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1. Introduction

During the discussion of the RAN#53, the mobile relay Study Item has been approved [1]. 
At RAN3#73bis, some agreed basic requirements were already agreed as follows:
· spectrum model: 
a. same operator for backhaul link and access link spectrum
b. FFS operator A for backhaul link spectrum, operator B for access link spectrum 

· multi-RAT scenarios: 

c. LTE backhaul, LTE/3G/2G access

· consider both out-of-band and in-band relay (when applicable)

A number of technical challenges relative to the mobile relay under high speed train scenarios should be further discussed at this RAN3#74 meeting. We propose to hereby complete the corresponding requirements.
2. Discussion
2.1  Completion of the Spectrum Model Requirement
For the spectrum model (b) where the backhaul link spectrum and access link spectrum belong to different operators, our view is that this model should not be excluded for mobile relay SI. This model is in a way like a femto mounted on a high-speed train but with relaying functionality. In fact, the topic of RN and DeNB belonging to different operators has been fully addressed for Rel-10 relay. The agreements wherein can be used for spectrum model (b) as well. 

Proposal 1: Complete the Spectrum Model requirement with:

The spectral model where backhaul spectrum and access spectrum belong to different operators should be supported and the inter-operator agreement made for Rel-10 relay can be followed for this spectral model. 

2.2  Completion of the In-band/out-band Mobile Relay Requirement
High speed trains generally have metal bodywork with metallised windows, which consist of a metal layer embedded between glass layers for the sake of improving thermal insulation by reflecting the sun’s rays [2]. Consequently, high penetration losses occur due to the Faraday cage characteristics of the train carriage. There will be about 20-30 dB penetration loss for the signal transmission when passing through the carriage of the train. Table I provides the penetration loss for different high speed trains with metallised windows [8], including Belgium Trains, German Intercity-Express (ICE) as well as China Railway High-speed (CRH) trains. The high penetration loss of the train carriage provides a natural advantage for implementing in-band relay, which is only feasible when enough isolation between the transmitter and receiver at the relay is achieved. Specifically, in-band relay is capable of significantly improving the spectral efficiency and system throughput.

Table I Penetration Loss of Different Trains

	Type of Trains
	Penetration Loss (dB)

	Belgium Trains
	20-32

	German ICE
	20-40

	CRH1 & CRH2
	10-14

	CRH3 & CRH5
	24


Proposal 2: complete the In-band/Outband Mobile Relay requirement with:

In-band mobile relays should be enabled for improving spectral efficiency and system throughput.


2.3  Doppler Mitigation Requirement
The impact of Doppler frequency shift is mainly on physical processing. Below is some analysis from RAN3 perspective. 
Generally, high speed train with 350km/h speed runs open rural areas and on elevated railways. The height of the access point antenna of the Mobile Relay (MR) is typically at tens of meters, which is higher than the average building height. Consequently, LOS conditions can be expected to exist in most of the coverage area. As a result, the Doppler frequency spread is relatively small, and the Doppler frequency shift is severe, as illustrated in Figure 1.
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Figure1: Doppler frequency shift trajectory

When the MR handovers from a RRU to another, the Doppler frequency shift will have a big jump from negative maximum to positive maximum (when the speed of MR is 350 km/s, the frequency jump is  778*2Hz) as shown in figure 1,which will seriously affect the system performance , and degrades the throughput.

Proposal 3: capture the new requirement:

System design should consider the requirement of Doppler mitigation and LOS channel model should be assumed for the discussion. 
2.4
Backhaul Link Requirement:
Generally a high speed train moves at a speed of about 300 km/h. The backhaul link between a mobile relay and its DeNB is unstable especially at extremely high speed, and when the train is crossing a tunnel with NLOS between DeNB and MR. Once the connection between the DeNB and the mobile relay is dropped, the UEs served by this relay consequently drop their phone calls or other data connections.

A typical high speed train is normally around 700 to 800 meters in length, i.e. 7 or 8 carriages of 100 meters long each. In order to cover the whole train, one or multiple antennas can be mounted on each side of the train top to exploit diversity, and multiple RRHs are placed inside the train to improve the coverage for UEs. Alternatively, more than one relay could be mounted on the train to increase the stability of the backhaul link.. 
Proposal 4: capture the new requirement:

In high speed train scenario, special care to achieve the stable backhaul link is required to provide UEs with high QoS. 
2.5
Radio Resource Management and Handover Requirement:
Handover is one of the major challenges for the high-speed train scenario. Many measurements and resources are more or less cell dependent. Cell dependent measurements need to be updated and resources need to be de-allocated and re-allocated again when a train moves across neighboring cells. Group handover can be employed for reducing call drop rate due to signaling congestion, and reducing cell specific measurements and resource allocations should be considered simultaneously.
Proposal 5: Capture the new requirement:

Effort should be put on implementing group handover with minimum cell-specific measurements.
2.6
Opex and Capex Requirement:
Since the definition of ‘high-speed’ may vary a lot in different situations, it is important to clarify the target speed range first. For example, a train at lower speed in a smaller cell may experience as frequent handover as a train at higher speed but in a larger cell. They should share the solution for group handover, but differentiate in Doppler mitigation. 

Proposal 6: Clarify the target scenario with regard to both speed and cell size?
Assume each handover need t seconds to finish and the train speed is v km/h, then an overlapping area with length t*v should be reserved for guaranteeing successful handover between neighboring cells. Assume the cell radius is L, then the coverage efficiency is (L-t*v/2)/L.  For a scenario with given speed, the coverage efficiency would drop with the increase of handover time and increase with cell size. Since the length of railway tracks may be thousands of kilometers, the coverage efficiency may be a critical contributor to the CAPEX and OPEX of the whole network.
Proposal 7: Capture the new requirement:

Coverage efficiency should be maximized so as to reduce the CAPEX and OPEX. 
3. Conclusion

In this contribution, several proposals are made as follow:
Proposal 1: Complete the Spectrum Model requirement with:

The spectral model where backhaul spectrum and access spectrum belong to different operators should be supported and the inter-operator agreement made for Rel-10 relay can be followed for this spectral model. 

Proposal 2: Complete the In-band Mobile Relay requirement with:

In-band mobile relays should be enabled for improving spectral efficiency and system throughput.


Proposal 3: Capture the new requirement:

System design should consider the requirement of Doppler mitigation and LOS channel model should be assumed for the discussion. 

Proposal 4: Capture the new requirement:

In high speed train scenario, special care to achieve the stable backhaul link is required to provide UEs with high QoS. 

Proposal 5: Capture the new requirement:

Effort should be put on implementing group handover with minimum cell-specific measurements.
Proposal 6: Clarify the target scenario with regard to both speed and cell size?
Proposal 7: Capture the new requirement:

Coverage efficiency should be maximized so as to reduce the CAPEX and OPEX.  
4. References

[1] RP-11137  New Study Item Proposal : Mobile Relay for E_UTRA
[2] F. Abrishamkar and J. Irvine, “Comparison of Current Solutions for the Provision of Voice Services to Passengers on High Speed Trains,” in Proc. IEEE VTC Fall, pp. 2068-2075, 2000.
1
R3-11xxxx

