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Introduction
In the Ljubljana meeting a working assumption on modeling of spatial consistency based on alternative 1 in [1]. In this and the other alternative methods proposed for modeling spatial consistency the delays and angles of clusters and rays will vary continuously over space and time. It is therefore important to ensure that the channel generation method can cope with time-variation of delays and angles. The purpose of this contribution is to provide a deeper analysis of the consequence of time variation and propose some necessary changes to avoid unphysical channel realizations.
The channel generation procedure of the 3D SCM model [2] 
In the 3D SCM model the following step is given for converting clusters and rays into complex channel coefficients:
Step 11: Generate channel coefficients for each cluster n and each receiver and transmitter element pair u, s.
For the N – 2 weakest clusters, say n = 3, 4,…, N, the channel coefficients are given by:

(7.21)





where Frx,u,θ and Frx,u,ϕ are the receive antenna element u field patterns in the direction of the spherical basis vectors,  and  respectively, Ftx,s,θ and Ftx,s,ϕ are the transmit antenna element s field patterns in the direction of the spherical basis vectors,  and  respectively.  is the spherical unit vector with azimuth arrival angle ϕn,m,AOA and elevation arrival angle θn,m,ZOA, given by 

,	(7.22)

where n denotes a cluster and m denotes a ray within cluster n.  is the spherical unit vector with azimuth departure angle ϕn,m,AOD and elevation departure angle θn,m,ZOD, given by

,	(7.23)



where n denotes a cluster and m denotes a ray within cluster n. Also, is the location vector of receive antenna element u and is the location vector of transmit antenna element s, n,m is the cross polarisation power ratio in linear scale, and 0 is the wavelength of the carrier frequency. If polarisation is not considered, the 2x2 polarisation matrix can be replaced by the scalar  and only vertically polarised field patterns are applied.

The Doppler frequency component vn,m is calculated from the arrival angles (AOA, ZOA), UT velocity vector with speed v, travel azimuth angle ϕv, elevation angle θv and is given by 

,	(7.24
The spatial consistency modeling will make the DoDs and DoAs { ϕn,m,AOA , θn,m,ZOA, ϕn,m,AOA , θn,m,ZOA } time varying. As can be seen from the equations above this will cause the unit vectors given by equations (7.22) and (7.23) to also become time varying, which in turn will result in a time-varying Doppler frequency component vn,m(t) according to (7.24). Since in (7.21) contains a factor  where the time t could take on arbitrarily large values, even a small change in the Doppler frequency vn,m can cause a very large phase shift which would be observed as an extremely high Doppler spread in the resulting channel coefficients. Recall that the Doppler frequency can be determined from the time derivative of the phase shift:  which results in  for stationary angles but  when the angles are non-stationary. Note that the Doppler frequency is scaled with  in the first term!
Observation: The current channel coefficient generation procedure in the 3D SCM model [2] is not compatible with time-varying angles since unphysically high Doppler spreads may be generated
[bookmark: _Ref447206880]Discussion
A simple correction would be to rewrite the Doppler factor in equation (7.21) into the following form:

where the phase shift at time  is established as an anchor point and an incremental phase shift is applied. The anchor point should be updated sufficiently often so that .
[image: ]
Figure 1. Illustration of Doppler phase shift, with and without the proposed fix to support time varying Doppler frequency component though anchor points. 
Figure 1 illustrates the effect of Doppler phase shifts. Consider a wavelength of 0.15 m, a UE speed of 1 m/s along the tangent of a circle in the xy-plane, and assume the UE finishes one lap per 10 s. Without the proposed fix, the Doppler phase shift diverges over time and becomes unstable as the absolute time progress, while with the fix the desired bounded sinusoidal shape on the Doppler phase shift is obtained. Note that the similar effect would occur if the angle of incidence varies over time as the UE moves in space along a linear trajectory.
Conclusion
In order to maintain physical Doppler frequencies and phase continuity in the presence of time-varying angles, the following is proposed:
Proposal: Modify the equivalent of equation (7.21) in [2] in the new model according to the suggestion in section 3. 
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