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1 Introduction

In many regions such as China, Europe and Japan, high speed trains are widely used or being deployed. The typical high speed railway is deployed between any two developed cities (In China, 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. Under such high speed scenario, some issues like high Doppler shift arise and need to be addressed in order to ensure the good LTE coverage and experiences.

In the contribution, we present our considerations on the high speed train scenarios in typical LTE networks. A draft SID on LTE enhancement in high speed scenario is provided.
2 Discussions 
The typical high speed railway is deployed between any two developed cities. The railway stations of each city are usually built in the downtown, which is covered by a public network (i.e. Macro eNBs). When the high speed train moves out of the downtown area, e.g., into some mountain areas or suburban areas, a dedicated network could be deployed for the coverage of high speed train. In the dedicated network the access point shall be deployed along the railways as shown in Fig.1. Of course the public network deployment in the high speed railway is not excluded. In such a scenario, the following issues arise.
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Figure 1. One Scenario of High Speed Train
· Performance degradation
The downlink/uplink performance degradation is observed, which is mainly due to the impact of high Doppler shift, especially the sharply changed Doppler shift on the boundary of two adjacent cells. And the CSI reported from UE would be outdated and thus become less useful to the eNBs, which would impact the link adaptation performance.
The existing demodulation performance requirements could not fully guarantee the performance of the timing and frequency compensation because of the change of the propagation conditions.
· High handover failure rate

As illustrated in [R4-140610], the handover success rate in high speed train under test is about 80% which is far below the network performance requirements. 
· High access failure rate

In the high speed scenario, the high access failure rate is observed. Therefore the cell search, cell identification and the RACH mechanism and performance shall be evaluated carefully.

· High radio link failure rate 

For the radio link monitoring, the current RLM requirements and test cases are quite related to the Qin and Qout performance. But under the high speed propagation condition, it’s uncertain that the functionality of reporting in-sync and out-of-sync can be implemented correctly. Once UE mis-detects the quality of serving cell, it’s quite possible for the UE to search for, or reselect other intra-/inter-frequency or inter-RAT cells. Thus the connecting time in LTE will be a big problem.

· Interference between dedicated network and public network

Since the frequency resource is rare, the dedicated network for high speed railway and public network may share the same frequency resources. Due to the mobility of high speed train it is very difficult to coordinate the interference between high speed train and the neighbouring macro cells. Thus the interference issue between the dedicated network and the public network shall be investigated.

· Challenges in CA scenario

In the future, CA will be deployed in the high speed train in order to provide high data rate and good user experience to high speed train passengers. A big challenge would be foreseen. Since the frequency resource is limited in operators, it is difficult to find a totally different frequency carrier from the dedicated network. In this case the interference between dedicated network and public work could be severe.
· Signalling storm

Hundreds of or thousands of passengers are in one train. The UEs in RRC-IDLE state would perform TAU simultaneously when the train run across the different tracking area if more than one TA is planned for the considered high speed train. Similarly the UEs in RRC-Connected state would perform handover simultaneously when the train ran from a cell to another. The signalling storm issue may result in long TA update delay, long handover delay or handover failure. 
From the discussion, so many issues could emerge in the high speed scenario. We suggest one study item be established to investigate the high speed scenario.
3 Conclusion

As discussed in the above, many issues arise in the high speed scenario; therefore we believe one study item should be established to investigate the high speed scenario. A draft SID on LTE enhanced on high speed scenario is provided in the text proposal.
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3
Justification

In many regions such as China, Europe and Japan, high speed trains are widely used or being deployed. The typical high speed railway is deployed between any two developed cities and the speed is usually 300km/h~400km/h. Under such high speed scenario, some issues like high Doppler shift arise and need to be addressed in order to ensure good LTE coverage and experiences. Therefore the core and performance requirements under high speed scenarios shall be carefully considered in order to guarantee the solid performance for both network and UE.
4
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4.1
Objective of SI or Core part WI or Testing part WI
The objectives of the work item are the following:

· Identify 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) and public network
· Same carrier and separate carriers for public network and dedicated network 

· Investigate the BS/UE performance in high speed train scenario, and identify the enhanced requirements for demodulation and CSI reporting performance.
· Investigate the RRM performance in high speed train and identify if the enhanced requirements for RRM are needed under high speed train scenario
· Investigate the system performance under the legacy mobility framework under high speed train scenario especially for the mobility performance
· Investigate the link performance under legacy high speed channel models including RLM, cell identification and RRM measurement reporting/accuracy et.al.
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