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Introduction
In RAN #53, a new SI “Mobile relay for E-UTRA” was approved to initiate the backhaul design of mobile relays [1]. One of the objectives is to “Identify the target deployment scenarios first”. In this contribution, we first clarify the possible deployment scenarios of mobile relay, then discuss the pros and cons of mobile relays, and finally present the impacts of mobile relay on R10’s relay architecture and signalling procedure. 
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With the rapid development of high speed public transportation, more and more travellers utilize the high speed vehicles, such as trains, for leisure or business travels.  During the transit, the passengers would like to keep contact with the outside world by means of the mobile wireless communication. For example, some passengers prefer to check emails or have conference calls whereas some passengers expect to watch TV/news, play interactive games, and so on. 
On the other hand, the communication quality on the high speed vehicles today is far from satisfactory. Firstly, due to the Doppler impact in high speed environment, the channel condition is worse, which leads to the degraded data rate and even radio link failure. Secondly, a large group of UEs may require handover simultaneously. The handover success rate may be greatly reduced because of limited time for measurement and signalling congestion. Finally, the continuous measurements in both active and idle mode make the UE run out of energy quickly. 
Confronting with the poor user experience, how to offer high-quality wireless communications services to the passengers is an important and challenging issue for consideration by operators and telecom equipment manufacturers. One of the possible solutions is to employ the mobile relay. The concept of mobile relay is proposed in relay study item. The basic idea is to install the relay node (RN) in public vehicles to reduce handover and TAU overhead. In the next subsection, we will discuss the deployment scenarios of mobile relay. 
Mobile relay deployment scenarios
The typical mobile relay deployment scenario is illustrated in Fig. 1. The RN is placed on top of the high speed vehicle, e.g. train or bus. When the vehicle moves, the RN moves together with the vehicle and the UEs within it. It is assumed that the power supply for RN is unlimited. The RN node provides coverage for UEs inside the vehicle. The RN communicates with the UEs and DeNB, which are deployed along the moving trace of the high speed vehicle. Contrary to the RN, the DeNB is stationary. When the vehicle moves, the RN needs to measure the neighboring DeNBs and perform handover between the DeNBs in case of necessary. In this way, the frequent handovers of a group of UEs are replaced by the handover of individual RN.
The mobile relay can be deployed as in-band relay or out-band relay. However, since the wireless backhaul between RN and DeNB has to forward both the user-plane and control-plane traffic of a group of UEs, it is likely to be the bandwidth bottleneck. What is worse, the Doppler shift greatly impacts the wireless backhaul since RN is in high speed. Compared to in-band relay, the out-band mobile relay is more suitable for deployment. It is recommend to discuss and clarify whether the in-band or out-band mobile relay shall be deployed.
       Proposal1: RAN3 is recommended to discuss and clarify whether the in-band or out-band mobile relay shall be employed in mobile relay deployment scenarios.



Fig. 1 Scenarios for mobile relay
Pros and Cons of mobile relay
As we can see, mobile relay is a good candidate to provide high-quality wireless communications services in high speed vehicles. To be specific, it has the following Pros and Cons:
Pros:
· Higher data rate: the UE and the RN are relatively stationary, the channel condition between UE and the RN is no longer impacted by the Doppler shift, and thus higher data rate can be achieved for UE.
· Power efficiency: the UE keeps communication with relatively close RN, the measurements of the neighboring eNB in both idle and active mode can be greatly reduced, also the transmission power of UE can be reduced, which lead to the longer battery life UE. 
· Reduced signaling overhead: the frequent handovers of a group of UEs in active mode are replaced by the individual handover of RN. Besides, for idle UE, the potential TAU of a group of UEs could also be replaced by the TAU of RN. Thus, both the handover and TAU related signaling can be greatly reduced. 
· Better quality of service: the drop rate of UE can be greatly reduced with mobile relay and thus the service continuity can be assured. When paging the UE, the UE can be easily located through the mobile RN.
            Cons:
· Architecture/signaling impact: employing the mobile relay impacts the existing relay architecture and signaling procedure. Some assumptions for the RN should be removed or modified, for example, the eNBID of the RN is dependent on the serving DeNB. Both the RN and DeNB may need modifications to support the mobile relay implementation and optimization. The detailed impacts will be discussed in the subsection 2.3.
· Backhaul bottleneck: as stated in Section 2.1, the wireless backhaul between RN and DeNB may become the bottleneck. It should be enhanced to meet the requirement of mobile relay.
Based on the analysis of the pros and cons of mobile relay, the UE communication quality can be greatly improved by the deployment of mobile relay. However, the architecture/signaling impact and backhaul enhancement of mobile relay should be carefully considered and discussed.
         Proposal2: The architecture/signaling impact and backhaul enhancement of mobile relay should be carefully considered and discussed.
Impacts on the relay architecture and signaling procedure
In this subsection, we discuss the problems of the current relay architecture and signaling procedure to support the mobile relay. The detailed descriptions are as follows:
·  RN cell’s ECGI and PCI change
According to R10 specification [2], the RN cell’s ECGIs are configured by RN OAM which consists of the eNB ID and the cell identity parts. The eNB ID part of RN is the same as its serving DeNB. In the mobile relay scenario, when the RN handover between DeNBs, the eNB ID part of the ECGIs of RN’s cells changes with the serving DeNBs. The cell identity part may also need to be changed to avoid collision with the target DeNB’s cells. Similarly, the PCI of the RN cell may collide with the neighboring eNBs along the RN movement trace. To avoid the potential interference, the PCI of RN cell may also need change. 
However, when the PCI and ECGI of RN cells change, a group of active UEs within the high speed vehicle need to perform re-establishment so as to re-connect to the RN cells. For the active UEs, the simultaneous re-establishments of UEs may lead to the random access resource congestion and higher delay. Thus, the service quality of UEs may be influenced.
To solve this problem, one possible approach is network planning. For example, the PCIs and ECGIs specially reserved for the mobile relay are assigned to the RN cells. The RN keep this PCI and ECGI unchanged even when handover between DeNBs. However, the eNB ID of RN becomes different from the serving DeNB. It may impact the current R10 procedures where the DeNB decides whether to forward the S1/X2 signaling based on the ECGI. Another approach is to allow the RN OAM configure new PCIs and ECGIs whenever the RN handovers. The RN may inform the served UE about the change before the new PCIs and ECGIs are employed. The UE can adapt to this change without performing the re-establishment. However, this approach requires the air-interface change.
·  RN’s TAC change
When the RN moves with the high speed vehicle, it is possible that the RN handover to a target DeNB which belongs to different TA. In this case, the RN cell may change its broadcasted TAC in SIB1 to align with that of the DeNB. When UEs camped on the RN cell notices this change and the new TAC is not in its TAC list, all the idle UE camped on this RN cell may initiate the TAU procedures and lead to the TAU storm.
Similar to the RN cell’s PCI and ECGI change, it seems that this problem could be solved by network planning, for example, all the DeNBs along the moving trace of high speed vehicle are configured within the same TA. However, the moving trace may be thousands of kilometers long. The famous high speed rail, Beijing-Shanghai for example, is up to 1318 kilometers and across seven provinces. It brings the complexity and inflexibility for the network planning.
·  RN’s local S-GW/P-GW
The RN’s local S-GW and P-GW are located in the serving DeNB in current relay architecture. In the mobile relay scenario, the serving DeNB of RN changes with the RN’s movement and corresponding handover. The change of serving DeNBs lead to the RN’s P-GW and S-GW change. However, the current specification does not support the P-GW change during the handover procedure.  On the other hand, suppose the RN’s P-GW and S-GW is unchanged and continuously located in the initial serving DeNB1 of RN, as shown in Fig. 2, the DeNB1 has to keep the RN and UE context until the RN leaves the active mode. When RN handover to DeNB2, the data packets for UE needs to be forwarded between the old and new serving DeNBs, which leads to long forwarding delay. 


Fig. 2 RN local GW unchanged scenario
This problem can be resolved by allowing the change of P-GW during the handover of RN. How to support this mechanism needs to be discussed together with the SA. Besides, in [3], four different RN architectures had been proposed and discussed. It is recommended to re-evaluate them and discuss their capability of supporting mobile relay.
·  Signaling procedure for group mobility
One of the benefits of mobile relay is to replace the frequent handovers of a group of UEs by the individual handover of RN. However, to support the group mobility of served UEs, the handover procedure for the RN needs to be tailored for this purpose.  The potential problems are listed as follows:
a) When RN completes the handover from source DeNB to target DeNB, new signaling is necessary for the target DeNB to notify the UE MME/GW so that the UE’s S-GW can correctly forward the data packet. As shown in Fig. 3, when RN handover from DeNB 1 to DeNB2, the UE’s MME/GW should be notified to switch the downlink path to the DeNB2 and then forward the packets correspondingly.


Fig. 3 Downlink path switch for UEs
b) Since the DeNB act as the S1 signaling proxy and is responsible for the mapping of S1AP IDs. When the serving DeNB of RN changes, the new serving DeNB and the MME of UE should update the S1AP IDs correspondingly for the following S1 signaling exchange.
c) Both X2-based and S1-based handover procedure may be used for normal UE. When UE handover, the X2-based handover is used if the X2 connectivity is available between the source and target eNBs and the MME is unchanged in this procedure. The S1-based handover procedure is used when the X2-based handover cannot be used. When it comes to RN handover, the RN may perform X2-based or S1-based handover. Meanwhile, some UEs served by the RN meet the requirement for X2-based handover while others need to perform the S1-based handover. Under this combined handover scenarios, there is no existing signaling procedures for reference. 
In a sum, the current relay architecture and signaling procedure are hard to meet the requirements of mobile relay. The architecture problems should be identified and the signalling procedure should be investigated to support the mobile relay.
Proposal3: Current relay architecture and signalling procedure are hard to meet the requirements of mobile relay. The architecture problems should be identified and the signalling procedure should be investigated to support mobile relay.
Conclusion
In this contribution, the possible deployment scenario of mobile relay is clarified, the pros and cons of mobile relays are discussed, and the impacts of mobile relay on R10’s relay architecture and signalling procedure are presented. Several proposals have been outlined below, providing guidance to the future mobile relay study.
       Proposal1: RAN3 is recommended to discuss and clarify whether the in-band or out-band mobile relay shall be employed in mobile relay deployment scenarios.
       Proposal2: The architecture/signaling impact and backhaul enhancement of mobile relay should be carefully considered and discussed.
Proposal3: Current relay architecture and signalling procedure are hard to meet the requirements of mobile relay. The architecture problems should be identified and the signalling procedure should be investigated to support mobile relay.
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