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Discussion and Decision
1
Introduction
During the discussion of the RAN3#74 [1], a comparison metrics was proposed to address the different aspects for mobile relay solution. There are several comparisons among relay alternatives discussed in the previous meeting [1]. However, the comparison among mobile relay architecture options in [2] is not comprehensive. A number of technical details relative to the mobile relay architectures and existing solutions for the high speed train scenario are required to be further explored and discussed. Meanwhile, in RAN3#74bis meeting, two existing solutions are included in TR 36.416 [3]. However, there is one existing solution in the market today [4], which is “mobile wireless backhaul”, not included in TR 36.416 [3]. Based on our analysis, it is found that the “mobile wireless backhaul” solution has many advantages comparing with two existing solutions.
Comprehensive discussion on the mobile relay architecture options are provided in another companion paper in [5]. In this contribution, we describe all possible solutions (existing and under-study) for the high speed train scenario and provide a comprehensive analysis on two existing solutions in TR 36.416, plus the “mobile wireless backhaul” solution, and all relay alternatives [5].
2
Discussion
2.1 
The existing solution in TR

There are two existing solutions in [3]: Dedicated eNBs and Dedicated eNB + L1 repeater:
(1). Dedicated eNB:

To optimize coverage along the train line, operators deploy dedicated base stations and/or backhaul to cover 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 by these dedicated base stations.

To reduce UE handover failure rate, the main points are to extend the cell coverage and to increase the handover duration, which means to increase the overlap area. Some network parameters may also be optimized, e.g. in order to improve the cell selection/reselection procedure of idle mode UEs. Different solutions can be used.

A particular type of deployment can involve transmission points with high and low power, i.e. HetNet deployment. When targeting fast-moving vehicles, it could be appropriate to deploy high-power nodes together with low-power nodes. In order to reduce the signalling load due to frequent handovers, the high-power nodes with large coverage areas can be configured as the serving node. Low-power nodes can be added in order to improve capacity and to provide high data rates. Depending on the actual network setup, different approaches could be possible, such as:

With Carrier Aggregation (CA) – The primary component carrier (PCC) can be transmitted by the high-power node, whereas the secondary component carrier (SCC) can be transmitted by the low-power node. Cross-carrier scheduling from the PCC can reduce the signalling load due to handovers of the SCC. Without CA – A macro eNB (high-power transmission point) can be extended by low-power transmission points such as remote radio units (RRUs). When sharing the same cell ID, the closest RRU can serve the train without the need for handovers between RRUs belonging to the same macro cell.

(2). Dedicated eNB+L1 repeater:

L1 repeaters amplify and forward signals in a certain frequency band. If the TX and the RX antennas are sufficiently isolated (i.e. inside vs. outside the train), repeaters can transmit the amplified signal on the same frequency as the received signal. Since repeaters do not re-generate the received signal, they are particularly useful when deployed at positions with advantageous SINR, while SINR cannot be improved by L1 repeaters since both noise and desired signal are amplified and forwarded by the L1 repeater. On the basis of optimized deployment of dedicated macro base stations along the railway, L1 repeaters can be deployed on the train to overcome the penetration loss through walls and windows. Being connected through a L1 repeater, UEs can reduce their transmit power, thereby increasing battery life.
2.2 
The existing solution in the market today, but not in the TR

Meanwhile, another existing solution in the market for covering high speed rail is “mobile wireless backhaul” [4]. In this solution, a LTE-UE-like device is equipped in the high speed train to provide the wireless backhaul connected to the core network. The antenna of the device is mounted outside the high speed train for solving the heavy penetration loss caused by the train body. Multi-RAT can be supported by installing multiple BSs with different RATs and connecting to the LTE-UE-like device. Virtual private network (VPN) may be used for connecting the BSs to the corresponding core network. When the train moves across cell boundary, only the LTE-UE-like device in the train performs LTE handover, user devices on the train are not aware of the handover. Therefore, group mobility issue can be avoided. Because only one LTE network is deployed as the mobile wireless backhaul, the deployment cost can be shared by operators. Comparing with the scenario that every operator deploys their own mobile relays and wireless backhaul network, the utilization rate of deployed devices can be increased.
2.3 
Relay alternatives
Furthermore, the fixed RN architecture alternatives which have been captured in the [2], also shares the evolution consideration on the different architectures for mobile relay solutions. Based on the previous discussion and [5], there are four possible mobile relay candidate architectures illustrated in the Figure 1.
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Figure 1: The mobile relay architecture option: Alternative 1, 2, 2 + MIP, and 4
Alt.2 +MIP is based on the Alt.2 relay architecture with the Mobile IP (MIP)/ Proxy MIP (PMIP). MIP/PMIP can improve the performance of Alt.2 in the high speed train scenario as illustrated in [5]. The evaluation of each performance criteria in [3] is described as follows sessions.
3
Analysis of performance criteria
3.1 


Spectral efficiency
As mentioned in [6], the high penetration loss of the train carriage improves the spectral efficiency and system throughput for the inband relay. All the mobile relay alternatives can utilize this advantage to provide isolation between the transmitter and receiver at the mobile relay. The mobile relay, the Dedicated eNB with L1 repeater and the mobile wireless backhaul solution can provide better performance than other existing solutions.

3.2 


Signaling overhead and latency
As we proposed in [5], the paper analyses the signalling procedure and latency for both the handover and data transimmision. From the assessment in [5], it can be observed that Alt.2+ MIP holds advantages in signalling procedure and handover latency compared with other solutions. For Dedicated eNB and Dedicated eNB+L1 repeater solutions, signaling overhead is high due to handover procedures are required for all connected UEs. Because the group handover is carried out by LTE-UE-like device without affecting UEs in the high speed train, the mobile wireless backhaul solution has low signaling overhead and latency during handover.
3.3 


Multi-RAT support
The Multi-RAT support is considered to reduce the effort to optimize the deployment for the high speed train scenario. Two existing solutions in [3] support multi-RAT, but base stations for each RAT need to be deployed along the rail, which incurs higher costs. Whereas the mobile relay and mobile wireless backhaul solution can support the Multi-RAT solution with lower costs. 
Meanwhile, the mobile relay in all alternatives could support traffic from various 2G/3G/4G mobile devices of different RATs through the LTE Un interface. As mentioned in [7], the P-GW/S-GW serving mobile relay has to associate different 2G/3G traffic with corresponding RAT backhaul links in the Alt.1. A new packet filtering rules is needed. Furthermore, in [8], the transmission through the RN’s P/S-GW introduces latency for the 2G/3G users for the Alt.1. For Alt.2, Alt.2+MIP and Alt.4, the DeNB has to route 2G/3G traffic from different RATs into its backhaul link, respectively. Some upgrade in the DeNB to provide new interface for routing is required to support multi-RAT. 
3.4 


Doppler Mitigation and Penetration loss avoidance
Doppler mitigation and penetration loss avoidance is loosely coupled with the relay architecture. All mobile relay alternatives, the mobile wireless backhaul solution could enhance its RF to mitigate the Doppler effects and avoid the penetration loss. It is difficult for the Dedicated eNB +L1 repeater solution to perform Doppler mitigation, the penetration loss can be effectively mitigated by L1 repeater. Finally, the Dedicated eNB with CA cannot be enhanced to mitigate Doppler mitigation and penetration loss avoidance.
3.5 


Handover success rate
Mobile relay alternative options and the mobile wireless backhaul solution could provide group handover to its UEs, which results in better handover success rate than the Dedicated eNB and Dedicated eNB +L1 repeater solutions. In [5], it has been specified that, the Alt.2+MIP provides least handover latency. In the high speed train scenario, the Alt.2+MIP utilizes less time to finish handover procedure, which increases the handover successful rate when the handover frequency is high. 

3.6 

Potential impacts on specifications, existing network architecture
Existing solutions has zero impact to specifications. The Alt.2 reuses most features of existing relay architecture of the fixed relay to support the mobile relay system. The Alt.2+MIP simplifies the handover signalling procedure by re-routing the UE traffic at IP network layer with MIP. Both alternatives mentioned above reuse the Rel-10 RN architecture that has least impact to the specification and existing network architecture. 
The impact to the Alt.1 is medium. According to paper [9], a new mapping rule of DSCP or enhancing SDF is necessary to route the LTE traffic, which introduces the impact of MME and RN’s P/S-GW. Similarly, take the Multi-RAT support into account, the new packet filtering rules has to be adopted in RN’s P/S-GW to route the 2G or 3G traffic into different RAT, correspondingly. Meanwhile, the load of core network call control signaling is high for admission control, especially update requests for GBR value in the Un interface.
The Alt.4 for the mobile relay scenario will have some impact on the RRC layer. But the Alt.4 has similar architecture with the Rel-10 relay, which makes the impact to the Alt.4 to be medium.
3.7 
Estimated cost

The mobile relay compensates the RF problems and also provides multi-operator solution for Multi-RAT support as mentioned above to reduce the cost, which has lower cost than the existing solutions. Meanwhile the OPEX and CAPEX are similarly among relay alternatives. 
3.8 

Impact on UE energy consumption
Because no handover is required for all the mobile relay alternative options and mobile wireless backhaul solution, the energy consumption for UEs is reduced. Meanwhile, Dedicated eNB+L1 repeater solution has lower impact on UE energy consumption. The distance between L1 repeater and UE is smaller than that of Dedicated eNB solution, 
3.9

SINR improvement
Mobile relay can encode and decode signals to alleviate errors caused by interference and noise. All relay alternatives have similar SINR performance. Also, all mobile relay alternative options, Dedicated eNB+L1 repeater, and the mobile wireless backhaul can provide better SINR than Dedicated eNB solution.
3.10 

Capacity and Coverage
The Alt.1 utilizes concatenated IP/GTP headers which increases the overhead in the backhaul link and provides less capacity in the Un interface than other mobile relay alternative options. Because the mobile wireless backhaul of, Alt.2, and Alt.2+MIP use double IP header in the Un interface, the capacity is medium. However, the Alt.4 eliminates the IP header in the Un interface which enhances the capacity. Thus, Alt.4 has higher capacity than other relay alternatives.

Meanwhile, the performance relative to coverage does not depend on the relay architecture. In general, the coverage within the high speed train is similar among all relay architecture alternatives and the mobile wireless backhaul. 
3.11 

Security
All relay alternatives and the existing solutions do not modify the Rel-10 security architecture. All relay alternatives and the Dedicated solutions and mobile wireless backhaul have similar performance in the security.
3.12 

Backhaul link stability
Dedicated eNB and Dedicated eNB+L1 repeater solution have no wireless backhaul, so the backhaul link stability is high. The mobile wireless backhaul and the mobile relay utilize the wireless backhaul for transporting UE traffic, so the performance is lower than the existing solutions. Meanwhile, for Alt.2 or Alt.4, the mobile relay establishes new bearers in the Un interface for achieving path switch to the target DeNB. Hence, Alt.2 and Alt.4 have lower backhaul link stability than other relay alternatives.
4.
Comparison
In Table 1, two existing solutions in [3], the proposed existing “mobile wireless backhaul” solution and possible mobile relay alternative options are compared. Based on above analysis, the comparison result is summarized in the follow table.
Table 1: comparison metrics among the existing solutions and the mobile wireless backhaul (part 1)
	
	Dedicated eNB
	Dedicated eNB + L1 repeater
	Mobile Wireless Backhaul

	Spectral efficiency (bps/s/Hz)
	Low(due to shielding)
	High
	High

	Signalling overhead
	High (each UE should perform HO)
	High (each UE should perform HO)
	Medium (only one UE performing HO)

	Latency (RAN only)
	Low
	Low 
	Low

	Multi-RAT support 
	Yes (dedicated eNB for each RAT)
	Yes (Dedicated eNB+repeater for each RAT)
	Yes (One eNB per RAT within a train)

	Doppler Mitigation
	No
	Yes. Some marginal gains could be obtained.
	Yes. Special enhancement can be deployed

	Penetration loss avoidance
	No
	Yes
	Yes

	Handover success rate
	Low
	Medium
	High

	Standardization effort and complexity (Rel-10 is baseline)
	No
	No
	No

	Estimated cost (CAPEX&OPEX)
	High
	Low
	Lowest

	Impact on existing network architecture 
	No
	No
	No

	Impact on existing relay architecture
	No
	No
	No

	Impact on UE energy consumption
	High
	Medium
	Low

	SINR improvement
	Low
	High
	High

	Capacity 
	Low
	Low, no more capacity could be obtained through repeater
	Medium

	Coverage
	High
	Medium
	High

	Security
	High
	High
	High

	Backhaul link stability
	High
	High
	Medium


Table 1: comparison metrics among architecture options of mobile relay (part 2)
	Metric
	Alt.1
	Alt.2
	Alt.2+ MIP
	Alt.4

	Spectral efficiency
	High
	High
	High
	High

	Signalling overhead
	Medium
	High
	Low 
	High

	Latency
	Medium (HO)

Low (Transmission)
	Higher (HO)
Low (Transmission)
	Low (HO)

Low (Transmission)
	High(HO)

Low (Transmission)

	Multi-RAT support 
	Yes.

Complicated
	Yes.


	Yes


	Yes

More Complicated

	Doppler Mitigation
	Yes. 
	Yes. 
	Yes. 
	Yes. 

	Penetration loss avoidance
	Yes. 
	Yes. 
	Yes. 
	Yes. 

	Handover success rate
	High
	High
	High
	High

	Standardization effort and complexity 
(Rel-10 is baseline)
	Medium
	Low
	Low


	Medium 

	Estimated cost (Capex&Opex)
	Low
	Low
	Low
	Low

	Impact on existing network architecture 
	Yes
	No
	No
	Yes

	Impact on UE energy consumption
	Low
	Low
	Low
	Low

	SINR improvement
	High
	High
	High
	High

	Capacity
	Medium
· Higher U-plane header overhead in Un
	 Medium
	 Medium
	High
· Least U-plane header overhead in Un

	Coverage
	High
	High
	High
	High

	Security
	High
	High
	High
	High

	Backhaul link stability
	Medium
	Low
	Medium
	Low


According to Table 1, the mobile wireless backhaul has many advantages compared to two existing solutions that are already included in [3]. The mobile wireless backhaul solution has lowest signalling overhead, highest handover success rate, and lowest maintenance cost among three existing solutions. Meanwhile, it has no impact to standard and existing relay architecture. In addition, the Alt.2+MIP requires less signalling overhead and handover latency, which is the best relay alternative option in the overall performance. Furthermore, the relay architecture of Alt.2+MIP reuses the Rel-10 fix relay architecture and addresses relay mobility issues at IP network layer, which provides least impacts to relay standard and products (same RN product for fixed and mobile relay because the mobility has been resolved by MIP network routing configurations at the IP layer). Note that as mentioned above, Alt.2+MIP reuses fix relay products for mobile relay and introduces least complexity. The summary as illustrated in the Table 1 is shown as follows.
Table 2: Summary of comparison among different schemes
	Metric
	Dedicated eNB
	Dedicated eNB + L1 repeater
	Mobile Wireless Backhaul
	Alt.1
	Alt.2
	Alt.2 + MIP
	Alt.4

	Spectral efficiency
	Low
	High
	High
	High
	High
	High
	High

	Signalling overhead
	High
	High
	Medium
	Medium
	High
	Low
	High

	Latency
	Low
	Low
	Low
	Medium (HO)

Low

(U-plane)
	Higher (HO)

Low
(U- plane)
	Low
(HO)

Low
(U-plane)
	High
(HO)

Low
(U-plane)

	Multi-RAT support 
	Yes
	Yes
	Yes
	Yes.
	Yes.
	Yes
	Yes

	Doppler Mitigation
	No
	Yes.
	Yes.
	Yes.
	Yes.
	Yes.
	Yes.

	Penetration loss avoidance
	No
	Yes
	Yes
	Yes.
	Yes.
	Yes.
	Yes.

	Handover success rate
	Low
	Medium
	High
	High
	High
	High
	High

	Standardization effort and complexity (Rel-10 is baseline)
	No
	No
	No
	Medium
	Low
	Low


	Medium

	Estimated cost (Capex&Opex)
	High
	Low
	Lowest
	Low
	Low
	Low
	Low

	Impact on existing network architecture 
	No
	No
	No
	Yes
	No
	No
	Yes

	Impact on UE energy consumption
	High
	Medium
	Low
	Low
	Low
	Low
	Low

	SINR improvement
	High
	Medium
	Low
	High
	High
	High
	High

	Capacity
	Low
	High
	Medium
	Medium
	Medium
	Medium
	High

	Coverage
	High
	Medium
	High
	High
	High
	High
	High

	Security
	High
	High
	High
	High
	High
	High
	High

	Backhaul link stability
	High
	High
	Medium
	Medium
	Low
	Medium
	Low


5


Conclusions
This paper discussed the comparison between the mobile relay architecture options and existing solutions. In order to have a comprehensive view when comparing existing solutions with mobile relay solutions, it is kindly to ask RAN3 to agree on following proposals:
Proposal 1: It is proposed to consider the mobile wireless backhaul as third existing solution for the high speed train scenario and include it in the TR 36.416.
Proposal 2: It is proposed to reuse the existing Rel-10 relay architecture with MIP enhancements (Alt.2+MIP) as the baseline for the mobile relay solution.
Proposal 3: It is proposed to include Table 1 in TR 36.416.
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