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1   Introduction
A solution for mobile relays in high speed trains, which reuses the Rel-10 relay architecture, was introduced in [1]. In this solution it was proposed to use two Rel-10 relay entities in a single mobile relay device, as shown in Figure 1 below. These two entities act as two separate relays attach to two adjacent DeNBs, and thereby enable the handoff of UEs served by the mobile RN from one DeNB to the other. In this contribution, we analyze the detailed procedures required to support this solution, from the perspective of the network, RN, and UEs served by the RN.
2   Discussion
It was recognized in [1] that the RN consists of two parts: a RN UE, and a RN cell, and that the mobility of the Mobile Relay is in fact mobility of the UEs served by the RN. On the other hand, the UEs served by the RN are connected to the RN cell. Therefore, by employing two RN_UEs in a single mobile relay device, it is possible to separate the mobility of the Mobile Relay from the mobility of the UEs served by the RN. 
There are several advantages to this approach, chief among these are:

· Improve the stability and robustness of the Mobile Relay’s backhaul connection, through additional Un interfaces.
· Load sharing across the two Un interfaces. As analyzed in [2] a single high speed train is expected to require ~ 65Mbps of throughput for its backhaul link. The closer the Mobile Relay is to the DeNB’s cell edge, the harder it becomes to support this load by a single DeNB.
· As discussed in [1] the Rel.10 RN system architecture can be reused, with a minimum of changes.
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Figure1: Illustration of Alt -2 Relay architecture

In the current Rel. 10 RN architecture, the RN_UE’s SGW/PGW is integrated within the DeNB. In order to reuse the Rel. 10 RN architecture, RN_UE2 attaches to DeNB2, RN_Cell2 is configured as a new cell on eNB2, the traffic flows served by the RN_Cell1 are transferred from DeNB1 to RN_Cell2 on DeNB2, and then RN_UE1 detaches from DeNB1 and any network interfaces (S1/X2) associated with RN_Cell1 are released. 
Figure 2 illustrates the connectivity and network interfaces during the transition. Here RN_UE2 is connected to DeNB2, while the Un connection between RN_UE1 and DeNB1 is still maintained. The data flows and UE context for user UE2, have been transferred to DeNB2. While user UE1 is still served via DeNB1. As the Mobile Relay continues to move towards DeNB2, the data flows and context for UE 1 will also be transferred to Donor eNB2. Once the data flows for all RN connected users have been transferred to Donor eNB2, RN_UE1 can be detached from DeNB1, and the network interfaces (S1 or X2) for RN_Cell1 can be released.
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Figure2: Illustration of Mobile Relay using dual Rel.10 RN architecture 
Thus the complete handoff of RN traffic from DeNB1 to DeNB2 involves three steps:
1. Attach RN_UE2, and setup corresponding bearers to the SGW/PGW function in DeNB2. Configure the ECGI for RN_Cell2 to correspond to DeNB2, and establish S1 and possibly X2 interfaces for the RN_Cell2.

2. Transfer bearer path and context of UEs served by the Mobile Relay, from DeNB1/RN_UE1 to DeNB2/RN_UE2. This may correspond to a HO of UE from RN_Cell1 to RN_Cell2, or may only involve a path switch.

3. Detach of RN_UE1 from the SGW/PGW function in DeNB21, and release its bearers. Release S1/X2 interfaces for RN_Cell1. 
In the following sections we will study the options and message flows for each of these 3 steps. 
2.1   Step 1: Attach of RN_UE2 to DeNB2
The purpose of this step is to establish a context for RN_UE2 at DeNB2 and the MME -RN, and activate E-RAB bearers to the SGW/PGW function in DeNB2. Once these actions have been accomplished, and a connection has been established between RN_UE2 and DeNB2, the OAM can configure the RN_Cell as a new cell of DeNB2, and S1/X2 connections can be configured for the RN_Cell2 through eNB2.
In the following we define two possible methods to achieve the attachment to DeNB2:
Method 1: Direct attach to DeNB2
This approach fully reuses the attach procedure for a Rel. 10 RN. It is assumed that phase I has already been completed, and so only phase II of the attach is repeated for each new DeNB [3]. In the Rel. 10 RN attach, the DeNB provides the IP address of its embedded S-GW/P-GW function to the RN’s MME, this procedure can only proceed once RN_UE2 can establish a RRC connection with DeNB2. Therefore, in this approach, the attach is triggered once the Mobile Relay enters into suitable radio coverage of DeNB2. 
Note that during the attach procedure, the connection of RN_UE1 to DeNB1 is maintained. Thus RN_UE2 attach, plus the transfer of UE traffic from RN-UE1 to RN_UE2 should occur while the Mobile Relay is within the region of coverage overlap between the two donor eNBs. Figure 3 below illustrates the message flow for this method. 
[image: image1.jpg]



Figure3: Message flow, direct attach of RN_UE2 to DeNB2 
Method 2: Indirect attach to DeNB2
In this approach RN_UE2 attaches to DeNB2 before entering into its coverage. The procedure is a slight modification of the Rel.10  phase II RN attach procedure. The message flow for this approach is illustrated in Figure 4 below. The first stage follows the same procedure as a Rel.10 phase II attach to DeNB1, except that DeNB1 provides the IP address of the S-GW/P-GW function embedded in DeNB2 to the RN’s MME. It is assumed that this IP address is provided during the X2 setup procedure between DeNB1 & DeNB2, or by OAM. Note that in this attach procedure, RN_UE2 is connected via DeNB1, and hence the attach can be executed well before entering the coverage of DeNB2.
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Figure4: Message flow, indirect attach of RN_UE2 to DeNB2
The next phase of the procedure consists of a handoff of RN_UE2 to DeNB2. It is FFS if a measurement report from RN_UE2 is needed to trigger this HO event, or if DeNB1 can trigger this HO event autonomously (e.g. based on knowledge of the train’s location and speed, etc.) As a result of this HO, RN_UE2’s context and corresponding E-RABs are transferred to DeNB2. RN_UE2’s RRC connection is also established with DeNB2. Note that at this time, RN_UE2 is operating as a regular UE. In other words, the Mobile Relay has not yet been configured as a cell of DeNB2, nor have S1 and X2 interface connections been setup through RN_UE2 to RN_Cell2. Finally, the RN_Cell2 is configured as a cell of DeNB2, and S1 and X2 interfaces are configured, as defined by OAM.

The indirect attach (method 2) may provide more flexibility in terms of timing of the RN_UE2’s attach. Although the overall duration will be longer than for the direct attach (method 1), the Mobile Relay does not need to be within the coverage of DeNB2 to initiate the attach procedure. 
Proposal1:  RAN3 should study the requirements to both direct and indirect methods for the attach of RN_UE2 to DeNB2, and decide if any enhancements to existing interfaces are needed to support either method.
2.2   Step 2: Transfer of UE bearers from RN_UE1 to RN_UE2

As defined in [1] there are two possible solutions for the Mobile Relay cell. In the first solution, RN_Cell2 is configured with a different ECGI and PCI than for RN_Cell1. In this case RN_Cell2 appears to the UE to be a different call than RN_Cell1, and a HO should be executed to transfer the UE from RN_Cell1 to RN_Cell2. 

In the second solution, RN_Cell2 is assigned a different ECGI that RN_Cell1. Thus from the network’s perspective, RN_Cell1 and RN_Cell2 are different cells. However, from the UE’s perpective, there is single RN cell identified by its PCI. In this solution, the UE’s bearers are transferred from RN_Cell1 to RN_Cell2 only from the perspective of the CN by using a path switch mechanism. This process is transparent to the UE, and no HO is experienced by the UE itself. The following section illustrates the message flows for each of these two approaches:

Method 1: UE Connection Transfer with UE HO
In this approach an independent cell RN_Cell2 is defined to correspond to RN_UE2. This cell would characterized by a separate PCI from RN_Cell1. To the network RN_Cell1 appears as a cell of DeNB1 and RN_Cell2 appears as a cell of DeNB2. UEs served by RN_Cell1distinguish RN_Cell2 as a separate cell, and execute a normal UE handoff between the two cells. Note that as both RN cells are in the same device, therefore there is no need to define an X2 interface between RN_Cell1 and RN_Cell2, proxied through their respective DeNBs. However, it may be desirable to establish an X2 connection from RN_Cell2 to DeNB1 (proxied by DeNB2) to enable the routing of data packets that have not been already delivered from DeNB1 to RN_Cell1. It is FFS to determine if UE measurements are useful to aid in these handoffs. Figure 5 illustrates the message flow for this case.
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Figure5: Message flow, UE connection with UE HO
Method 2: UE transparent RN Handoff
In this approach there is a single RN_Cell with a single PCI from the UE’s perspective. To the network the RN_Cell appears as two separate logical cells, with two separate ECGIs. In this case the connection transfer is executed with a path switch between the RN cells. However, the connection transfer is transparent to the UEs served by the RN, and they perceive no HO event. Figure 6 illustrates the message flow for this case.
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Figure 6: Message flow, UE connection with UE Transparent RN HO
Observation2:  Existing handoff procedures can be used to transfer the UE’s connections between RN_UEs.
2.3   Step 3: Detach of RN_UE1 from DeNB1
After all UE traffic flows have been transferred from RN_UE1 to RN_UE2, RN_UE1 can be detached from DeNB1. This follows the RN detach procedure for Rel. 10 UEs as defined in TS 36.300 [3]. This procedure is illustrated in Figure 7 for completeness.
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Figure 7: Detach of RN_UE1 from DeNB1

Observation3:  The existing Rel. 10 detach procedure can be reused to detach RN_UE1 from DeNB1.
3   Conclusion

In this contribution, we analyzed the mobile relay solution based on reusing the Alt-2 relay architecture adopted in Rel. 10 for static relays. In the proposed solution we utilize a dual Mobile Relay architecture, with 2 RN entities implemented in a single relay device. We presented detailed procedures for attaching the Mobile Relay to the target DeNB, transferring UE traffic flows to thru the target DeNB, and then releasing the Mobile Relay from the source DeNB.
We make the following proposal and observations:
Proposal1:  RAN3 should study the requirements to both direct and indirect methods for the attach of RN_UE2 to DeNB2, and decide if any enhancements to existing interfaces are needed to support either method.
Observation2:  Existing handoff procedures can be used to transfer the UE’s connections between RN_UEs.
Observation3:  The existing Rel. 10 detach procedure can be reused to detach RN_UE1 from DeNB1.
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