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1 Introduction
In RAN#70 meeting, the WI of “Performance enhancements for high speed scenario” had been approved. The objective of the work item is to “specify the requirements for UE RRM, UE demodulation and BS demodulation which were identified in SI stage. Target moving speed is at least 350km/h and at most 750km/h, depending on candidate solution. Supporting more than 350km/h is only considered for the unidirectional RRH arrangement and the frequency pre-compensation solution [1].” 
In RAN4 #78 meeting, UE demodulation performance under SFN scenarios had been discussed. Many companies proposed that the advanced receiver for high speed scenarios can be considered for UE performance enhancement under the SFN scenarios for the channel model specified in the SI[2]. The channel model specified for the SFN scenarios in SI is a two-tap channel model. In practical, more than two paths may be observed by UE under the SFN scenarios, so for the robustness of the advanced receiver, it is necessary to guarantee the performance under SFN scenarios with more than two paths. The channel model of the SFN scenarios with more than two paths is needed. 
In this paper, we share our views on the multiple-path channel model for the SFN scenarios, and provided a 3-tap SFN channel model.
2 Test cases for SFN scenarios
A two-tap channel model was specified for the SFN scenarios in the SI. The simulation results provided by companies show that the advanced receiver for high speed scenarios can achieve significantly performance gain under the two-tap SFN scenarios. 
In practical, more than two paths may be observed by UE under the SFN scenarios. For example, for the parameters Ds=1000m, Dmin = 300m that proposed in the SI, if the free space propagation loss is considered, the received power difference of the path coming from the nearest RRH and the path coming from the third nearest RRH is in the range of [8.36, 10.8] dB, where the received signal of the third strongest path can’t be ignored. For the robustness of the advanced receiver for the high speed scenarios, it is necessary to ensure the performance of advanced receiver under multiple-path SFN scenarios, the channel model for SFN scenarios with more than two paths is needed. 
Although UE can receive signals from all RRHs, the farer the RRH is, the lower the received power level is. For the purpose of verifying the performance of the advanced receiver under the multiple paths SFN scenarios, three paths SFN channel model would be sufficient, it is unnecessary to specify test cases under SFN scenarios with paths more than 4.

Proposal 1: Specify test case for SFN scenarios with 3 paths channel model.

3 3-tap SFN channel model
In this section, we will give the channel model for SFN scenarios with three paths. The channel model can be modelled with the same methodology as the two-tap SFN channel model, i.e. considering the channel model with wrap around. Fig. 1 shows the deployment of the SFN scenarios and the wrap around points. The SFN channel model with 3 paths can be modelled as follows:
· Channel is modelled as a three-tap channel corresponding to three nearest RRHs. 

· When UE passes wrap around point, RRH for weaker tap is replaced with newly approaching RRH. For example, when UE passes the middle of RRH2 and RRH3, UE stops receiving signal from RRH1 and starts receiving signal from RRH4. 
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Figure 1 SFN scenarios
Based on this model, we can derive Doppler shift, delay and relative power of the three channel taps as below. 
· Doppler shift
Let maximum Doppler frequency be given by 
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is carrier frequency and 
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 is speed of light.  Assume that 
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 when UE is in the middle of RRH1 and RRH2, RRHs are deployed along the railway in sequential order. Path 1, 2, 3 denote the paths from the blue RRHs, green RRHs and red RRHs respectively as shown in Fig.1. 
Doppler shifts of three paths are given by:
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Where 
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 is the maximum Doppler frequency. The cosine of angle 
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where 
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 is the distance between two neighbor RRHs; 
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 is RRH Railway track distance in meters; 
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 is the velocity of the train in m/s; 
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 is time in seconds.

· Relative power
Signal power received by the UE for each path is given by,
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Note that
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shall be normalized to the instantaneous total received power.
· Path delay

Time delay of three paths are given by
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Based on the channel model given above, for the parameters in Table 1, the corresponding relative power, path delay and Doppler shifts of three paths are provided in Fig. 2 to Fig. 4. 
Table 1 Parameters for the SFN scenarios

	Parameter
	Value
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	1000m
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	300m
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	350 km/h
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	875 Hz
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Figure 2 Relative power for 3-tap SFN channel model, Ds=1000m, Dmin = 300m, fd=875Hz
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Figure 3 Time delay for 3-tap SFN channel model, Ds=1000m, Dmin = 300m, fd=875Hz
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Figure 4 Doppler shifts for 3-tap SFN channel model, Ds=1000m, Dmin = 300m, fd=875Hz

For 1x2 antenna configuration, the same h(t,τ) is used to describe the channel between every pair of Tx and Rx.

For 2x2 antenna configuration, the same h(t,τ) is used to describe the channel between every pair of Tx and Rx with phase shift according to 
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Note that in the channel model, the instantaneous change on the Doppler shifts of the paths had been eliminated. 

4 Conclusions
In this contribution we share our views on the test cases for UE demodulation under SFN scenarios, and provide a 3-tap channel model for SFN scenarios. We propose that:
Proposal 1: Specify test case for SFN scenarios with 3 paths channel model.

Proposal 2: Consider test case under SFN scenarios with the channel model proposed in section 3.
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