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1   Introduction
During Rel-10 Relay architecture design, the mobile relay scenario was de-prioritized, i.e. Rel-10 Relay is mainly used for fixed scenario. In Rel-11, as described in TR36.416 [1], the mobile relay SI focuses on the high speed train scenario as the target deployment scenario to study. In this contribution, we try to analyze the possible Mobile Relay solution by reusing the Rel-10 Relay Architecture.
2   Discussion

In Rel-10, the Relay Architecture is designed as shown in Figure below, the DeNB embeds and provides the S-GW/P-GW-like functions needed for the RN operation, and RN’s eNB ID is equal to DeNB’s eNB ID. These two aspects are big challenges to support mobility of the RN. 
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Figure1. Rel-10 Relay Architecture

In order to support mobility, during RAN3#73bis and 74 meetings, there were multiple proposals to re-design/enhance the architecture, including

· Move the RN’s S/PGW outside of DeNB, e.g. introduce new architecture (Alt1 mentioned during Rel-9 Relay SI)
· Further enhanced Rel-10 Relay, e.g. relocate RN’s PGW during HO…
· Rel-10 Relay? (detailed solution is not known)
This section will analyse the last solution, i.e. how to support mobile relay by reusing Rel-10 Relay.
2.1   Reusing Rel-10 Relay Solution
One Rel-10 Relay cannot support mobility, but in case there are two Rel-10 Relay entities in a mobile relay device, as shown in Figure below, these two entities act as two relays attach to two adjacent DeNBs, can provide the similar function as RN handover.
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Figure2. One Mobile Relay Device with two Rel-10 RN entities
In order to figure out whether this solution can satisfy the high speed train scenario, we need to analyse the related procedures and evaluate the performance.
2.1.1   Mobile Relay Mobility
As shown in figure 2, after RN_UE1 connects to DeNB Cell1, all the UEs in the train are served by RN Cell1. 
When the train moves into the coverage of DeNB2 Cell2, RN_UE2 attaches to DeNB2 Cell2, active RN_Cell2.

The mobile relay device HO all the UEs under RN_Cell1 to RN_Cell2, via S1/X2 HO, group HO may also be used to reduce the HO delay and the signaling load, which is elaborated in section 2.1.3  .
After all the UEs are connected to RN_Cell2, the RN_UE1 detaches from DeNB1_Cell1, release S1/X2 connections. If the train keeps moving and reaches DeNB3_Cell3 coverage, RN_UE1 attaches to DeNB3_Cell3, HO all the UEs under RN_Cell2 to RN_Cell1….

These two RN_UEs and RN_Cells work alternatively to support the high speed train scenario.

By using this solution, there is no need to introduce a centralized RN_S/PGW. There is also no need to relocate the RN_S/PGW between DeNB. As there will be a new RN_Cell corresponding to the new DeNB, the ECGI of the RN_Cell can be defined so as to be compatible with the DeNB’s ID. Therefore, there will be no issue in routing traffic to the correct DeNB.

Observation 1: Mobile Relay Scenario can be supported by Rel-10 Relay function, without S/PGW relocation, without centralized RN_S/PGW, while maintaining the correspondence of RN’s ECGI to the eNB ID of the DeNB.
Note: Only Phase II attach is needed during this procedure. 
2.1.2   Mobile Relay Startup procedure

The Rel-10 RN Startup procedure in section4.7.6.3 TS36.300 [2] and section 4.3.20.2.2 TS23.401 [3] could still be used for the mobile relay. 

During phase I, the mobile relay attaches to an eNB and gets the list of DeNB cells and selected PLMN from RN OAM, then detaches from the network as a UE and triggers Phase II. 

During Phase II, the mobile relay attaches to a DeNB selected from the list acquired during Phase I to start relay operations. Setup S1 association with DeNB (This may also apply to X2 association)

Observation 2: Rel-10 RN Startup procedure can be reused without standard impact.
2.1.3   Group Mobility
As described above, when the Mobile Relay Device moves from DeNB1_Cell1 to DeNB2_Cell2, multiple Handovers will be triggered in order to HO the served UEs from RN_Cell1 to RN_Cell2. In high speed train scenario, the HO duration is limited, as an optimization, the group mobility is beneficial to reduce the latency and signaling load.

Observation3: As an optimization, Group Mobility is beneficial to reduce the latency and signaling load, detailed solution is FFS. 
For UE backward compatibility, the X2/S1 HO messages could be further optimized. E.g. multiple UE contexts can be included in an X2/S1 HO message, in this case, RN can Handover all the UEs or part of the served UEs by using a single X2/S1 HO message.  
2.1.4   Bearer Mapping

As all the related procedures for the RN and the UEs served by RN are not changed, the bearer mapping solution of Rel-10 Relay can be reused. 
Observation 4: The bearer mapping solution of Rel-10 Relay can be reused.
2.1.5   Node Impact
Under this solution, except for the Mobile relay node needing to support two Rel-10 RN entities, there is no impact to other nodes, i.e. the DeNB, UE’s MME, UE’s S/PGW, RN’s MME, RN’s S/PGW, neighboring eNBs.
Observation 5: Except for the Mobile relay node needing to support two Rel-10 RN entities, there is no or limited impact to other nodes.
2.1.6   Further enhancement
As a further enhancement, the solution can also be updated to a Mobile Relay Device includes 2 RN-UE entities and one RN-eNB entity. Then the UEs served by the RN need not be aware of the HO. HO related messages are only exchanged between source and target. No HO command is sent to the UEs.
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Figure 3, Optimized Mobile Relay Device

On the other hand, the Rel-10 Relay is designed for fixed relay, the 2-Phase Startup procedure is not designed for a limited attach duration scenario. In order to achieve the performance requirement, further optimization to speed up the RN Phase II attach may be needed, e.g.

· OAM informs RN ECGI under each DeNB cell to the RN in Phase I

· DeNB maintains the S1/X2 configuration to MMEs/neighbor eNBs for the RN 

· Others FFS
Observation 6: These further enhancements are FFS

3   Conclusion
In this contribution, we analyses the Mobile Relay solution by reusing the Rel-10 Relay Architecture, and get observations as below:
Observation 1: Mobile Relay Scenario can be supported by Rel-10 Relay function, without S/PGW relocation, without centralized RN_S/PGW, while maintaining the correspondence of RN’s ECGI to the eNB ID of the DeNB.
Observation 2: Rel-10 RN Startup procedure can be reused without standard impact.
Observation3: As an optimization, Group Mobility is beneficial to reduce the latency and signaling load, detailed solution is FFS. 

Observation 4: The bearer mapping solution of Rel-10 Relay can be reused.
Observation 5: Except for the Mobile relay node needing to support two Rel-10 RN entities, there is no or limited impact to other nodes.
Observation 6: These further enhancements are FFS

Besides these observations, this solution can reuse most of the Rel-10 Relay standard without modification. This is a step by step way from Rel-10 fixed Relay to Rel-11 Mobile Relay, without introducing a new architecture and overwhelming the existing standard. 
Proposal: it is proposed to select the solution of reusing the Rel-10 Relay Architecture as the Mobile Relay Solution, and capture it in TR36.416.
4   Reference

[1] TR 36.416 
[2] TS 36.300

[3] TS 23.401
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