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1   Introduction
In the past few meetings, the issue of PGW relocation for path optimization has been raised when we discussed the options for Mobile Relay architecture [1-2]. If the PGW remains unchanged as the train travels, the transmission delay for UE’s S1-C/U will become longer. Thus it is necessary to take the path optimization into consideration.
This contribution analyses the path optimization of the candidate mobile relay options (Alt.1, Alt.2 and Alt.2 based solutions) and gives a PGW relocation mechanism suitable for Alt. 2 and Alt. 2 based solutions.
2   Discussion
Alt.2-1 has a natural advantage to do PGW relocation. The P/SGW is collocated with the DeNB and changes together with the DeNB every time HO occurs. When the MRN travels into the overlap region of the source DeNB and the target DeNB, the RN-UE2 will attach to the target DeNB and gain a new IP address allocated by the target PGW while the RN-UE1 is still connected with the source DeNB (Figure 1). After the RN-UE2 has established the connection with target DeNB, it will trigger a path switch process to change the DL path of UE data to the target DeNB. The source DeNB continues forwarding the buffered user data to RN-UE1 where these data are directly transferred to RN-Cell. During this HO process, the user service is well maintained, and the data path is optimized.
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Figure 1. PGW relocation for Alt.2-1
Conclusion 1: Alt.2-1 has a natural advantage to do PGW relocation.
But for the other architectures like Alt.1/ Alt.2/Alt.2-2/Alt.2-3, before the PGW is relocated, the length of data path will become longer as the train travels. Thus we can observe two separate situations here. First, if the train has just travelled from the departure station or the PGW has just been relocated. In this situation, the PGW is close to the target DeNB, so the PGW relocation or redirection may not be required. But in another situation, the PGW may be from the target DeNB and the transmission delay is large, or the target DeNB may no longer have IP connectivity with the RN PGW. Then the PGW relocation for path optimization is needed. In the following text, we’ll analyze these two situations successively.
Data transmission without PGW relocation
As described in Figure 2, the PGW is not changed during the mobile relay handover no matter the P/SGW is located outside the DeNB for Alt.1 and Alt.2-3, or collocated with the DeNB for Alt.2 and Alt.2-2. When the UE’s MME/SGW sends data to mobile RN, the data has to be sent to the mobile RN’s initial PGW, and is then sent back to the DeNB. If the PGW is already close to the target DeNB, the P/SGW is not required to be relocated. Then this data transmission manner works reasonably well, and the length of traffic path will be similar for the four architectures.
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Figure 2. Data transmission without PGW relocation for Alt.1/Alt.2/Alt.2-2/Alt.2-3
Conclusion 2: Data transmission without PGW relocation is essentially equivalent for the mobile relay architectures Alt.1/Alt.2/Alt.2-2/Alt.2-3 
Path optimization with PGW relocation
The relocation or redirection of PGW of the mobile relay and Relay GW may be needed if the PGW is far from the DeNB. As the train travels along it path, the Relay-GW/PGW of the mobile relay may be changed more than once for route optimization purposes. When the PGW relocation is required to be done, the situation and solution can be similar regardless of the RN architectures. One possible P/SGW relocation solution for Alt.2 and eAlt.2-2 is introduced in this section and a general description is illustrated by Figure 3. 
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Figure 3. PGW relocation for Alt.2 and eAlt.2-2
The basic idea is that the SGW/PGW serving the mobile RN can be transferred from the initial DeNB to the target DeNB. During the HO process, the mobile RN can temporarily retain the session and bearers allocated by the initial PGW, and the target PGW can allocate a new session and IP address for the mobile RN. When the handover is completed and UE’s MME/SGW has changed the DL path to the target DeNB, the initial PGW can deactivate the bearers in the old PDN connection and release the old IP address.
In Figure 3, the pink line indicates the PDN connection in which the data is packaged with the old IP and forwarded from the initial PGW to the target DeNB. The yellow line indicates that the MME/SGW (UE) has changed the DL path, and data is transferred from the target PGW to the target DeNB. A more detailed call flow about the solution is drawn in Figure 4 based on Alt.2.
This procedure is an extension of the call flow for a standard HO with SGW relocation, except for the new session setup in steps 17 - 18 and 20 - 23, and the UE path switch process in steps 27-31. 
· Enhanced Path Switch Request
The P/SGW relocation decision is made by the target DeNB, and a new PGW Relocation IE indicating that the PGW is going to be relocated is added to the path switch request message. This new IE includes the IP addresses for both the target RN SGW and PGW. A new PGW Relocation IE is also added to the Create Session Request message sent by the MME to the SGW, and the IP address of the target PGW is also included with the Create Session Request message. 
· Allocate new session and IP address via the PGW in the target DeNB
The target SGW will sends a Create Session Request message to the target PGW (in the target DeNB), then a new RN-UE IP address will be allocated by the target PGW and informed to the SGW in the Create Session Response message. The SGW then informs the MME of the new session information, including new RN_UE IP address in the Create Session Response message. After receiving this message, the MME sends an S1 UE Context Modification Request massage to the target DeNB, to inform the DeNB of the addition of the new PDN session for the mobile RN. A NAS Activate Default EPS Bearer Context Request message is sent along with the S1 UE Context Modification Request, which is then passed transparently to the RN-UE in the RRC Connection Reconfiguration message. The Activate Default EPS Bearer Context Request activates the bearer from the new PGW to the UE, and assigns the new RN-UE IP address. After this process, a new PDN session has been setup while the old RN-IP address and the old PDN session are temporarily maintained. It is FFS exactly what enhancements if any, are need to the S1 UE Context Modification Request and Activate Default EPS Bearer Context Request messages.
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Figure 4. Call flow of PGW relocation for Alt.2
· Change the DL endpoint in UE’s MME/SGW
The mobile RN can initiate the Path Switch Request procedure through target DeNB to inform the UE’s MME/SGW to change the DL endpoint. After the UE’s MME/SGW switches the DL path, the DL C/U plane data will be transferred from the UE’s MME/SGW to the target DeNB. Thereafter there will be no data sent to the initial DeNB through the old PDN connection with the old RN-IP address, so the initial DeNB can deactivate the bearers in the old PDN connection and release the old IP address. 
· Data forwarding
Before the path switch of the UE bearer, the DL data coming from the initial DeNB and the data buffered in the source DeNB will be all forwarded to the target DeNB. Meanwhile user data in the uplink will be sent to the target DeNB through the mobile RN. During this period, all the data transferred to, or from the mobile RN is packaged using the old mobile RN IP. The new mobile RN IP will not be used till the target DeNB has received the Path Switch Request ACK message sent by the MME (UE). 
Actually, the mobile RN’s PGW relocation frequency is an implementation issue and can be determined by the operator. It can be HO-triggered, and executed every time a handover occurs. Or the operator can just relocate the RN’s PGW in some locations along the train path (such as major cities), especially when the length of data path cannot be tolerated.
Conclusion 3: When the PGW relocation is required to be done for the path optimization purpose, the situation and solution can be similar regardless of the architectures.
Conclusion 4: The RN’s PGW relocation frequency is an implementation issue and can be determined by the operator, according to network architecture and deployment.
3   Conclusion
In this contribution, we have analyzed the PGW relocation issue of Mobile relay for path optimization.
According to the analysis above, we arrived at the following conclusions.
Conclusion 1: Alt.2-1 has a natural advantage to do PGW relocation.
Conclusion 2: Data transmission without PGW relocation is essentially equivalent for the mobile relay architectures Alt.1/Alt.2/Alt.2-2/Alt.2-3

Conclusion 3: When the PGW relocation is required to be done for the path optimization purpose, the situation and solution can be similar regardless of the architectures.
Conclusion 4: The RN’s PGW relocation frequency is an implementation issue and can be determined by the operator, according to network architecture and deployment.
Based on the conclusions above, we are kindly to ask RAN3 to discuss the analysis in this paper and agree with the following proposal:
Proposal 1: Alt.2, eAlt. 2-1, and eAlt. 2-2solutions have a clear advantage over Alt.1 and eAlt. 2-3,  when it comes to the PGW relocation for path optimization. Alt.2-1 has a natural advantage to do PGW relocation. 
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