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1 Introduction
At RAN plenary meeting #66, the new study item “Study on performance enhancements for high speed scenario in LTE” was approved [1]. One of the objectives of the study item is to:
· Identify new high speed train scenarios for enhancements
· The practical deployment scenario for high speed train coverage should be taken into account for evaluation;
· Dedicated network (such as RRH deployments) is deployed in high speed railway
· Separate carriers are utilized for high speed scenario. One carrier with good coverage serves as PCell for mobility management. One carrier at high frequency may provide the good data transmission.
· Public network is deployed along the railways and repeaters are installed in carriages
· Dedicated network is deployed along the railways and repeaters are installed in carriages.
· Deployment where coverage inside tunnels is provided by one or more repeaters
· The practical deployment scenarios and corresponding parameters are welcomed to be provided by interested operators.
· Target moving speed and carrier frequency shall be investigated.
· The channel model for high speed train scenario shall be evaluated. 
For the RRH based high speed scenario, a UE on a high-speed train passing by several RRHs is affected by the rapid change of the received frequency due to the Doppler shift, simultaneously the UE is experiencing time -variable multi-path channel.  This contribution outlines considerations that shall be taken into account for modeling the RRH based high speed scenario.
2 Discussion                
2.1 Legacy HST channel 
In TS 36.101, the high speed train condition for the test of the baseband performance is a non fading propagation channel with one tap shown in figure B.3-1.
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Figure B.3-1: Doppler shift trajectory
2.2 SFN channel model
In China the typical high speed railway is deployed between any two large cities (e.g., high speed railway between Beijing and Tianjin, or high speed railway between Shanghai and Hangzhou, etc.) and the speed is usually 300km/h~400km/h. The railway stations of each city are usually built in the downtown. When the high speed train moves out of the downtown area, a dedicated could be deployed for the coverage of high speed railway in order to avoid interference. A typical network deployment is RRH based deployment, that is, multiple RRHs are connected to one BBU with fiber, in other words multiple RRUs shares the same cell ID. Hereinafter the scenario is regarded as SFN scenario as shown in Figure 1. The channel is different with the existing HST channel or existing multi-path fading propagation channel. 
In the following, we try to figure out the SFN channel model. 
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Figure 1 SFN scenario

Physical parameters:

1) 
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 is the initial distance of the train from RRH, where 
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 is the distance between two neighbour 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) 
[image: image7.wmf]t

 is time in seconds.
· Doppler Shift

Maximum Doppler frequency:
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where f is carrier  frequency and c is light speed.
Doppler shift from nth-RRH is given by

[image: image9.wmf]sn

22

min

21

2

cos0

21

()

2

s

dds

s

n

Dvt

ffftNDv

n

DvtD

q

-

-

==££

-

-+

，

  

                                                   (2)
· Tap delay

SFN channel model looks like a multi-path channel, and each path is from each RRH. Tap delay is the received relative time difference from each tap to the first received tap.
The nth-tap delay is given as
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where assuming the first received path is i-th path, 
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is RRH height compared to railway track.
· Relative power
Taking free space propagation model as an example, the received power is inversely to distance n-times square assuming n=2. Relative power is inverse to distance square.

The nth-tap relative power is given as,
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2.3 Simulation results
Based on the simulation parameters listed in Table2, the Doppler shift trajectory and relative power results are shown in Figure 2 and 3. UE pass through two cells (two BBUs). Six taps of Doppler shift are separately shown in Figure.2. Power variation of different tap and the total power variation from UE perspective are shown in Figure 3.
Table 2: Parameters for dedicated high speed train scenario
	Parameter
	Value

	Carrier Frequency
	2.6GHz

	RRH Railway track distance
	300m 

	Distance between RRH
	1km

	Cell ISD
	6km (6 RRHs connect to 1 BBU)

	RRH height (compared to railway track)
	25m
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Figure 2. Doppler shift trajectory in SFN scenario
[image: image14.png]Relative Power 1 (Unit:dB)

Time (Unit:s)





Figure 3 Relative power trajectory in SFN scenario
From the simulation results and formula (2)(3)(4) it can be seen that Doppler shift, tap delay and relative power is time-variable, this is very different with existing channels which are used for performance evaluation. So we suggest that the SFN channel model shall be studied and the RRM and demodulation performance shall be evaluated under the new type channel.

Proposal 1: SFN channel model shall be studied and the RRM and demodulation performance shall be evaluated under the new type channel.
2.4 More consideration on SFN channel model for downlink demodulation requirements
According to our analysis, the challenges of SFN scenarios include the timing and frequency tracking and the channel estimation. 
For the evaluation of performance of timing and frequency tracking, the dynamic channel model with the varying Doppler shift, Tap delay and relative power should be considered. Under such channel, the first path arriving at UE will change fast when UE moves far from one RRH and close to the other one and the estimated efficient “Doppler shift” will also change because the signal with dominant power changes and the signal from different RRH to UE will has different Doppler shift.
For the evaluation of channel estimation, the worse case may happen when UE is located in-between tow RRH. In such scenario, the signal from the RRH in front of the UE will be with the positive maximum Doppler shift, while the signal coming from the RRH behind the UE will be with the negative maximum Doppler shift. If both signals had the same power level, the efficient Doppler shift estimated by UE would be zero and no AFC would be conducted. And the UE performance would degrade. And the Doppler spectrum for such scenario is different from the classic U-shape Doppler spectrum, which means the optimal Wiener filter for channel estimation will be different from the existing one for NLOS channels.
So we would like to propose to kinds of channel models for demodulation performance evaluations:

Proposal 2: We propose two kinds of channel models for demodulation performance evaluation:

· SFN dynamic channel model: Doppler shifts, Tap delays and relative power levels for the RRHs will change with time;

· SFN static channel model: two-path model where one tap is with the positive maximum Doppler shift and the other is with the negative maximum Doppler shift.
3 Conclusions
In this contribution, we provide the SFN channel model for high speed train scenario.
Proposal 1: SFN channel model shall be studied and the RRM and demodulation performance shall be evaluated under the new type channel.
Proposal 2: We propose two kinds of channel models for demodulation performance evaluation:

· SFN dynamic channel model: Doppler shifts, Tap delays and relative power levels for the RRHs will change with time;

· SFN static channel model: two-path model where one tap is with the positive maximum Doppler shift and the other is with the negative maximum Doppler shift.
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