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Introduction
In Ericsson’s contributions [1] and [2] was identified a problem related to generation of radio channel impulse responses in the case of time variant Doppler shift term. Also a proposal to fix the problem was given. In this document we clarify the issue and slightly reformulate the Ericsson’s proposal. 
Problem
As the background for the problem a snapshot is taken from [1]:
Citation starts
----------------------
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)
…

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)
Observation: The current channel coefficient generation procedure in the 3D SCM model [3] is not compatible with time-varying angles since unphysically high Doppler spreads may be generated.
-------------------------
Citation ends
Discussion
A plane wave is illustrated in Figure 1. If for example the receiver moves with constant velocity along a route denoted by the white or the black line in Figure 1 it will experience different Doppler shifts on the two routes. Along the white route the Doppler shift has higher absolute value. The motion across or along waves can be illustrated also by a phasor as shown in Figure 2 and Figure 3. In Figure 2 the Doppler shift is constant, as indicated by the flat red curve, and the phase difference between any two consecutive sample points (blue dots) is also constant. In Figure 3 the Doppler shift is first linearly increasing and then linearly decreasing, however being positive all the time. One can observe that the phase increment, i.e. the distance between blue dots, is time variant. Actually, unlike the last term of eq. (7.21) above, the complex phasor should be written as
 
Luckily, with time invariant Doppler shift term this integral reduces to the form of eq. (7.21), i.e.  . However, in general case with time variant Doppler shift term 

[bookmark: _GoBack]as noted by [1].
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[bookmark: _Ref449453915]Figure 1. A plane wave with two different trajectories denoted by white and black lines.
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[bookmark: _Ref449454212]Figure 2. A phasor representing a plane wave with constant (time invariant) Doppler shift.
[image: ]
[bookmark: _Ref449454220]Figure 3. A phasor representing a plane wave with time variant Doppler shift.
For discrete time simulation purposes the complex phasor at time instant  can be written as 

where  is the time sampling interval, and  is a positive integer. This fixes the problem and gives the same effect as Ericsson’s proposals in [1]:
Citation starts
----------------------
· Proposal 1: Replace the factor  with  in the channel coefficient equation
· 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 
· Proposal 2: Proposal 1 needs only to be considered in case the Doppler frequencies are time-varying. This could be due to:
· Non-linear UE movement
· Time-varying angles of arrival due to spatial consistency modeling


----------------------
Citation ends
While the effect is same the ambiguity of updating  is avoided. All computer simulations and possible HW emulations are performed with discrete time in any case, so defining the complex phasor as it is done above doesn’t introduce any restriction.
Conclusion
In order to maintain physical Doppler frequencies and phase continuity in the presence of time-varying angles, the following is proposed:
· Proposal 1: Replace the factor  with  in the channel coefficient equation
· where ,  is the time sampling interval and  is a positive integer
· Proposal 2: Proposal 1 needs only to be considered in case the Doppler frequencies are time-varying. This could be due to:
· Non-linear UE movement 
· Time-varying angles of arrival due to spatial consistency modeling 
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