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1   Introduction 
The contribution analyzes the non-optimized path issue in current solutions for Mobile Relay (MR). 
2   Problem Statement
In current proposals (Alt.1, Alt.2, eAlt.2-2, and eAlt.2-3), the MR’s PGW remains unchanged no matter how far the train is away from the originated station. This can cause a non-optimized path with long transmission delay for UE’s S1-C/U. For example, the high speed train travels from Beijing by Shanghai to Fuzhou, which is about 2300KM. Let’s therefore assume that the RN’s SGW/PGW is located in Beijing as the RNs MME is also located there. A CONNECTED UE board the train in the middle, e.g.  Shanghai. The UE’s MME/SGW are located in Shanghai. 
· In Alt.1, the RN performs the NNSF for the UE. 

· In case the RN is configured to use all MMEs/SGWs along the train’s route, it does not relocate the UE’s MME/SGW when the UE enters the train. The UE’s MME/SGW remains unchanged in Shanghai. However, the RN’s PGW is located in Beijing. When the UE’s MME/SGW (located in Shanghai) send a S1-C/S1-U to MR, the S1-C/S1-U has to be sent to the MR’s PGW in Beijing, then send back to the DeNB in Shanghai. This causes long transmission delay.
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Figure 1 – Non-optimized route in Alt.1 based mobile relay

· In case the operator uses designated MME/SGW(e.g. located in Beijing) for the UEs on the train, the UE’s MME/SGW is relocated to the one located in Beijing when the UE is HO to the MR, but the UE’s PGW remains in Shanghai, So the back-and-forth forwarding issue still exists.

One may argue that the operator can deploy the RN’s PGW in the middle, for example, in Shanghai. But in that case, the back-and-forth forwarding still exists, for example, for the UEs board the train at Beijing.
· In Alt.2, the Initial DeNB performs NNSF for the UE. 

· In case the Initial DeNB is configured to use all MMEs/SGWs along the train’s route, it does not relocate the UE’s MME/SGW when the UE enters the train. Let’s assume the RN’s Initial DeNB is located in Beijing. When the UE’s MME/SGW (located in Shanghai) send a S1-C/S1-U to MR, the S1-C/U has to be routed via the Initial DeNB in Beijing. This also causes long transmission delay.
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Figure 2 – Non-optimized route in Alt.2 based mobile relay

· In case the operator uses designated MME/SGW(e.g. located in Beijing) for the UEs on the train, the UE’s MME/SGW is relocated to the one located in Beijing when the UE is HO to the MR, but the UE’s PGW remains in Shanghai, So the back-and-forth forwarding issue still exists.
Considering the train usually travels a long distance, it is not unusual that people board/leave in the train in the middle. If the long transmission delay issue is not resolved, it can affect many UE’s QoS experience. 
Observation: The non-optimized route causes long transmission delay. It is necessary to consider path optimization for Mobile Relay.
3   Possible Solutions 
Since the long transmission delay is mainly caused by the non-optimized route, the possible solution can be to relocate the RN’s SGW/PGW (for Alt.1) and the MR’s SGW/PGW/Relay-GW (for Alt.2) so that it will be located close to the serving DeNB. (For simplicity reason, let’s just call it PGW thereafter, even it is actually the SGW/PGW/Relay-GW in Alt.2) It is not necessary to relocate the RN’s PGW very often. The operator can have a choice to relocate the RN’s PGW in some major cities, especially when the station is far away from the head-end stations (e.g. Beijing and Fuzhou) and many passengers leave/enter the train. Current macro system does not support the P-GW relocation. The change of the P-GW implies the change of the UE’s IP address, so the relocation of the P-GW can cause the UE’s active service being disconnected. But there are some differences between the relocation of the MR’s P-GW and the relocation of a normal UE’s P-GW. 

In Alt.1, the RN selects the UE’s MME/SGW. The UE’s MME/SGW do not know the DeNB as well as the MR’s S/P-GW. From the UE’s MME/SGW perspective, the MR’s S/P-GW is transparent to the UE’s S1-C/U traffic. The change of the MR’s P-GW doesn't impact the UEs IP addresses. Unless the UE’s MME/S-GW is notified about the change of the DL endpoint, the UE’s MME/S-GW continues sending the DL S1-C/S1-U to the source DeNB. The traffic continuity for the MR is maintained thanks to the data forwarding function performed during the HO procedure. The UE’s service is not affected. So the impact from relocating the MR’s P-GW is not that significant as the relocation of the P-GW for a normal UE would be.
In Alt.2, the Initial DeNB selects the UE’s MME/SGW. The UE’s MME/S-GW do not know the DeNB as well as the MR’s S/P-GW collocated in the DeNB. The UE’s MME/S-GW just treats the DeNB (and the collocated S/P-GW) as the UE’s eNB. So the relocation of the MR’s P-GW to target DeNB doesn't impact the UEs IP addresses, but is similar to the HO process to another eNB. The UE’s MME/S-GW know the DL TEID during the UE’s attach, or handover procedure. Unless the UE’s MME/S-GW is notified about the change of the DL endpoint to the target DeNB, the UE’s MME/S-GW continues sending the DL S1-C/S1-U to the source DeNB. The source DeNB forwards the DL packet to target DeNB. The UE’s service is not affected. So the impact from relocating the MR’s P-GW is not that significant as the relocation of the P-GW for a normal UE would be. 

The further analysis is based on Alt.2, but it may also apply to other Mobile Relay solutions with some modifications.

Relocation for Alt.2
One possible solution is shown as below.
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Figure 3 – One possible implementation to relocate the MR’s PGW
· Setup the PDN connection via the P-GW in the target DeNB
In normal X2 HO, the path switch request procedure can relocate the S-GW. Then the S-GW sends Modify Bearer Request message to the P-GW. In mobile relay, since the MR’s S-GW and P-GW are collocated, it may be possible to also setup the PDN connection during the Path Switch request procedure (shown as Step 12).
· Change the DL endpoint in UE’s MME/S-GW
The MR can initiate the Path Switch Request procedure for the connected UEs, to notify the UE’s MME/SGW for the change of DL endpoint. Contribution R3-112962 ([5]) discussed a possible solution to notify the UE’s MME/S-GW to change the DL path to the target DeNB. 
In order to reduce signaling in Un interface, a new S1 “group update” procedure could be used instead of the Path Switch procedure for every UEs. Further investigation is needed in SA/CT working groups.
4   Conclusion and Proposals
It is proposed to discuss these issues, and investigate possible solutions. 
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