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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Accurate modeling of large antenna arrays should take several aspects into account [4], [5], [6], [7]:
1. Wide bandwidth (modeling propagation delay over a large array)
2. Spherical wave
3. High angular resolution
4. 3D correlation issue
5. Non-stationarity
The aspect #1 was already taken into account in Busan [7], but the others are still open issues. This contribution discusses the spherical wave modeling for the current framework of spatial consistency.
For many modeling activities in large arrays we require the position of the first or last interaction point of clusters. In the last meeting the way forward document on the channel temporal evolution R1-163480 [1] proposes a method for time evolution of delay and angles similar to what was originally proposed in Wang2015 [2] for single bounce. We propose to use this method to find the first and last interaction points. 

[bookmark: _Ref450301853]Time Evolution Simulation of Way Forward (R1-163480)
In the following is the time evolution concept summarized of R1-163480 [1].



Geometry Dependencies and Obtaining the Position of First and Last Interaction Points


[bookmark: _Ref450759419]Figure 1: Sketch for the random surface for the UE side.
In Figure 1 we consider for simplicity only a 2D case. We focus on the UE side, where we know the angle  from a random drop. A random angle  is selected. According to the proposal in R1-163480 [1], those two angles define the incoming and outgoing angle for the assumed specular reflection. Together with the locations of UE and BS this defines essentially the location of the reflecting surface. Investigating all the different angles, we observe that we can actually obtain all the three angles for the triangle ,  and  and together with the distance  we utilize the sine law to calculate 
 .		(1)
Thus using  together with the angle  we can calculate the position  of the last bounce scatterer. See the blue square in Figure 1. In a similar way this can be done for the BS side where  and a new random angle  are known. The expression for the distance  reads
 .		(2)

Thus again the position .of the first bounce scatterer can be obtained. 
Note that there is actually as well another important position, which is the position of the mirrored base station BS’, see Figure 2. If we consider only a single bounce reflection this would actually be the point of origin of the wave that is observed at the UE. This can be done similarly at for the BS where a mirrored MS’ exists and a relevant moved mirrored MS’ for the respective chosen angle. 


[bookmark: _Ref450762600]Figure 2: Sketch from the mobility model considering the again the UE side.
Note that the location can easily obtained from the proposed mobility model which provides the angular change , and the angle  obtained via the moving direction and the angle of arrival  and the complement to a triangle with 180 degrees . Utilizing the moved distance in the sine law we obtain
 .		(3)
Using the distance  and the angle  the location of the mirror source BS’ is easily obtained. This can be obtained similarly for the BS side where again the angle change a certain moved distance and the respective angle θ are utilized. 
For simplicity only the 2D case was considered here. Additional work is required to extend the work to include elevation. 

Conclusion

Observation 1: There are five important aspects to be considered in the case of a large antenna array, namely wide bandwidth, spherical wave, high angular resolution, 	3D correlation issue, and non-stationarity. So far, only wide bandwidth issue was completed by 3GPP.

Observation 2: The proposed model for mobility allows obtaining relevant locations of first and last bounce scatterers or the origin of the wave considering single bounce specular reflection.

Observation 3: In case we assume the cluster in the 3GPP model corresponds to a scatterer with a fixed location. The scatterer location and can be obtained with the respective distances ( (1) and (2)) and the angles   and .

Observation 4: It should be clarified which locations are the relevant ones for the large array support, and which ones could be used for spherical wave considerations.

Proposal 1: The following aspects on large array support should be discussed in the channel model SI: spherical wave, high angular resolution, 3D correlation issue, and non-stationarity.

Proposal 2: The spherical wave modeling introduced in this document should be taken into account in the channel model SI.
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» v(t)=v(cos(8, (£)), sin(B, (£0)),0)

» v is UE moving speed in the horizontal plane

» @, is UE moving direction in the horizontal plane

» d,p is 2D distance between Tx/Rx; d;, is 3D distance between Tx/Rx

» O a0ar Dn,zoar On,a0p, Bn,zop are cluster specific reflection surface angles; for LoS path, set to
0; for NLoS clusters, generate using spatially consistent random numbers with uniform
distribution U(-180, 180) with 50m correlation distance for @,, 454, @ zoa, and 100m correlation
distance for @,, 40p, Dn,zop
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B When UE position is changed in simulation, the temporal channel evolution can
be modelled as:

* For t;=0 when UE is dropped into the network, use R1-161726 to generate
channel cluster power/delay/angles

* Update channel cluster power/delay/angles at t,+t based on UE channel
cluster power/delay/angles, moving speed and direction at t,
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