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