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1. Introduction
During last RAN3 meetings, various candidate architectures for mobile relay were present, and initial discussion were carried out [1]~[4]. Meanwhile, as an alternative architecture adequately discussed in Rel-9 [5], “Alt 1 Full-L3 relay” inherently supports RN mobility scenario, and can guarantee IP connectivity when relay node is moving.
In Rel-9, Alt1 relay impact on standardization effect was captured in [5]. The contribution attempts to discuss some key issues when alt1 relay operates as mobile relay, according to what we have discussed in Rel-10 relay. Certainly, some issues listed in section 2 may need to be discussed irrespective of mobile relay architecture. The listed key issue here may or may not bring standardization work. Posing them now might hopefully help the discussion on the mobile relay architectures and future study at subsequent meetings.
2. Discussion
· Mobile relay startup procedure

The start up and RN attach procedure specified for fixed relays may be reconsidered for mobile relay case. For example, in network architecture with Alt1 relay, RN’s PGW and SGW are usually located in EPC, not embedded in DeNB. Moreover, PGW and SGW may be physically separated nodes, not combined. PGW/SGW selection mechanism for mobile relay may differ from that specified in Rel-10. 
· How to select target donor cell
One major advantage of Alt1 is that existing handover procedure defined for UE can be re-used, to the greatest extent, for mobile relay handover. The source and target DeNBs treat the mobile relay as a normal UE. During handover preparation phase, the source DeNB should select a suitable target donor cell in time for mobile relay. Generally speaking, the source DeNB may possibly need to  know which candidate cell is a donor cell, and it permits this mobile relay access. This may bring standardization work or be solved by operator’s preconfiguration. 
Certainly, first of all, RAN3 can consider whether we impose a “donor cell list” restriction on a fast-moving mobile relay with known trajectory, and how to configure and update the cell list if present.
· Relay cell configuration management
Relay cell configuration here includes ECGI, TAI, PCI, radio configuration, etc. They are currently done for the most part by OAM or DeNB. These configurations are set for Rel-10 relays upon start up as static parameters and usually do not change during RN operation. However, it seems probable that the configuration for mobile relay cell may change upon handover to a different DeNB cell. For example, RN ECGI currently depends on the serving Donor’s eNB ID. If the current principle is continued, mobile relay based on Alt1 may change its ECGI frequently, which can increase mobile relay load and may disrupt UE traffic. Decoupling the dependencies might be best.
Similar RN parameter is TAI. Different configuration manners may bring different impact on system performance, based on analysis in [6]. PCI collision may occur when at least one of the PCIs of the mobile relay is also used by any neighbour eNB along the route of the train. Changing the PCI for the mobile relay cell has been identified as an issue because the UEs under the mobile relay cell service will lose their connections and have to re-connect to the mobile relay which may have impact on the service. A standardized solution or proper network planning (e.g. reserve specific PCI for mobile relay) should be discussed and specified to avoid PCI collision.
· Backhaul link stability

Since a mobile relay serves a mass of UEs, special care to the backhaul link stability might be required. Once backhaul link quality gets worse or even broken, UE experience under relay cell may be degraded significantly or even lose connection with network. To improve backhaul link quality, whether there are some RAN1/2 aspects to be worked on might need some discussions in RAN1/2 in the future, e.g. once backhaul link breaks, how mobile relay re-establishes connection with network quickly, in order to minimize impact on UE experience. If we think backhaul link stability is a requirement or a key issue to be studied, RAN1 and RAN2 work may possibly be involved, but not necessary in the SI phase.
· Group mobility

The main property of group mobility is to minimize the system overall signalling cost and improve system performance, compared to processing handovers individually per UE. Alt1 relay can support group mobility simply. Based on analysis in [6], diverse relay cell configuration manners have different impact on group mobility effect. The cell configuration issue needs further analysis when studying group mobility.
· X2 interface connectivity
Currently X2 provides a mobility optimization and enables SON and eICIC enhancements with neighbouring eNBs. When the train is moving, mobile relay may go through many DeNB/eNBs’ coverage area. Due to good radio environment between UEs and mobile relay and well-shield carriages, it seems unlikely UEs are handed over to or reselect an eNB outside the train. In addition, since the mobile relay is expected to be fast moving (e.g., 350 km/hr), it is not clear if the mobile relay will be able to take advantage of  SON and eICIC features since the neighbouring eNBs may be changing quite rapidly. In summary, from our viewpoint, when mobile relays are moving with the train, they do not need to setup X2 interface with (D)eNBs along railway.
When the train stops at the station, the UEs enter/leave the train. For CONNECTED UEs, HO is performed between the mobile relay and the eNBs at the station. Both S1 handover and X2 handover can be used. At a major station, it could be significant number of UEs enter/leave the train, so using X2 handover can greatly reduce the signalling load to CN, and achieve fast handover. However, it can be noted that before the train enters station, the serving MME selected by mobile relay for some UEs may belong to a different MME pool than the MME Pool serving for the station (e.g. some passengers got on train in Beijing Station and left in Shanghai Station). Therefore, even if mobile relays have established X2 interface with eNBs at the station, they can’t perform X2 HO to offload these UEs. Instead, S1 HO is always available, though it is not optimal from signalling load perspective. It is still unclear whether to introduce X2 interface for SON and eICIC between mobile relay and eNBs at train station. The question can be left for future study.
· Area roaming and access restriction

Mobility Restrictions comprises the functions for restrictions to mobility handling of a UE in E-UTRAN access. The Mobility Restriction functionality is provided by the UE, the radio access network and the core network. Concerning some UEs with area roaming and access restriction, if mobile relay cells are configured as access restriction area, the train carriages will become dead spot for these UEs. Whereas, if mobile relay cells are configured as accessible for all UEs, these UEs might be always provided service as long as they are connected to mobile relay. Area roaming and access restriction purpose seems invalid. It may depend on operator’s policy whether to provide service in the above case.
· Charging
At present, operators have adopted a variety of charging policy, e.g. based on location information or the amount of data transmitted in uplink and downlink direction. With regard to location information based charging policy, the MME collects the accurate cell identification information of a specific UE (e.g. ECGI, TAI). It’s not decided whether mobile relay will change the TAI/ECGI or PLMN ID broadcasted in mobile relay cell when it move cross the boundary of tacking areas or different PLMNs. If the TAI/ECGI or PLMN ID broadcasted in mobile relay cell keeps unchanged, it looks like that the movement (including roaming) of UE with mobile relay is completely transparent from the UE network elements. It opens up an interesting question whether the location information based charging can be used in mobile relay scenario, or whether the location information of mobile relay can be taken in to account, e.g. TAI or PLMN ID of mobile relay’s donor cell, since the UE may be close to mobile relay. 
This charging issue may be in SA2 scope, and need to be coordinated between RAN3 and SA2 in the future..
· How to provide integrity protection for S1/X2AP in Un interface
The Un security issue has been fully discussed in Rel-10. NDS/IP and PDCP solutions were analyzed and compared, and finally PDCP based solution was selected finally by SA3. For radio network performance impact, using PDCP protection on Un user plane data is high efficiency, and could support RN mobility simpler as it could be automatically established at handovers [8]. If Alt1 is selected as mobile relay, the Rel-10 decision can be inherited. It should be noted that unlike Rel-10 relay scenario, mapping S1AP/X2AP onto RN EPS bearer is performed by RN PGW, not by DeNB. The DeNB may be unaware which DRB(s) are carrying S1AP/X2AP signalings. Therefore,  how the DeNB activates the right DRB(s) for integrity protection needs to be discussed.
· Relay bearer mapping
Issues on relay bearer mapping were profoundly discussed in Rel-9, and an agreement was reached in [9] that OAM provides the appropriate support to configure a QCI-to-DSCP mapping function at the relay node which is used to control the mapping in uplink of Uu bearer(s) with different QCIs to Un bearer(s).
Two points are identified for further study on mobile relay bearer mapping as follows:
- Extending QCI-to-DSCP mapping functionality to accommodate to multi-RAT QoS parameters (Mobile Relay may support multi-RAT on access link simultaneously);

- Studying how to send bearer mapping configuration to mobile relay’s PGW which takes charge of controlling the mapping in downlink.

RAN3 is appropriate to lead the study on relay bearer mapping and SA2 work may be involved.
3. Conclusion
In this contribution, we provide some considerations on several questions raised related to Alt1 relay operating as mobile relay. According to the analysis above, we present the following proposals：

Proposal 1: RAN3 should note down and attempt to address the questions in section 2 for future work.
Proposal 2: To capture section 2 into section 5.2.2 of TR 36.416.
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