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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]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. 
According to the inputs from operators and companies in RAN4#74 meeting, four scenarios are agreed to be used as baseline scenarios for the study of Objective 2 in the study item [2]. The whole picture on what will be evaluated for each scenarios and the evaluation conditions is provided [3]. One of the objectives is to evaluate the corresponding channel model. For the RRH/RRU-based high speed scenario, a UE on a high-speed train passing by several RRHs/RRUs is affected by the rapid change of the received frequency due to the Doppler shift, therfore the UE is experiencing time-varing multi-path channel. This contribution provides channel measurement results and will be taken into account for modeling the RRH/RRU-based high speed scenario, i.e. Scenario 2. 
Channel Measurement Parameters for High Speed Train Scenario 2 
The deployment for channel measurement is shown in Fig. 1. In addition to the BS as one of the transmitters, there are three remote antenna units (RAUs) transmitting the same signal as the BS. They are connected to the BS with optical fiber of the same length. Using optical fiber with the same length for every RAU can avoid additional delay spread induced by difference in optical fiber length. 
We use a signal generator to generate the OFDM signal, and the frame structure is shown in Fig. 2. Inside the train, the transmitted signal is captured by real-time spectrum analyzer, which is connected to the antenna at roof-top of carriage. The spectrum analyzer captures signal periodically, and the signal is processed offline to resolve the main paths of the channel. Important parameters are listed in Table 1.
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[bookmark: _Ref416264972]Fig. 1: The deployment for channel measurement
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[bookmark: _Ref416264982]Fig. 2: The frame structure of OFDM signal

[bookmark: _Ref414542557][bookmark: _Ref414542552]Table 1. Channel measurement parameter
	Parameter
	Value

	Carrier frequency
	2.525 GHz

	Bandwidth
	11.2 MHz

	OFDM FFT size
	1024

	CP length
	22.86 us

	RAU distance
	700m~2km



1 Channel Measurement Results for High Speed Train Scenario 2
In this section, channel measurement results for high speed train scenario 2 are shown in two cases. Case 1 indicates that the location of train is in the tunnel (i.e. the receiver is in the tunnel) and Case 2 indicates that the location of train is out of the tunnel (i.e. the receiver is out of the tunnel)
The location of high-speed train, power delay profile and the normalized power delay profile for the channel measurement Case 1 are shown in Fig. 3, Fig. 4 and Fig. 5, respectively. On the other hand, the location of high-speed train, power delay profile and the normalized power delay profile for the channel measurement Case 2 are shown in Fig. 6, Fig. 7 and Fig. 8, respectively. From those figures, it can observed that no matter the train location is in the tunnel or not, the measured channel is a multi-tap channel because the receiver in the train will receive the signal transmitted from the nearby RAUs or RRHs. When the train is located near the middle of the two RAUs or RRHs, equal-strength two-tap channel effect is more obvious, as shown in Fig. 8.
Observation 1: From the channel measurement results, the measured channel is a multi-tap channel for high speed train scenario 2.
Proposal 1: For high speed train scenario 2, the existing HST channel model in TS 36.101 is not enough and new channel models need to be specified.





[bookmark: _Ref416177139]Fig. 3: High-speed train location for the channel measurement Case 1



[bookmark: _Ref416177146]Fig. 4: The measured power delay profile for the channel measurement Case 1



[bookmark: _Ref416177153]Fig. 5: The measured normalized power delay profile for the channel measurement Case 1





[bookmark: _Ref416177174]Fig. 6: High-speed train location for the channel measurement Case 2



[bookmark: _Ref416177179]Fig. 7: The measured power delay profile for the channel measurement Case 2



[bookmark: _Ref416177184]Fig. 8: The measured normalized power delay profile for the channel measurement Case 2


2 Conclusions 
In this contribution we provide the channel measurement results for the high speed train scenario 2 and have the following observation and proposal.
Observation 1: From the channel measurement results, the measured channel is a multi-tap channel for high speed train scenario 2.
Proposal 1: For high speed train scenario 2, the existing HST channel model in TS 36.101 is not enough and new channel models need to be specified.
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3  Appendix 
· Signal generator: Agilent E4438c
· Real-time spectrum analyzer: Tektronix RSA 6114A
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