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1 Introduction

In last RAN4 #74bis meeting, high speed train channel model were discussed widely. Companies show great interests in open space SFN channel model and provide many contributions. However, the final consensus has not been reached yet. The existing agreements were captured in an agreed WF in [1]. In this paper, we would like to present further analysis on SFN channel model.
2 Discussion
It was agreed in [1] that channel model for open space SFN scenario should be two-tap dynamic channel. The two taps with independent time-variant parameters of 
· Doppler shifts
· Relative power
· Timing difference between two taps. 
Based on this, many companies provided corresponding analysis for discussion. For Doppler shifts, it was common understanding that frequency shifts from two taps can be presented as 
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 is the maximum Doppler shift, where f is carrier frequency, c is speed of light and v is speed of UE. However the divarication on Doppler shift is mainly about the definition of  in the equation. Formulas on definition of 
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 proposed by companies are quite different. For Relative power and timing difference, both of them are mainly determined by distance difference between 2 taps which could be found in contributions from companies on last RAN4 meeting. In the rest part of this section, we would like to further evaluate some of these channel models from the above three aspects, which were respectively proposed by Qualcomm Incorporated [3] and CATT [4].
1) Qualcomm (R4-151587)
· Doppler shifts
Assuming that 
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 when UE is next to RRH1, Doppler shift for blue RRH and green RRH is given by 
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where 
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                                        (2-2)
Note that this Doppler shift model is exactly same as existing one tap HST channel model. In other word, SFN Doppler shift model above could be treated as superposition of two existing single tap HST channel with different time variable. R4-151587 also provided an informative diagram to illustrate the relationship of Doppler shift of two taps:
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Figure 1 Doppler shift of two tap in R4-151587
Doppler shifts of two taps are derived from the same equation with time variable separated by Ds. Channel emulator could model this SFN channel model easily by simply combining the two existing one tap HST channel model. It could be observed from Figure 1 that Doppler shift of two taps are always inverse and absolute values are the same. In fact this could only happen when UE is located right in the middle of two neighbour RRHs. Otherwise absolute Doppler shift values of two taps should be different.
· Timing difference between two taps
Time varying tap delay for blue RRH and green RRH is given by
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Here, 
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 is distance from UE and two RRHs and given by
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(2-4)
· Relative power
Assuming that transmit power from RRHs are same, signal power received by the UE from each RRH is given by
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(2-5)
where received power is normalized with respect to the received power when UE is 
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 away from RRH. Note that free space attenuation exponent 2 is used in the equation. 

2) CATT (R4-152369)
· Doppler shifts
For each path, the Doppler shift is
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Figure 2 Doppler shift trajectory for the two path in R4-152369
Note that the Doppler shifts between the two neighbourhood hop points are inversed.
· Relative power
Then the relative power of path 2 
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· Timing difference between two taps
The relative delay of path 2 
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3 Summary
In section 2 we presented SFN channel model proposed by Qualcomm [3] and CATT [4]. In this section we would like to make a summary of these SFN channel model from aspects of Doppler shifts, relative power and timing difference of two taps.
· Doppler shift
For test purpose, it is common understanding that wrap around model should be adopted. Based on analysis of channel model from Qualcomm and CATT, we found that the divarication is mainly on the definition of 
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 result from different locations of wrap around points. Wrap around points in Qualcomm [3] are located on the track nearest to RRH, which is illustrated as follow:
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Figure 3 SFN channel model wrap around in R4-151587
Tap 1 always denotes the tap coming from “blue” RRH and tap 2 denotes tap coming from “green” RRH. The methodology proposed by Qualcomm splits SFN channel model into two existing single tap HST channel model. Considering only two taps are taken into account according to [1], we basically agree with this methodology. However, if the wrap around point is located at the RRH, the relative time delay of two tap would change from positive to negative when crossing the middle point of two neighbour RRHs. It is complex to model this situation.
Meanwhile, hop points defined in CATT [4] are located in the middle of two neighbour RRHs. Tap 1 here denotes the strongest path from RRH and tap 2 denotes another path. This means that the two taps would exchange at the middle of two neighbour RRHs. We think this would reflect the reality that UE runs its AFC on the strongest path (tap 1). Considering the 3-D model is complex, we propose not to include height of RRH into consideration. Hence the following Doppler shift 
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Figure 3 Doppler shifts of two taps in open space scenario
The corresponding Doppler shift curves of two taps (in open space scenario) can be seen in Figure 3. It could be observed that the Doppler shift of tap 2 (red curve) would change rapidly from about 870 to -870 around Time = 10s. Note that the “rapid change” here is unlike amplitude square wave, which is difficult to achieve in reality because after Fourier transformation it is endless in frequency domain. The square wave here denotes the change of Doppler shift, which is only a component of frequency. The emulator can handle this frequency change. In fact, the signal amplitude is still a continuous function in time domain and it could be achieved.
· Relative power
For power attenuation, free space attenuation exponent 2 model was use in both [3] and [4]. The difference is that in [3] powers of two taps are time-various meanwhile in [4] power of tap 1 is fixed and power of tap 2 is time-various relative power. When testing we should reflect the reality as much as possible. In reality the power of strongest path should be time-various. Hence we propose to use time-various power for both two taps with free space attenuation exponent 2 model. Relative power can be derived from distance between UE and RRH by comparing with the received power at Dmin. Distances of two taps are given as follow:
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Where D1(t) denotes distance of tap 1 while D2(t) denotes distance of tap 2. Assuming that transmit power from RRHs are same, signal power received by the UE from each tap is given by
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Where P1(t) denotes received power of tap 1 and P2(t) denotes received power of tap 2. Both P1(t) and P2(t) are normalized with respect to the received power when UE is 
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 away from RRH.
· Timing difference between two taps
Time difference of tap 2 to tap 1 can be acquire by
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(3-9)
Note that tap 1 always denotes the nearest path. So D2(t) is always larger than D1(t), implying △(t)>0. This means relative time delay of tap 2 to tap 1 is always larger than 0.
4 Conclusions
In this contribution we discussed the SFN channel models proposed by companies in last RAN4 meeting. After analysis we propose the SFN channel model in three aspects: Doppler shift, relative power and timing difference between two taps, which can be found in equations from (3-1) to (3-9).
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