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1 Introduction

In previous RAN3 meeting, high speed train scenario has been agreed as the higher priority for further discussion. And in this contribution, we try to provide some initial evaluations on solutions for high speed train scenario. 
2 Discussion
2.1 Initial evaluation on existing solutions 
In previous RAN3 meeting, high speed train scenario has been agreed as the highest scenario for further discussion. As mentioned in [1], some issues will be brought by the high speed train scenario as follows:
· Doppler frequency shift.

· Penetration loss.

· Handover success rate.

· Multi-RATs supporting. 

Currently, there are two existing solutions in the network for high speed train scenario listed as follows:
Solution 1: Dedicated deployment of macro eNBs
In this case, operators deploy dedicated base stations and/or backhaul to cover just the railway tracks with directive antennas, thus addressing radio layer issues and enabling a dedicated path for all train-generated traffic. UEs on the train are directly served in the cells ofby these dedicated base stations and communicate directly with them.
Solution 2: Dedicated deployment of macro eNBs + L1 repeaters
In this case, an amplifier is deployed on a train, which receives and forwards the radio signal between UEs on the trains and base stations deployed outside along the railway. Penetration loss and Doppler shift could be partially solved while more noise is increased and amplified; however, the handover issues could not be solved. Furthermore, it is still required to build different types of base stations along the railway.

Based on the single UE test performance in lab, the comparison between directly covering and repeater is as follows. In the table, the results in yellow are measured without repeater, while the results in green are measured with repeater.
	Performance
	GSM/EDGE
	TD-SCDMA/HSDPA

	Speed of Train
	100KM/h
	300KM/h
	400KM/h
	100KM/h
	300KM/h
	400KM/h

	Doppler Frequency Shift(Hz)
	86
	260
	360
	185
	555
	740

	
	50
	150
	250
	100
	200
	250

	BLER(%)
	6.8
	17
	18
	10
	61
	67

	
	0.75
	2.27
	3.74
	0.46
	4
	7.75

	Throughput(kbps)
	207
	195
	176
	1153
	498
	372

	
	225
	227
	223
	1272
	1227
	1179


Table 1a. Test performance in real network

	
	100KM/h
	300KM/h
	400KM/h

	HO Success Rate in GSM/EDGE
	100%
	100%
	95%

	
	100%
	100%
	90%


Table 1b. Test performance about HO Success Rate

From the figures in the table, we can conclude that if we put some entity on top of the train, e.g. even just simple repeater, the performance of the system will be greatly enhanced, while the experience of users will be improved. However, HO success rate could not be improved even for single UE case. So if the number of UEs is increased to several hundreds, the HO performance will definitely be degraded.
Conclusion 1: Based on the test performance, some entity, e.g. repeater or mobile relay, should be put on the train to provide enhancement for communication in high speed train scenario.
Proposal 1: Exclude the dedicated deployment of macro eNBs from the comparison candidates for high speed train.
2.2 Initial evaluation on repeater and mobile relay 

The main characteristics of mobile relay mentioned in the following table 2 are aligned with the type 1 relay node defined in release 10 as follows:
-
It control cells, each of which appears to a UE as a separate cell distinct from the donor cell

-
The cells shall have their own Physical Cell ID (defined in LTE Rel-8) and the relay node shall transmit its own synchronization channels, reference symbols, …

-
In the context of single-cell operation, the UE shall receive scheduling information and HARQ feedback directly from the relay node and send its control channels (SR/CQI/ACK) to the relay node

-
It shall appear as a Rel-8 eNodeB to Rel-8 UEs (i.e. be backwards compatible) 

-
To LTE-Advanced UEs, it should be possible for a relay node to appear differently than Rel-8 eNodeB to allow for further performance enhancement.
And some initial evaluation has been made about repeater and mobile relay, and the results are listed in Table 2.
	
	Repeater
	Mobile Relay
	Description

	Correction of Frequency Shift
	Some gains could be obtained.
	More gains could be obtained compared to the case of repeater
	More flexible and reliable physical mechanisms to realize estimation and correction of frequency deviation

	Capacity
	Low, no more capacity could be obtained through repeater
	High, some capacity could be obtained.
	More realizable for backhaul enhancement with mobile relay than that with repeater to guarantee the high capacity

	Latency
	Medium
	Large
	The latency is increased for mobile relay

	Coverage
	Medium
	High, less interference and noise may be introduced compared to repeater
	The interference caused by the signal outside and inside carriage could be avoided with mobile relay. Furthermore, the self-excitation could also be avoided.

	Mobility
	Low efficiency
	High efficiency
	The signaling congestion during cell reselection and handover could be avoided with mobile relay

	Cost
	Medium
	High
	The cost of repeater is less than mobile relay, about 8%, however with mobile relay; the cost for backhaul could be greatly reduced.


Table 2. Initial evaluation between repeater and mobile relay
Proposal 2: Add table 2 in the corresponding TR.

3 Conclusions

In this contribution, several proposals are provided as follows:
Proposal 1: Exclude the directly covering mechanism from the candidate solutions for high speed train.
Proposal 2: Add table 2 in the corresponding TR.
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