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1   Introduction 
The contribution analyzes how to support mobile relay based on Rel-10, and  based on Alt-1.
2   Rel-10 based Mobile Relay 
Considering all related working groups spent significant effort to develop the solution for relay in Rel-10, it is worth to start the analysis from enhancing Rel-10 for Rel-11 Mobile Relay. There are two variants for Rel-10 based mobile relay architecture. 
2.1   Variant 1: The MR’s P-GW is collocated in the 1st DeNB. No relocation for the MR’s P-GW
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Figure 1 – Rel-10 based mobile relay architecture (variant 1)

In this solution, the MR’s S/P-GW resides in the 1st DeNB where the MR starts the normal operation. When the MR is HO to another DeNB, it still uses the MR’s P-GW or S/P-GW collocated in the 1st DeNB. The above figure only shows the target DeNB has S1-U interface to the MR’s S-GW collocated in the 1st DeNB. This solution requires the target DeNB to maintain the S1-U to the 1st DeNB, or S5 to the 1st DeNB if only MR’s P-GW remains in the 1st DeNB and the MR’s S-GW was relocated during the HO. 
2.2   Variant 2: The MR’s P-GW is relocated to the target DeNB
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Figure 2 – Rel-10 based mobile relay architecture (variant 2)
In this solution, the MR’s S/P-GW is relocated to target DeNB when the MR is HO to target DeNB. 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 relay, the UE’s MME/S-GW does not know the DeNB as well as the 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 similiar 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 P-GW relocation requires 1) setup the PDN connection via the P-GW in target DeNB, 2) notify the UE’s MME/S-GW for the change of DL F-TEID.
· 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 below).
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Figure 3 – Setup the PDN connection in the target DeNB
· Change the DL F-TEID in UE’s MME/S-GW
Contribution R3-112962 ([6]) discussed a possible solution (shown as below) to notify the UE’s MME/S-GW to change the DL path to the target DeNB. 

[image: image4]
Figure 4 – Notify the UE’s MME/SGW
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.
2.3   UE’s MME

In Rel-10 based mobile relay, the MR only has S1 interface with the DeNB. The DeNB has the S1 interface with the UE’s MME. Since the UE on the train always connect to the same MR, the UE does not see any movement. So there is no HO for the UE. The UE’s MME/SGW could remain unchanged. To minimise the number of S1 interfaces an DeNB needs to maintain, the operator T could uses a dedicated MME pool for UEs on the train, then the DeNB only need to setup S1 interface with the dedicated MME(s) in that pool.

Also, since the CN operator considers the MR as a cell of the DeNB. After the CN operator is aware of the DeNB, e.g. the IP address of the DeNB is in CN operator’s ACL, the RAN operator is free to add/remove the MR. 
2.4   Change of the cell ID

In Rel-10 based mobile relay, the MR’s 20-bit eNB ID is the same as the DeNB. When the MR is HO to target DeNB, the MR needs to change its cell ID to be again aligned to the 20-bit eNB ID of the target DeNB. The cell id is included in the SIB1. Current TS36.331 supports changes in the information broadcasted in the SIB1. It may not have an issue for changing the cell ID of the MR. On the other hand, the main purpose for using the same eNB ID as its DeNB is to ensure the HO messages to the MR can be correctly routed to the DeNB. As agreed in previous meetings HO to/from the MR only occurs at the station, the MR may only need to change the cell ID at the station. The train is usually slow when entering the station and this can gives enough time for MR to change the cell ID well before the HO to the MR happens.

2.5   MR’s TAI
If the MR uses the same TAI as the eNB, the MME will ask MR to page the UE even when the UE is actually in the coverage of the eNB. This is considered a waste of Un resources. To eliminate the unnecessary paging of UEs attached to the MR, it suggested that MR uses a different TAI than the eNB. When the MR attaches to the DeNB, it can use the eNB Configuration Update procedure to notify the DeNB, and in turn  the DeNB can notify the MME for the MR’s TAI. When the MR is handed over to the subsequent DeNB, the previously used DeNB can initiate eNB Configuration Update procedure to notify the MME to remove the MR’s TAI. 
2.6   Summary for Rel-10 based mobile relay
Pros:
· Backwards compatible, and reuse existing security and QoS mechanism.
· The RAN operator is free to add/remove a MR, since the CN operator only sees the DeNB.
Cons:

· The DeNB needs to support the S1-U to the S-GW collocated in the 1st DeNB, or the S5 to the P-GW collocated in the 1st DeNB. (only for Variant 1)

· Requires the P-GW relocation (only for Variant 2).
· Require changes to UE’s MME when introducing UE group procedures.
· Require changes to spec to support only share the MR (to be covered in a separate contribution ([7])) 

· The MR’s cell ID needs to be changed on the fly to keep the cell ID aligned with  the DeNB’s eNB ID.

3   Alt-1 based Mobile Relay
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Figure 5 – Alt-1 based mobile relay architecture

Since the UE on the train always connect to the same MR, the UE does not see any movement. So there is no HO for the UE. The UE’s MME/SGW could remain unchanged. To minimise the number of S1 interfaces an DeNB needs to maintain, the operator could use a dedicated MME(s) for UEs on the train, then the MR only need to setup S1 interface with the dedicated MME(s).
If the MR uses the same TAI as the eNB, the MME will ask MR to page the UE even when the UE is actually in the coverage of the eNB. This is considered a waste of Un resource. To eliminate the unnecessary paging of UEs attached to the  MR, it is suggested that MR uses a different TAI than the eNB.
Pros:
· Easy to support the MR’s mobility

Cons: 
· Non-backwards compatible: In case Alt-1 is adopted for Rel-11 Mobile Relay, it introduces a non-backwards compatible solution. Even in case it is argued that this is only used for Mobile Relay, the coexistence with Rel-10 Relay will be an issue. New mechanism is required for DeNB and MME to differentiate between Rel-11 Mobile Relay (Alt-1), and Rel-10 Relay (Alt-2). This also requires new work in other working groups, e.g. SA2 and SA3. 
· Security issue: The current security mechanism defined by SA3 is based on Alt-2. There is no analysis of  the security issues for Alt-1 and consequently no security solution is described for Alt-1. While it may be arguable that Alt-1 based mobile relay requires less changes to RAN3, but it requires the more work in other working groups, e. g. start the security analysis in SA3 from scratch. 
· According to TS33.401, the S1/X2 interface shall be integrity, confidentially and replay-protected from unauthorized parties. The Un interface has been enhanced in REL-10 to apply integrity protection for selected DRBs. As in an ALT-1 based solution, the DeNB is not acting as S1/X2 proxy, so it cannot reuse the enhancement in Rel-10. It is unclear how Alt-1 can meet the SA3 requirement. 

· There is yet another issue for Alt-1 based solution. Currently, before the MR is authenticated for normal relay operation, the MR can only send traffic to/from the O&M server (and Registration Authority for certificate enrolement. For simplicity reason, let’s call them O&M server). It is unclear how this can be guaranteed for Alt-1 based architecture. Alt-1 may use the same Phase I as Rel-10 that “HSS operator to ensure that the MR subscription includes an APN configuration that ensures that the MR subscription cannot be used for other purposes, e.g. only a single APN is configured for the use of MRs in phase I, and, that this APN is reserved for MRs only.” However, it is unknown how to make sure that the MME does not select the same P-GW as the one used in Phase I that restricts the MR’s traffic only to O&M server. 

· Long transmission delay: It is well known for the long transmission delay in Alt-1. According to TS23.203, the average delay between the PCEF and the radio base station is 20ms. Alt-1 adds more delay for the UE’s traffic than a normal eNB. It is unknown whether the delay budget can still be met without changes to existing QoS mechanism.

· QoS handling: It was concluded in previous Rel-10 analysis ([3]) that even in the case of static bearer configuration, mapping the QoS Control row of the comparison table shows that Alternative 1 requires a reconfiguration of DSCP values, which may incur in more complex reconfigurations given that DSCP values are already currently used by operators for traffic differentiation. That is, at least the DSCP mapping tables in all the gateways in the S/P-GWs in the network have to be updated. 

· Impact on existing nodes: The DeNB/MME need some changes in order to know this is a mobile relay. If RAN3 agreed not to use X2 for MR, then there is no impact to neighbour eNBs. Otherwise, impact to neighbouring eNB cannot be avoided. 
· Interfaces Issues: It was concluded in previous Rel-10 analysis ([3]) that Alternative 1 is the least scalable alternative within Architecture A.  Also, the S1 and X2 interfaces are always routed in a sub-optimal way (e.g. affected by longer delays)
. 

· Deployment flexibility: The CN operator is aware of the MR. When add/remove a MR, the CN operator need to be updated, for example, add or remove the MR’s IP address from the ACL
. 

4   Comparison 
Need to consider following criteria for comparison
· Backwards compatible

· Impact to DeNB

· Impact to neighboring eNB

· Impact to UE

· Impact to CN (UE)

· Impact to CN (MR)

5   Conclusion and Proposals
It is proposed to include Section 2, 3 and 4 in the TR.
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