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1 Introduction

The study item “Study on performance enhancements for high speed scenario in LTE” was approved at RAN plenary meeting #66 [1]. One objective of this SI is to identify new conditions that affect the system performance, including UE demodulation, for the new high speed train (HST) scenarios [2]. A common high speed train scenario is SFN deployment with RRHs along high speed train railways [2, 3], and a specified channel model for HST was agreed as in [3]. Based on this HST channel model, there have been various proposals and discussions on the factors causing performance degradation and on the potential enhancement solutions.

In this contribution, we first provide the channel model analysis based on [3]; and next show simulation results for Doppler shift estimation in HST scenario; finally give the conclusion.  

2 [bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Channel model analysis for HST

According to [2] and [3], the new two-tap HST channel model in SFN is rooted in the legacy HST channel model in TS 36.101, which was a non-fading propagation channel with one-tap channel impulse response (CIR).

For the two-tap HST channel model, each tap has an opposite Doppler shift to each other. The time delay and received power difference of the two taps depend on where the train is traveling. When the train is traveling close to one RRH and far from the other, the received signal at the UE is dominated by the strong tap from the closer RRH, while the weaker tap may be negligible. In addition, the delay difference between the two taps is large. When the train is traveling around the middle of the two RRHs, the delay difference is minimal, and the two taps have almost equal power. Therefore, in the following, we consider two cases.

Case I: The train is traveling close to one RRH and far from the other, the CIR can be expressed as


          (1)

where τ1 and τ2 are the time delays, f1 and f2 are Doppler shifts and f2 = -f1, (α1 + j.β1) and (α2 + j.β2) are the complex values for the two taps. If the train is much closer to RRH1, the signal from RRH2 would be too weak, then Eq. (1) may be approximated as


                                      (2)

In this case, Doppler shift estimator for legacy channel model may apply.

Case II: The train is traveling around the middle of the two RRHs. For the most detrimental scenario, the train is positioned right at the middle of the two RRHs, then we have

                (3)

Now, the two taps have equal power, opposite Doppler shift and exactly same delay. It could be difficult for the UE to correctly separate the effects caused by the two different paths. Therefore, enhanced Doppler shift estimator would be required, particularly for Case II.

3 Observations

In the following, we provide simulation results for the Doppler shift estimation in the two cases discussed above. The simulations setting is similar to those in [3]. Specifically, the carrier frequency is 2.69GHz, the distance of RRH to railway is 50m, the distance of two RRHs is 2km, and the train is traveling at speed of 350k/h, which makes the Doppler shift close to 870Hz when the train is away from the wrap around points.

Case I: The train is traveling at 500m to one RRH and 1500m to the other. In this case, the differences of time delay and received power of the two taps are [0, 3.33]us and [0, -9.5]dB.
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Fig.1 Comparison of estimated and true Doppler shift

[bookmark: _GoBack]Case II: The train is traveling right at the middle of two RRHs. In this case, the differences of time delay and received power of the two taps are [0, 0]us and [0, 0]dB.
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Fig.2 Comparison of estimated and true Doppler shift
Fig.1 and 2 show that when the train is traveling at the middle of two RRHs, the Doppler estimator does not work properly; while when the train is close to one RRH, which in turn means that there is a dominant tap in the received signal, then the Doppler estimator could make fairly correct estimation.

4 Conclusion 

In this contribution, we provided analysis on the RAN4 HST channel model and showed simulation results for the Doppler estimation. The results showed that when none of the two-path taps is dominant, the Doppler estimator does not work properly; while, when there is a dominant tap in the received signal, the Doppler estimator could make fairly correct estimation. Based on this observation, we could analyze the HST channel model in separate cases.
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