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1. Introduction
In RAN4 #74, RAN4 had first discussion on a new RAN4 SI “LTE performance enhancement under high speed scenario”.RAN4 had first discussion on a new RAN4 SID “LTE performance enhancement under high speed scenario”. In SID [1], second objective of SI is specified as 

Identifying other new conditions to affect the system performance for E-UTRA under high speed environment and investigating BS demodulation, UE demodulation, and UE RRM performance under the identified new high speed scenarios. 
There were various proposal for new high speed deployment scenario but one most concrete scenario investigated by multiple companies were SFN deployment with RRH (remote radio head) along high speed train railroad [1-3]. As elaborated in [1], SFN deployment with RRH can present a unique channel model with dynamic Doppler shift, channel tap delay and channel tap power. Considering that such deployment is already adopted in some operators’ network, it would be essential to define appropriate channel model and specify corresponding performance requirement both in DL and UL. 
In this contribution, we propose a channel model that can capture dynamic propagation condition of SFN deployment while minimizing channel modeling complexity. 
2. Discussion
2.1. SFN deployment
In [1], RRH-based SFN deployment along high speed train railroad was presented as in Figure 1 wherein multiple RRHs are connected to one BBU with fiber and same waveform is transmitted from multiple RRHs to provide single cell coverage. This deployment seems to have benefit in terms of reduced handover since coverage of single cell is now enlarged with the help of multiple RRHs. 
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Figure 1 SFN scenario [1]
For channel modeling, following parameters need to be defined. 
1) 
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 is the distance between two neighbor RRH. Assuming N RRHs share the same cell ID

2) 
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 is RRH railway track distance in meters

3) 
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 is the velocity of the train in m/s
4) 
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 is time in seconds
In order to derive a simple channel model suitable for link level performance evaluation, we will assume that infinite number of RRHs are connected to one BBU and thus UE is in the coverage of one cell all the time. Note that signal observed at UE receiver is superposition of signals from multiple RRHs due to SFN transmission. 
2.2. DL dynamic channel model with wrap around
Assuming that there is only line-of-sight propagation, UE will observe superposition of signals coming from multiple RRHs. If we further assume transmission timing is perfectly synchronized in RRHs, UE will observe multipath channel due to different propagation delay between UE and RRHs. Since UE is moving along the railway, signal properties such as Doppler shift, time delay and power will dynamically change with time. In [1], trajectory of Doppler shift, tap delay and tap power for signal component from each RRHs is derived to show how signal would look like at UE receiver. In our view, channel model for SFN deployment should capture dynamic nature of multipath component to allow proper evaluation of demodulation performance in real network. Simplified channel model proposed in [2] that models only dynamic Doppler shift while assuming static delay and power of multipath component cannot guarantee reliable performance in real network. 
However, channel emulator cannot model the dynamic channel in [1] as it is since it would require large number of taps with large delay. For example, if we look at the tap from first RRH, tap delay would increase forever as UE moves along the railway. One simplification we can consider is wrap around illustrated in Figure 2. In simplified channel model, it is assumed that
· Channel is modeled as two tap channel corresponding to two nearest RRHs. 
· When UE passes wrap around point, RRH for weaker tap is replaced with newly approaching RRH. For example, when UE passes RRH2, UE stops receiving signal from RRH1 and starts receiving signal from RRH3. 
Based on this model, we can derive Doppler shift, delay and power of two channel taps as below. 
Let maximum Doppler frequency be given by 
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 where 
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is carrier frequency and 
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 is speed of light. 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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. Here, 
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 is given by
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Note that this Doppler shift model is exactly same as existing HST channel model. 
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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Assuming that transmit power from RRHs are same, signal power received by the UE from each RRH is given by
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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. 
Figure 3 shows Doppler shift, delay and received power of simplified two tap SFN channel model. It is assumed that carrier frequency is 2.69 GHz, train speed is 350km/h, 
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. When UE is passes through RRH1, 
· Received signal at UE is dominated by signal from RRH1. 
· For signal from RRH1, sign flip of Doppler shift happens, which is similar to what UE observes in existing HST channel model. 

· UE’s frequency and time tracking loop will follow Doppler shift and delay of RRH1 signal. 

· Signal from RRH2 is much weaker than signal from RRH1. Thus, it will have little contribution on the superposed received signal. 

· Signal from RRH2 arrives later than signal from RRH1 and relative delay is dependent on distance between adjacent RRHs. Signal from RRH2 will also go through sign flip of Doppler shift. However, Doppler shift and delay of weaker path would not affect UE’s frequency and timing tracking loop. 
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Figure 2. SFN channel model with wrap around
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Figure 3. Doppler shift, delay and power for two tap SFN channel model
As UE approaches halfway between two RRHs, 
· Received signal power between RRH1 signal and RRH2 signal becomes similar. When UE is in the middle between two RRHs, received power of two signals would be same. 
· Doppler shift of signal from RRH1 is negative while Doppler shift of signal from RRH2 is positive. As UE passes halfway between RRH1 and RRH2, it will observes large change in effective frequency offset. 
· Delay of two signal components are almost same and UE will observe effectively one path which is superposition of signals from two RRHs.
As UE further moves toward RRH2, 
· Signal from RRH2 starts to dominate while signal from RRH1 becomes weaker. 
· UE’s tracking loop starts to follow Doppler shift and delay of RRH2 signal. 
· As UE further approaches RRH2, same signal variation that happened when UE passes through RRH1 is replicated for RRH2 signal. 
Proposal 1. Adopt two tap dynamic channel model with wrap around for SFN deployment in HST scenario. 

2.3. UL dynamic channel model
For UL channel model, we need to have assumption on how network combines UL signal picked up by multiple RRHs. For simplicity of modeling, let’s assume that network combines signals in waveform domain and feeds it into BBU for demodulation. Then, we can pretty much reuse channel model for DL signal in UL except that Doppler shift is twice in UL. The reason for that is UE adjusts carrier frequency UL signal based on Doppler shift it observes on DL signal. 
Proposal 2. Use dynamic channel model for DL also in UL with Doppler shift value equal to twice of DL Doppler shift. 
3. Conclusions

In this contribution, we provided dynamic channel model for RRH based SFN deployment in HST scenario. We proposed simplified two tap channel model with wrap around that can capture dynamic behavior of propagation channel while minimizing the modeling complexity. 
Proposal 1. Adopt two tap dynamic channel model with wrap around for SFN deployment in HST scenario. 

Proposal 2. Use dynamic channel model for DL also in UL with Doppler shift value equal to twice of DL Doppler shift. 
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