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1 Introduction
In RAN4#75 meeting, SFN channel model is agreed in [1]. Doppler shift, tap delay and relative power of SFN channel model are time-variable. 2-tap channel is as baseline.

· Doppler Shift
RRHs are deployed along the railway in sequential order. Path 1 denotes the path from even RRH and path 2 denotes the path from odd RRH. Doppler shifts of two paths are given by:
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Where 
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in which 
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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 neighbour RRH; 
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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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 are normalized to the received power from the nearest RRH provided the distance between RRH and UE is
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· Tap delay
Time delay of two taps are given by
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Based the agreed channel model, the corresponding simulation champion of RRM performance including RLM and RSRP/RSRQ accuracy carried out in RAN4. This contribution provides some considerations on the SFN simulation.
2 Discussion
2.1 Power normalization
For SFN channel, there are 2 tap with time- variable power. Regardless of tap delay, the variety of totally received power is shown in red curve. From UE receiver side, the power is time varying and the SINR is variable correspondingly. 

In TS 36.133, the side conditions for measurement are defined in B.2. Ês/Iot is an important parameter to determine UE’s performance. Ês and Iot are defined as follows,
Ês
Received energy per RE (power normalized to the subcarrier spacing) during the useful part of the symbol, i.e. excluding the cyclic prefix, at the UE antenna connector

Iot
The received power spectral density of the total noise and interference for a certain RE (power integrated over the RE and normalized to the subcarrier spacing) as measured at the UE antenna connector

Ês/Iot is observed from UE receiver side. From beginning of LTE till now, the typical methodology of evaluate RRM performance is defined with a fixed SINR. For example, the intra-frequency cell identification time is defined as 600ms with the side condition Ês/Iot > - 6 dB. It could be regarded that UEs are in the cell edge where Ês/Iot= - 6 dB.

We think it is reasonable to choose a fixed SINR from UE side to evaluate RRM performance under SFN channel.

In order to avoid the time varying channel power, some kind of normalization of the tap power shall be considered. After off-line discussion, the following normalization approach is proposed,
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where P1(t) and P2(t) are received power from 2 taps.
Proposal1: In order to avoid the time varying receive power from UE side, normalization of per-tap gain shall be considered. 
2.2 Performance analysis under SFN channel
In SFN channel, at the midway of the two RRHs, the relative power of two taps is comparable and the Doppler shift of two taps is opposite. It would bring challenge for UE to estimate and compensate the Doppler shift and perform channel estimation. Figure.1 shows that the estimated frequency shift of each tap deviates from the real one when UE is in the midway of two RRHs.
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Figure 1. Frequency tracking under SFN channel
Furthermore, the typical channel estimation, e.g., Wiener filter based on U-shape spectrum, could not deal with multiple Doppler shifts. Based on the legacy channel estimation algorithm, the simulation results of RLM [2] show that the RLM performance has degradation under SFN channel compared with AWGN and ETU70. Similar the demodulation performance deterioration is shown in [3]. Thus some kinds of enhancements could be carried out.
2.3 Possible solutions
In this clause, we provide some directions and possible solutions to enhance the performance under SFN channel.

· Option1: UE based solution(High speed scenario enhanced UE)
In order to cope with the SFN scenario with multiple Doppler shifts, we develop one kind of enhanced receiver, which we name as High Speed Scenario enhanced UE (HeUE for short). The differences between the HeUE and the legacy UE are

· HeUE is able to estimate the multiple Doppler shifts;

· HeUE is able to properly track the frequency assuming the existence of multiple Doppler shifts;

· HeUE can conduct the proper interpolation for the channel estimation especially in time domain, e.g., conducting time-domain interpolation by using the Wiener filter assuming two Doppler shifts instead of U-shape Doppler spectrum and zero Doppler shift.
Based on the enhanced algorithm on UE side, the simulation results for RLM show the comparable performance as ETU70 [2].
· Option2:eNB based solution (eNB frequency pre-compensation)
Another enhanced direction is eNB based solution. eNB could perform frequency pre-compensation for each RRH before transmission. An example is given in Figure.2 where 
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are frequency offset for RRH0 and RRH1 respectively.
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Figure 2. Example for Frequency pre-compensation
Proposal2: Enhancements could be carried out on UE side or on eNB side.
3 Conclusion
This contribution provides some considerations on SFN scenarios. The following proposals are proposed:
Proposal1: In order to avoid the time varying receive power from UE side, normalization of per-tap gain shall be considered. 
Proposal2: Enhancements could be carried out on UE side or on eNB side.
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