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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 large 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 UMTS the similar issues are studied extensively as in [1] and [2]. It is expected that the corresponding performance in LTE and inter-working between LTE and other RATs should also be investigated.
This paper provides the motivations of further evolving LTE for high speed scenarios, for the study proposal in Rel-13 [3].
2 Motivations
2.1 Challenges 
The high speed railway is usually deployed between any two large 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 or public network could be deployed for the coverage of high speed railway as shown in Figure 1. 
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Figure 1: High Speed Train scenarios

Under high speed scenarios, several outstanding issues arise.
2.1.1 High Doppler
High Doppler shift arises, especially the sharply changed Doppler shift on the boundary of two adjacent cells with the train high speed moving. The Doppler shift will degrade the demodulation performance. Figure 2 shows the Doppler shift range under high speed 400km/h for the different bands. Thus the existing demodulation performance requirements would face huge challenges. For example, the maximum Doppler shift for 3.5GHz band is above 1000Hz.
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(f: frequency; c: light speed; v:train speed;
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Figure 2: Doppler shift
In Table 1 and Table 2, we list all the existing UE/BS demodulation performance requirements for high Doppler. In the existing requirements, the maximum Doppler spread is 300Hz for both UE and BS. And in Annex B.3 of TS36.101 and Annex B.3 of TS36.104, the propagation conditions for high speed train are given. The maximum Doppler shifts for UE and BS are 750Hz and 1340Hz respectively, which are derived from Band 7 and Band 1 respectively.
Table1. Existing UE demodulation performance requirements with high Doppler, TS36.101
	Test cases
	Descriptions
	Propagation conditions

	FDD

	Test #3 in 8.2.1.1.1
	TM1 10MHz 1/3QPSK 1x2 Low
	ETU300

	Test #4 in 8.2.1.1.1
	TM1 10MHz 1/2 16QAM 1x2
	HST

	Test #8 in 8.2.1.1.1
	TM1 5MHz, 10MHz 1/2 16QAM 1x2 High
	ETU300

	Test #2 in 8.2.1.2.1
	TM2 10MHz, 1/3 QPSK, 2x2
	HST

	Test #3 in 8.2.1.3.1
	TM3 1/2 64QAM, 2x2 Low
	EVA200

	Test #4 in 8.2.1.3.1
	TM3 0.47 64QAM, 2x2 Low
	ETU300

	Under discussion
	TM3 xx 64QAM, 2x2 Low
	EVA600

	TDD

	Test #3 in 8.2.2.1.1
	TM1 10MHz 1/3QPSK 1x2 Low
	ETU300

	Test #4 in 8.2.2.1.1
	TM1 10MHz 1/2 16QAM 1x2
	HST

	Test #8 in 8.2.2.1.1
	TM1 5MHz, 10MHz 1/2 16QAM 1x2 High
	ETU300

	Test #2 in 8.2.2.2.1
	TM2 10MHz, 1/3 QPSK, 2x2
	HST

	Test #2 in 8.2.2.3.1
	TM3 1/2 64QAM, 2x2 Low
	EVA200

	Test #3 in 8.2.2.3.1
	TM3 0.47 64QAM, 2x2 Low
	ETU300

	Under discussion
	TM3 xx 64QAM, 2x2 Low
	EVA600


Table2. Existing BS demodulation performance requirements with high Doppler, TS36.104

	Test cases
	Descriptions
	Propagation conditions

	8.2.1.1
	1.4MHz~20MHz, 1x2/1x4/1x8, PUSCH Normal CP
	ETU300 Low

	8.2.3.1
	1.4MHz~20MHz, 1x1/1x2, PUSCH Normal CP
	HST scenario


Comparing Figure 1 and Table 1/2, the mismatches between the Doppler maximum spread and the Doppler maximum shift of the existing UE/BS requirements and those in the practical scenarios can be observed. With the higher frequency bands being introduced, the existing demodulation requirements could not guarantee the receiver performance under high frequency band and high Doppler shift scenario.
According to the recent study in RAN4, the potential performance loss or inconsistent performances between different UEs could be observed either for the demodulation performance or for RLM/RRM performance [4~16].

Besides the existing propagation condition of HST may not match the channel in the practical network deployment scenarios as shown in the next section.
2.1.2 Penetration loss
The high speed trains are made up of the fully closed carriages, and the typical material for high speed train is stainless steel, aluminum alloy or hollow aluminum alloy et.al. The corresponding typical penetration loss for different trains is listed in Table 3. The big penetration loss can be found. With the change of arrival angle of the signal, the penetration loss will become even larger. The large penetration loss would result in performance deterioration and has impacts on the link budget. 
Table3. Penetration loss for different train type

	Train Type
	Material
	Typical Penetration loss(dB)

	A(ordinary train)
	Iron
	12

	B (high speed train)
	Stainless steel
	24

	C (ordinary train)
	Hollow Aluminum alloy
	14

	D (high speed train)
	Aluminum alloy
	29

	E (high speed train)
	Hollow Aluminum alloy
	22


2.1.3 Challenges for mobility
Below we list the challenges for mobility including access and handover and radio link failure. 
· High handover times and failure rate

As illustrated in [17], the handover success rate in high speed train under test is about 80%. 

· High access failure rate

In the high speed scenarios, the high access failure rate is observed in some scenarios. 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 time UE is connected in LTE network would be decreased. 
2.1.4 Others
Except for the above, the following challenges could also be found.
· Challenges in CA (Carrier Aggregation)/DC (Dual Connectivity) scenario

In the future, CA/DC 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.
In Rel-10 the cell identification and measurement requirements defined for CA and DC are based on low/medium rapidity. Whether the existing requirements are appropriate for high speed train scenario needs careful considerations.

· Signalling storm

Hundreds of or thousands of passengers are in one train. The UEs in RRC-IDLE state would perform TAU (tracking area update) simultaneously when the train runs 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. 
2.2 Typical high speed scenarios
In real railway network deployments, there are several typical scenarios:
Scenario1: Dedicated network is deployed along the railways (such as RRH deployments). Separate carriers are utilized for dedicated and public networks. By sharing the same Cell ID among multiple RRHs, the handover success rate can be increased to some extent.
Scenario2: 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.CA or DC could be applied.
Scenario3: Public network is deployed along the railways and repeaters are installed in carriages. With repeaters, the signal quality can be improved although the penetration loss is large.
Scenario4: Dedicated network is deployed along the railways and repeaters are installed in carriages.

In these scenarios, some specific deployments or implementations are utilized to mitigate the negative impacts of the above challenges. But the issues above still exist largely. The challenges under scenario1, 2, 3 and 4 would be different, which are listed in Table 4.
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Figure 3: high speed train scenarios

Table 4: Check list: whether the challenges exist or not
	Issues 
	Scenario #1 
	Scenario #2 
	Scenario #3 
	Scenario #4

	High Doppler 
	Yes
	Yes
	Yes
	Yes

	Penetration loss
	Yes
	Yes
	No
	No

	Bad access/Handover /RLF
	Alleviated
	Alleviated
	Yes
	Yes

	Signaling storm 
	Yes
	Yes
	Yes
	Yes


It is expected that the challenges/issues under different scenarios should be studied and evaluated firstly. Then candidate solutions should be discussed and proposed if problems are confirmed during the study
It is possible that the deployment scenario will be different for operators. The practical deployment scenarios and corresponding parameters are welcomed to be provided by interested operators. Once the baseline deployment scenario and parameters are finalized the system performance can be evaluated as we have done for UMTS in [2].
3 Proposal

With the extensive development of high speed trains, the wireless communication system is desired to provide a good service to the users under high speed scenarios. Under this scenario, many issues emerge which degrade the user experience. 
Therefore, in order to improve the user experience, we propose to set up a new Study Item [3] for LTE enhancement under high speed scenario to systematically study the solutions from the receiver side firstly and transmit side (layer-1/layer-2 enhancement) if needed. We propose to start the study in Rel-13 from RAN#65.
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