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1 Introduction
In recent RAN3 meetings, the mobile relay solution is compared with the existing solutions in high speed trains scenarios [1][2]. Some performance metrics have been adopted into the TR36.416[3] for the comparison. In this discussion paper, we summarize the existing solutions in high speed trains scenarios. Then we propose to add a new performance measurement for comparing various solutions. Finally, we present the performance comparisons between mobile relay solution and existing solutions.
2 Existing Solutions for High Speed Trains Scenarios
As enumerated in TR 36.416, existing solutions for high speed trains scenarios include dedicated deployment of macro eNBs w/o CA and dedicated deployment of macro eNBs + L1 repeaters. Basically, these solutions are targeted at:
1) Increase the cell coverage range (i.e. the cell size) in order to reduce the handover frequency, thus reducing the handover failure rate;

2) Eliminate the penetration loss to obtain higher channel quality (only applicable for macro eNBs + L1 repeaters);

3) Optimize the network parameters in order to improve the cell selection/reselection/TAU for idle mode UEs;

Since macro eNBs with L1 repeater is likely to achieve higher spectral efficiency than macro eNBs without L1 repeater, we propose to use dedicated deployment of macro eNBs + L1 repeater as the baseline for comparison with the mobile relay solution.

Proposal 1: RAN3 is kindly requested to use dedicated deployment of macro eNBs + L1 repeater as the baseline for comparison with the mobile relay solution.
3 Comparison of Mobile Relay solution and Existing Solutions for High Speed Trains Scenarios
1.1. SINR improvement
Both L1 repeater and mobile relay solution can improve the SINR by avoiding the penetration loss. For UE’s in the train, repeater amplifies the interference and noise along with the signal. Thus, the SINR of L1 repeater solution will be worse than that of mobile relay.

1.2. Spectral efficiency and capacity

In high speed train scenarios, mobile relay can adopt inband solutions with adequate antenna isolation. Thus the comparison of spectral efficiency between mobile relay and L1 repeater solutions is mainly determined by their SINRs. Then mobile relay will achieve higher spectral efficiency than L1 repeater. Additionally, mobile relay is able to use advanced technologies such as CA or high-order MIMO, to enhance the backhaul link and improve the capacity. And such enhancement does not rely on the capability of UE in the train. As a result, mobile relay is likely to achieve higher capacity than L1 repeater.
1.3. Signaling overhead

For existing solutions, handover for massive UEs frequently happens and that will cause significant signaling overhead. For mobile relay, some kind of optimization mechanism such as group handover can be adopted to minimize the signaling overhead.
1.4. Latency 

The latency of using mobile relay is determined by the exact architecture that mobile relay adopts. For Alt. 1, the latency could be very large since the relay data (both signaling and user data) have to routed to the core network. For Alt. 2 or 3, the latency could be small (or similar to existing solution).

1.5. Multi-RAT support

For existing solutions, the dedicated macro eNB should support multi-RAT and dual-mode (FDD and TDD) and the repeater should support multi-band to support multi-RAT/dual-mode. Operators need to deploy hundreds of dedicated multi-RAT macro eNBs along the railway for thousands of kilometers. For mobile relay solutions, the mobile relay node should support multi-RAT but the DeNB may or may not support multi-RAT. For example, the DeNB can only support LTE while the mobile relay support multi-RAT and dual-mode. That will save CAPEX and OPEX compared with the existing solutions. 
1.6. Doppler Mitigation

For existing solutions, UE experiences Doppler mitigation while in mobile relay solutions UE is protected from the Doppler mitigation. 

1.7. Penetration loss avoidance

Both existing solution and mobile relay solution can use separate antennas for access link and backhaul link, thus avoiding the penetration loss.
1.8. Handover success rate

For existing solutions, the channel qualities of UEs are more vulnerable to the high speed mobility of the train. Additionally, a lot of UEs are going to handover from cell to cell in a short time, which causes the signaling burst. Compared with existing solutions, UEs in mobile relay solutions can be kept unaffected by the mobility of train. And the handover of mobile relay can be optimized through network planning and optimization technologies. As a result, the handover success rate of mobile relay solution can be much better than that of existing solutions.
1.9. Standardization effort and complexity
Apparently, existing solution does not require standardization effort and incurs no additional complexity. The mobile relay solution requires some degree of standardization effort, depending on the architecture. The standardization effort of mobile relay solution based on alternative 1 can be minimized but that based on alternative 2 requires significant standardization effort and incurs additional complexity.

1.10. Estimated cost
In single-RAT scenario, the cost of existing solution is relatively small but the CAPEX and OPEX of existing solution increases significantly with the RATs supported. On the other hand, the cost of mobile relay is relative large in multi-RAT scenario, but the CAPEX and OPEX increases slightly with the RATs supported (The reason is the massive DeNB can only support single-RAT). 

1.11. Impact on existing network architecture
Existing solution has no impact on the existing network architecture. The mobile relay solution may have some impact on existing network architecture. The standardization effort of mobile relay solution based on alternative 1 can be minimized but that based on alternative 2 may have some impact on existing network architecture. 
1.12. Impact on UE energy consumption
UE needs more handover, cell reselection and TAU in existing solutions, which leads to high energy consumption. On the other hand, UE under mobile relay saves energy by avoiding frequent handover, cell reselection and TAU. Additionally, UE’s UL transmission power can be lower under mobile relay due to the stability of access link than L1 repeater.
1.13. Coverage
Both L1 repeater and mobile relay can improve the coverage for high speed trains. There are no significant difference between the coverage of existing solution and that of mobile relay.

1.14. Backhaul link stability

Both repeater and mobile relay are supposed to have an antenna on the top of the train for communication with the (D)eNB. Their backhaul link stabilities can be similar. 
1.15. Security

The air interface security is supported in both L1 repeater solution (by eNB and UE) and mobile relay solution (by DeNB, mobile relay and UE).
	
	Existing solution
	Mobile relay

	Spectral efficiency
	Medium
	High (for inband relay)

	Signalling overhead
	High 
	Low

	Latency
	Low 
	Medium (For Alt. 2 or 3)/high (For alt. 1)

	Multi-RAT support 
	Not good
	good

	Doppler Mitigation
	Large
	No (for UE)

	Penetration loss avoidance
	Yes 
	Yes 

	Handover success rate
	Not good
	Good

	Standardization effort and complexity
	No
	Small (Alt. 1)/large (Alt. 2)

	Estimated cost
	Small in Single-RAT scenario
High in multi-RAT scenario
	Medium in both single-RAT and multi-RAT scenarios

	Impact on existing network architecture 
	No impact
	Small (Alt. 1)/medium(Alt. 2)

	Impact on UE energy consumption
	Large 
	Minimized

	SINR improvement
	medium
	Large

	Capacity
	medium
	Large

	Coverage
	No significant difference 
	No significant difference

	Security
	good
	good

	Backhaul link stability
	No significant difference 
	No significant difference


Proposal 3: RAN3 is kindly requested to consider the above table of performance comparison between mobile relay and existing solutions.
4 Conclusion & Proposal
In this discussion paper, we summarize the existing solutions in high speed trains scenarios. We propose to use dedicated deployment of macro eNBs + L1 repeater as the baseline for comparison with the mobile relay solution.

Proposal 1: RAN3 is kindly requested to use dedicated deployment of macro eNBs + L1 repeater as the baseline for comparison with the mobile relay solution.
Finally, we present the performance comparisons between mobile relay solution and existing solutions.
	
	Existing solution
	Mobile relay

	Spectral efficiency
	Medium
	High (for inband relay)

	Signalling overhead
	High 
	Low

	Latency
	Low 
	Medium (For Alt. 2 or 3)/high (For alt. 1)

	Multi-RAT support 
	Not good
	good

	Doppler Mitigation
	Large
	No (for UE)

	Penetration loss avoidance
	Yes 
	Yes 

	Handover success rate
	Not good
	Good

	Standardization effort and complexity
	No
	Small (Alt. 1)/large (Alt. 2)

	Estimated cost
	Small in Single-RAT scenario

High in multi-RAT scenario
	Medium in both single-RAT and multi-RAT scenarios

	Impact on existing network architecture 
	No impact
	Small (Alt. 1)/medium(Alt. 2)

	Impact on UE energy consumption
	Large 
	Minimized

	SINR improvement
	medium
	Large

	Capacity
	medium
	Large

	Coverage
	No significant difference 
	No significant difference

	Security
	good
	good

	Backhaul link stability
	No significant difference 
	No significant difference


Proposal 2: RAN3 is kindly requested to consider the above table of performance comparison between mobile relay and existing solutions.
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