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1. Introduction
Alt.2+PMIP solution is already proposed in [1] to be an architecture option for mobile relay scenario. In [2], another alternative for mobile relay also proposed to have S5 interface between initial DeNB and target DeNB, and relocate SGW of mobile relay to target DeNB during the handover of mobile relay. Based on the analysis of [2] and [3], some benefits are identified if S5/S8 interface is used between initial DeNB and target DeNB. This contribution discusses the details of the Alt.2 with Relay GW and PGW collocated with initial DeNB solution for mobile relay scenario.
2. Discussion
  The architecture option for Alt.2 with Relay GW and PGW collocated with initial DeNB solution for mobile relay scenario is shown in Figure 1 below with the following properties:
· Existing Alt.2 relay architecture [4] is reused with S5/S8 interface, there is no standard impact.
· The PGW of the mobile relay and Relay GW is located in the initial DeNB where the mobile relay attaches for normal operation. When the mobile relay handovers to another DeNB, it still uses the PGW of the mobile relay and Relay GW collocated in the initial DeNB; the SGW of the mobile relay is relocated to the target DeNB.

· S5/S8 interface of the mobile relay is between initial DeNB and target DeNB.

· S1-U interface for UE served by the mobile relay is between the mobiel relay and Relay GW (of the initial DeNB) and between the Relay GW and the SGW of the UE.

· S1-MME interface for UE served by the mobile relay is between the mobile relay and Relay GW (of the initial DeNB) and between the Relay GW and the MME of the UE.

· After handover, UL S1-U and S1-MME packets of a UE served by the mobile relay are sent on the user plane EPS bearers of the mobile relay from the mobile relay to the SGW of the mobile relay and eNB collocated in the target DeNB, then to the PGW of the mobile relay and Relay GW collocated in the initial DeNB.

· No UE context needs to be transferred during mobile relay handover.

· Because PGW of the mobile relay is not changed during mobile relay handover, IP address of the mobile relay is not needed to change. The relocation or redirection of PGW of the mobile relay and Relay GW is not needed. However, the Relay GW/PGW of the mobile relay may be changed for route optimization purpose [5], which is FFS.

· Roaming support for seamless mobility of the mobile relay can be supported due to the S8 interface between initial DeNB and target DeNB [3]. 

· UE PDN connection and mobile relay PDN connection are preserved during handover of the mobile relay. 
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Figure 1. Architecture of Alt.2 with Relay GW and PGW collocated with initial DeNB solution
According to TS23.401 [6], there are two protocol options on S5/S8 interface. 
1. Option 1: PMIP is selected on S5/S8

2. Option 2: GTP is selected on S5/S8

Therefore, there are also two options that can be applied to S5/S8 interface between initial DeNB and target DeNB in Alt.2 with Relay GW and PGW collocated with initial DeNB solution. Discussion of these two options are given as follows: 

2.1 Option 1 for Alt.2 with Relay GW and PGW collocated with initial DeNB solution:
Procotol stack

Figure 2 shows the control plane protocol stack for option 1. Because the Relay GW is located in the initial DeNB, S1AP/SCTP/IP connections between mobile relay and initial DeNB are transparent to target DeNB. GRE tunnels are created between LMA (i.e. PGW of the mobile relay)) and MAG (i.e. SGW of the mobile relay). Figure 3 shows the user plane protocol stack. GTP/UDP/IP connections between mobile relay and initial DeNB are transparent to target DeNB. Figure 4 shows the control plane protocol stack for S5/S8 interface between initial DeNB and target DeNB. 
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Figure 2. Control plane protocol stack for Alt.2 with Relay GW and PGW collocated with initial DeNB solution (option 1)
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Figure 3. User plane protocol stack for Alt.2 with Relay GW and PGW collocated with initial DeNB solution (option 1)
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Figure 4. Control plane protocol stack for S5/S8 interface between initial DeNB and target DeNB (option 1)
Mobility procedure

Figure 5 shows the mobile relay inter-DeNB mobility procedure under Alt.2 with Relay GW and PGW collocated with initial DeNB solution (option 1). The HO procedure is enhanced by PMIP operations, e.g. the proxy binding update (PBU)/proxy binding acknowledgement (PBA) between the LMA (Initial DeNB) and the MAG (Target DeNB). The path switch for UEs is unnecessary in Alt.2 with Relay GW and PGW collocated with initial DeNB solution (option 1), since the LMA keeps the mobile relay’s P-GW unchanged during mobility.
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Figure 5. Mobile relay mobility procedure for Alt.2 with Relay GW and PGW collocated with initial DeNB solution (option 1)
2.2 Option 2 for Alt.2 with Relay GW and PGW collocated with initial DeNB solution:

Protocol stack

Figure 6 shows the control plane protocol stack for option 2. Because the Relay GW is located in the initial DeNB, S1AP/SCTP/IP connections between mobile relay and initial DeNB are transparent to target DeNB. GTP-U tunnels are created between PGW of the mobile relay and SGW of the mobile relay. Figure 7 shows the user plane protocol stack. GTP/UDP/IP connections between mobile relay and initial DeNB are transparent to target DeNB. Figure 8 shows the control plane protocol stack for S5/S8 interface when GTP-U is selected. 
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Figure 6. Control plane protocol stack for Alt.2 with Relay GW and PGW collocated with initial DeNB solution (option 2)
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Figure 7. User plane protocol stack for Alt.2 with Relay GW and PGW collocated with initial DeNB solution (option 2)
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Figure 8. Control plane protocol stack for S5/S8 interface between initial DeNB and target DeNB (option 2)

Mobility procedure

Figure 9 shows the mobile relay inter-DeNB mobility procedure under Alt.2 with Relay GW and PGW collocated with initial DeNB solution (option 2). An S5/S8 Bearer is updated from Source DeNB to Target DeNB during handover. More steps are needed than the procedure in Release 10 since SGW of the mobile relay and PGW of the mobile relay are separated here. However, comparing with the number of users in a normal cell, the number of Mobile relays is very small. It will not bring so much signalling load to network.
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Figure 9. Mobile relay mobility procedure for Alt.2 with Relay GW and PGW collocated with initial DeNB solution (option 2)
3. Conclusions
This contribution discussed the details of Alt.2 with Relay GW and PGW collocated with initial DeNB solution for mobile relay scenario. The properties, protocol stack and mobility procedure are discussed. It is kindly to ask RAN3 to agree on following proposals:
Proposal: It is proposed to include the proposed Alt.2 with Relay GW and PGW collocated with initial DeNB solution for mobile relay scenario in the TR 36.416.
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