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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN1 #84bis meeting in Busan, dynamic modeling for time evolution was discussed in [1] and [2]. For the current agreed spatial consistency model for supporting MU-MIMO in [3], the delay/angle of the weak clusters may be varied faster than physically allowed along a UE trajectory [4][5]. 
[bookmark: _Ref129681832]In this contribution, we present a method on time-variant angles which can be combined with the spatial consistency model in [3].
Time-variant Angles in combination with Spatial Consistency
The idea of the spatial consistent model in [3] is to generate the correlated large-scale parameters (LSPs) based on geometry interpolation. This can make the LSPs gradually changing with position. The problem is the angles (e.g. AoA and AoD) may vary very fast in terms of position, particularly for weak clusters. Results in [4] show that the varying rate of angles may be up to 90o per meter which might be challenging or almost useless to evaluate beam-tracking technique.
Time-variant angles are actually available based on the geometry positions of BS, UE, and scatters [6]. In order to make the model simple and calculation efficient, we further simplify the time-variant angle model in [6] as follows.
· Calculate the slopes of time-variant angles in cluster-level instead of ray-level in [6], and
· The slopes of time-variant angles are fixed in a drop time
· The angles of the reflection surface are randomly generated
Since UE’s position at time t0 is available, the angles can be updated with transmitter and receiver information in the global coordination system (GCS). The time-variant angles are generally formulated as
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where the sub-index “Angle” represents AoA, AoD, ZoA, or ZoD in SCM. are the time-varying angles at the n-th cluster along with time t. 
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,,  and  are cluster specific reflection surface angles; for LoS path, set to 0; for NLoS clusters, generate spatially consistent random numbers 
· 
with uniform distribution U(-180, 180) with 50m correlation distance for  and 
· 
with uniform distribution U(-90, 90) with 50m correlation distance for , and 
· 
with uniform distribution U(-180, 180) with 100m correlation distance for  and 
· 
with uniform distribution U(-90, 90) with 100m correlation distance for .
In combination with the spatial consistency model in [3], the spatial consistency model is modified as follows:
Step 1: Generate the channel cluster specific random variables in the 3GPP 3D channel model following the proposal 1 in [3]. 
Step 2: Calculate the slope of time-variant angles based on equations (1)~(5) for each drop. Update the angles based on equation (1) at each time t. This is an additional step at the beginning of step 11 in 3GPP TR 36.873.

Proposal 1: Adopt the model of time-variant angles given by equations (1)~(5) under the framework of spatial consistency model in [3].
Channel Model Simulations
A 3GPP UMi channel considering time-variant angles is simulated here. For clear elaboration, the number of cluster is set to be five. The BS is located at (0, 0). The UE, with a speed of 1 m/s, moves a distance of 10 meters. The distance between UE and BS is about 20 meters. A LoS propagation condition is assumed.
[image: ][image: ]
Fig. 1 AoD and AoA vs. Distance
[image: ][image: ]
Fig. 2 ZoD and ZoA vs. Distance
In Fig. 1 and Fig. 2, the angle changes in cluster level with distance are illustrated. The time-variant characteristics are following the equations (1)~(5). The results of horizontal angles (AoD and AoA) are provided in Fig. 1. It shows that the angle varying rate of the main cluster is 2.6o per meter and the angle varying rates of the rest clusters are in the range of 1.5o~2.8o per meter. In Fig. 2, the vertical angles (ZoD and ZoA) are provided. The angle varying rate of the main cluster is 0.5o per meter. This is because distance between BS and UE does not change much in the simulation. For other clusters, the varying rates are also in the range of 1.5o~2.8o per meter.
With the model in section 2, we see that the varying rate of AoA/AoD is consistent with the measurements in R1-161603. 
Finally the increased computational complexity is 3.7% compared to 3GPP SCM model which is suitable for performance evaluation.
Observation 1: With the model in section 2, the varying rate of AoA/AoD is consistent with the measurements in R1-161603. 
Conclusions
Based on the analysis above, the spatial consistency model in [3] should be extended with the proposal.
Proposal 1: Adopt the model of time-variant angles given by equations (1)~(5) under the framework of spatial consistency model in [3].
In addition, we make the following observation:
Observation 1: The varying rate of AoA/AoD is consistent with the measurements in R1-161603. 
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