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Discussion
1 Introduction
The paper [1] in Malta meeting had pointed out that, when the Dmin is larger, the UE can see the signals from the RRHs of more than two. If so, the two-path model for the Bi-direction which was agreed in study item phase may not provide sufficient coverage for the UE vendors to conduct further evaluation. It may be over-simplified.
The channel model for the Uni-direction is also addressed in the study item [2]. It looks like a completely different model from that for the Bi-direction. Is it possible to develop a unified model to include both scenarios? 
In this paper, we try to answer two questions,

1.  What’s the channel model of including more paths?
2.  What’s the unified model to cover both Bi-direction and Uni-direction? 
2 The proposed channel model
We consider in Fig. 1 that the UE can receive the signal paths from four surrounding RRHs, two from the left and two from the right. When t = 0, the train is stopped at RRH​1, and the train moves toward RRH2 when t > 0. 

The “Region 0” in Fig. 1 denotes that the train is in the region between RRH1 and RRH2. The UE can receive four paths, p0, p1, p2, and p3 from RRH0, RRH1, RRH2 and RRH3 respectively, during this region.
When the train moves to “Region 1” which is the area between RRH2 and RRH3, the path from RRH0 is replaced by the signal from RRH4. Therefore the UE will receive the path from RRH1, RRH2, RRH3 and RRH4 as shown in Fig. 2. Note that the path p0 is now transmitted from RRH4.
Similarly, as the train moves to “Region 2” as plotted in Fig. 3, the path p1 is transmitted from RRH5. In this way, the UE can keep receiving four paths from the surrounding RRHs. 
The equations for Doppler angle, relative received power (without normalization among paths), and the propagation delay are listed for each path from TABLE 1 to TABLE 4 for the UE at different “Regions”. It is interesting to see that the equations for Region 1 are the circular shifting in index from these for Region 0, and the equations for Region 2 are also the circular shifting from these for Region 1, and so on. Therefore for example, equations for p​1, p2, p3, and p0 at Region 1 are the same as that for p0, p1, p2 and p3 at Region 0, respectively.
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                 TABLE 1, equations for the paths at Region 0 
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                 TABLE 2, equations for the paths at Region 1 
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                 TABLE 3, equations for the paths at Region 2 
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                 TABLE 4, equations for the paths at Region 3 
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Fig. 1, UE in the beginning is stopped at RRH1 and then moves to the right
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Fig. 2, The p0 earlier from RRH0 is now replaced by from RRH4 
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Fig. 3, The P1 moves to the right from RRH5
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Fig. 4, The p2 moves to the right from RRH6
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Fig. 5, The p3 moves to the right from RRH7
The three-path channel model for Uni-direction has been specified in the TR [2]. The transmitted power of each path is further beamformed. The beamforming effect is modeled by applying the FIR filter and the filter response corresponding to each angle (frequency) is treated as the beamforming gain.
Then it becomes easier to understand that, the Uni-directional parameters can actually be generalized from the Bi-directional ones. The Doppler angles and the propagation delays are the same for both scenarios. The two differences are, the relative received power for Uni-direction needs to be multiplied by the beamforming gain, which can be derived by knowing the Doppler angles and the FIR filter response. And also the transmitted power of the Bi-direction is split by two for transmission from two directions, so the received power for Uni-direction should be doubled in each path.
The more compact equations are listed below, and Fig. 6 shows the unified model to generate parameters for Bi-direction and Uni-direction.
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Fig. 6, Unified model to generate parameters for both Bi-direction and Uni-direction

3 Simulation
The parameter curves are plotted by considering two cases, case 1, Dmin= 5m, Ds=500m, and case 2, Dmin=300m, Ds=1000m.

With large Ds/Dmin ratio in case 1, the UE sees at most two paths. However for small Ds/Dmin ratio as shown in Fig. 12, the UE can even see 4 paths in Bi-direction. So the two-path model maybe too simplified by ignoring other visible paths.
Fig. 10 shows the parameter curves for Uni-direction. It is worth noticing that during the beamforming transition, there are a couple of cross-over in terms of received power between path 1 (red) and path 2 (pink). The corresponding propagation delays are 1.8us and 0 us respectively. 
[image: image10.png]Doppler weight

path loss (d6)

time delay (s

4-path model for Drin = &m, Ds = 500m

i
10 15
time (second)

10 15
time (second)



 [image: image11.png]Doppler weight

path loss (d6)

time delay (s

2-path model for Drin = &m, Ds = 500m

5 10 15 il
time (second)

5 10 15 il
time (second)




  Fig. 7, 4-path model, Bi-direction, Dmin = 5m, Ds= 50m   Fig. 8, 2-path model, Bi-direction, Dmin = 5m, Ds= 50m
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 Fig. 9, 4-path model, Uni-direction, Dmin = 5m, Ds= 50m      Fig. 10, zoom in of Fig. 9
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  Fig. 11, 2-pat Bi-direction, Dmin=300m, Ds=1000m        Fig. 12, 4-path Bi-direction, Dmin=300m, Ds=1000m
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  Fig. 13, 4-path Uni-direction, Dmin=300m, Ds=1000m
4 Conclusion

Observation 1, When the Ds/Dmin ratio is small, the UE can actually observe the paths of more than two. Then the two-path model studied earlier may be too simplified.
Observation 2, It is possible to develop the unified model to cover Bi-direction and Uni-direction. 
Proposal 1, The Doppler angle, relative received power and the propagation delay for 4-path model in Bi-direction can be described mathematically by
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Proposal 2, The parameters for Uni-direction can be generalized from Bi-directional ones. The Doppler angle and propagation delay are the same for Bi-direction and Uni-direction. The received power in Uni-direction is through the beamforming onto the power in Bi-direction. The beamforming gain can be derived by knowing the Doppler angle and the beamforming pattern.
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At region 3,  3Ds <= vt < 4Ds, then v’t’ = vt - 3Ds
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