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1 Introduction
In RAN Plenary #66 meeting [1] the new study item of perforemnce enhancements for high speed scenario was approved [2]. In some contries, several high speed train services have been provided, e.g., Japan Tohoku Shinkansen, German ICE, AGV Italo, Tawian High Speed Rail (THSR) and Shanghai Maglev. With the increase of high speed moving environment, the demand of using mobiles in such an environment in E-UTRA is growing larger. Therefore, it is important to guarantee the performance under such environment in E-UTRA.
In addition, due to different commercial network deployment scenarios of operators and surrounding environments (downtown/suburban, tunnel or mountain areas), there may exist some issues/scenarios that the current specified requirements may not be able to cover and to guarantee the solid performance. Therefore, it would be worth investigating potential issues/scenarios and identifying some new requirements to ensure them from various aspects where the current requirements are missing now.
In Taiwan, the LTE field trial test platform for high speed train scenario has been set up from Hsinchu (South) to Yangmei (North). The real deployment for performance evaluation is presented in Fig. 1, there are 3 base stations from Hsinchu (South) to Yangmei (North). For specific Taiwan’s tunnel enviorments, we deploy the Rodio over Fiber (ROF) system with remote antenna units (RAUs) to extend eNB signal to RAUs through fiber. Hence, it can alleviate the tunnel effect and avoid that User Equipment (UE) can’t connect the LTE cell. 
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Fig. 1: The deployment of LTE field trial test platform for THSR
The average speed of Taiwan High Speed Train for performance evaluation from Hsinchu (South) to Yangmei (North) is from 0 km/hr to 250 km/hr which is presented in Fig 2, where the x-axis shows the mile (km) indication in THSR.
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Fig. 2: The average speed of Taiwan High Speed Train from Hsinchu (South) to Yangmei (North)
· To solve the penetration loss of UEs on the high speed train directly connecting to outdoor macro eNB, a two-hop architecture is exploited. In this two-hop architecture presented in Fig. 3, a LTE router is deployed on the high speed train and the antennas for this LTE router are mounted outside the carriages. On-board small cells such as micro eNB or WiFi are connected to this LTE router and responsible for serving for all UEs on the high speed train. In other words, all packets are transmitted over the internet via this LTE router. Using two-hop architecture can have some advantages as follows:

· 
The power consumption of UEs can be saved since UEs are not required to connect outdoor macro eNB.

· 
Decrease the processing and signaling overheads for AAA (authentication, authorization, and accounting) and improve network management.
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Fig. 3: Two-hop architecture
2 Handover issue for High Speed Train Scenario
One of the main goals of the LTE radio network is to provide fast and seamless handover (HO) from one cell to another while simultaneously keeping network management simple. LTE technology is designed to support mobility for various mobile speeds up to 350km/h or even up to 500km/h. With the moving speed even higher, the handover will be more frequent and fast. Handover is one of the key procedures for ensuring that the users move freely through the network while still being connected and being offered quality services. Since its success rate is a key indicator of user satisfaction, it is vital that this procedure happens as fast and as seamlessly as possible. But the problem of providing seamless access becomes even more important in LTE since it uses hard handover (break-before-make). However, the realistic operation in high speed senairo may exist some issues that the current specified requirements may not be able to cover or to guarantee the solid performance. Hence, to realize the handover procedure to get the required performance is considered an important issue in LTE networks [3]. 
In Taiwan, our LTE field trial test platform located from Hsinchu (South) to Yangmei (North) where deployed 3 base stations (P01, P11,P12) , and two ROF systems with five RAUs (P02,P03,P04,P05,P06) and four RAUs (P07,P08, P09, P10). We investage the problem of wireless access for high speed train’s router in an area covered by LTE cells and evaluate the handover issue. A base sation is the user access point of a cell, referred to as eNB. A user connected to eNB by User Equipment (UE), can move freely across the cell, and a handover takes place when a UE change the serving base sation.  The handover is triggered by the eNodeB, based on the received measurement reports from the UE. The handover can be classified as intra handover (intra-HO) and inter handover (inter-HO).  The placement of intra-HO and inter-HO for the THSR deployment is shown in Fig. 4. Based on the handover placement, we investigate the evaluation performance with system measurements which including reference signal received power (RSRP) and round trip time (RTT).
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Fig. 4: Handover placement for the THSR deployment
3 Handover Procedure 

The Third Generation Partnership Program (3GPP) has defined Long Term Evolution (LTE) as part of the 3GPP Release 8 specifications. One of the main goals of LTE is to provide fast and seamless handover from one cell (a serving cell) to another (a target cell). Handovers in LTE are ‘hard’ handovers, meaning that there is a short interruption in service when the handover is performed. This is true for both intra-eNB and inter-eNB handovers. The conventional handover procedure is shown in Fig. 5. From this figure, when the handover is not successful after the handover initiation, radio link failure is detected and then the UE starts the attach procedure.

[image: image5.emf]
Fig. 5: Conventional Handover Procedure

4 Performance Evaluation for the THSR 

Performances including RSRP and RTT for the THSR are evaluated. The deployment of the THSR for the performance evaluation is shown in Figure 1-4, and the system paramters for the LTE eNB configureation are shown in the Appendix.
Performance evaluation including RSRP and RTT for the THSR are shown in Fig. 6 and Fig. 7, respectively. In the two figures, we can observe that the RSRP and RTT performance become worse at the x-axis about 525sec. It occurs at the location of the first inter-HO in the long tunnel (Hukou tunnel). High speed (speed>250km/hr) and long tunnel environment may increase the probability of the RLF occurrence and hence degrade the performance
Observation 1: The performance of RSRP and RTT wil become worse in the long tunnel environment for the high speed train secnario. 
Proposal 1: High speed (speed>250km/hr) and long tunnel environment should be condisered for the high speed train secnario. 
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Fig. 6: RSRP Performance Evaluation for the THSR 
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Fig. 7: RTT Performance Evaluation for the THSR

5 Conclusions

In this contribution we provide the evaluation results for the high speed train scenario and have the following observation and proposal.

Observation 1: The performance of RSRP and RTT wil become worse in the long tunnel environment for the high speed train secnario. 
Proposal 1: High speed (speed>250km/hr) and long tunnel environment should be condisered for the high speed train secnario. 
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7  Appendix
The system paramters for the LTE eNB configureation are shown in the following table.
	Cell
	S1C1 at Hsinchu South
	S1C2 at Hsinchu North (RoF)
	S2C1 at Hukou South (RoF)
	S2C2 at Hukou North
	S3C1 at Yangmei

	State
	ON
	ON
	ON
	ON
	ON

	Physical CID
	303
	304
	308
	306
	310

	Sync. Dev.
	<= 10 us
	<= 10 us
	<= 10 us
	<= 10 us
	<= 10 us

	Ant. Delay DL
	Default
	Default
	Default
	Default
	Default

	Ant. Delay UL
	Default
	Default
	Default
	Default
	Default

	Tx. Power
	+49 dBm
	+29 dBm
	+29 dBm
	+49 dBm
	+49 dBm

	Tx. Mode
	2
	2
	2
	2
	2

	Bandwidth
	15 MHz
	15 MHz
	15MHz
	15 MHz
	15 MHz

	EARFCN
	37875
	37875
	37875
	37875
	37875

	Power PUCCH
	-107 dBm
	-107 dBm
	-107 dBm
	-107 dBm
	-107 dBm

	Power PUSCH
	-93 dBm
	-93 dBm
	-93 dBm
	-93 dBm
	-93 dBm
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