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1   Introduction

Relaying is considered for LTE-Advanced as a tool to improve e.g. the coverage of high data rates, group mobility [1] . In the type 1 relay architecture discussion, it’s proposed to take mobile relay-node into account. In RAN2 #66bis, the following conclusion has been agreed:

· Main focus of the study is on fixed RN. However, selected architecture should not preclude later introduction of mobile RN.

The objective of this contribution is to analyze the RN mobility supporting issues. In section 2, the technical requirements are proposed according to the application scenario. Section 3 describes the main architecture alternatives for the mobile RN supporting, and gives a concise comparison of the main alternatives. 
2   Mobile RN scenario overview
The application scenario of LTE-A relay is proposed in [2], where the group mobility case is described. In this case a RN is deployed on the top of moving vehicle such as a train or bus, which will move together with its subordinated UEs across eNBs. 
Mass handover of UEs will cause signalling storm over the air interface and the increase of call drop rate. One aim of mobile RN is to support the group mobility and mitigate the frequent handover problem of masses of UEs. 
Proposal 1: The RN mobility should decrease the unnecessary mass UEs handover procedure over the air interface.
Below we list the main behaviors during the RN mobility.
· Start service: After the RN has finished the general start up procedure, it will get relative configuration for the group mobility functionality from the eNB/EPS/OAM server. Then some preparation for the RN mobility will be made.
· UE joins or leaves the group: The passenger may move into and out of the vehicle in the station. Thus UE in RRC_IDLE or RRC_CONNECTED will join or leave the group. Then the RN should operate on the UE and the group accordingly.
· RN mobility: The RN would handover between the eNBs together with its subordinated UEs. RN should assist the UE to complete handover, which is transparent to UE. In some special case, if the target can’t accept all the UEs or all the EPS bearers, some E-RABs with lower priority will not be admitted.
· UE state transitions while the RN moving: During the RN mobility, the UE may change its state between the RRC-CONNECTED and RRC-IDLE states. Then the RN should operate on the UE and the goup accordingly.
· Stop service: At the termination, the RN will stop the service, the group dismisses and all the UEs select other cells.
Proposal 2: In case of limited radio resource, the partial success during the RN mobility should be considered.
3   Mobile RN procedure
3.1   Full L3 relay - architecture option 1
In this alternative, RN has its own IP address. According to the corresponding packet filtering rules, the UE packets are encapsulated into the respective GTP tunnel (spanned between SGW /PGW of the UE and the RN). [3]
The RN communicates with the MME/GW of UE via the IP connectivity. The downlink transmission is illustrated below [3]:

· The PGW of the RN receives the IP packet (GTP tunnel inside) from MME/GW of UE aimed to RN as the external bearer, classifies the packets, and encapsulates the packet into the outer GTP tunnel, corresponding to the EPS bearer of RN.
· The S5/S8 bearer transports the packets of the EPS bearer of RN between the SGW of RN and the PGW of RN.
· The S1 bearer transports the packets of the E-RAB of RN between the donor eNodeB and the SGW of RN.
· The donor eNB encapsulates the outer GTP tunnel. The IP packets, which are originally from the MME/SGW of UE, are transported to RN over the data radio bearer of RN. 
These steps are similar with the UE communicates with its peer entity. Then the RN can communicates the S1 signalling/data of UE with the MME/GW of UE. 
The schematic sequence chart of the RN mobility procedure for the “Full L3 relay” architecture alternative is shown in Figure 1.
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Figure 1: RN mobility procedure in case of “Full L3 relay” architecture alternative

When the RN changes it donor eNB via handover, there are no impacts on the Uu radio bearer of UE (between the RN and the UEs), as well as the external bearer of RN (between the PGW of RN and the MME/SGW of UE). The only requirement for RN mobility in this architecture is to maintain the IP connectivity during the handover. In this case, the UE handover procedure can be fully reused.

After the RN accesses the target eNB, target eNB will trigger the path switch procedure, and the GW of RN will switch the DL path from the source eNB to the target eNB.
In the “Full L3 relay” architecture, the RN mobility can be fully supported via the Release 8 handover procedure. But the main drawback is that the target donor eNB will reject the whole RN bearer in case of limited radio resource, which will impact on many UE bearers, because the donor eNB can’t recognize the UE bearer.
3.2   Proxy S1/X2 - architecture option 2
In this architecture, the donor eNB consists of the following functionalities i.e. the eNB, the PGW of RN and the HeNB GW. The downlink transmission is illustrated below [3]
· The downlink UE packet is mapped to UE bearer at the PGW serving the UE and the packet is sent in the corresponding UE bearer GTP tunnel to the donor eNB.

· The donor eNB classifies the incoming packets into RN radio bearers based on the QCI of the UE bearer (by filtering on the GTP TEID, where the association is established at bearer setup, see [1] for details) and switches the UE bearer GTP tunnel from the SGW/PGW to another UE bearer GTP tunnel toward the RN (one-to-one mapping).

· The RN maps the received packet based on the per UE bearer GTP tunnel to the corresponding UE radio bearer.

When the RN changes it donor eNB via handover, there are no impacts on the Uu radio bearer of UE (between the RN and the UEs). There are two main problems to be solved:
· When the RN together with its subordinated UEs handover, from the point of view of the EPS of the UE, the UE have changed its HeNB GW. The corresponding UE context should be transferred from the source HeNB GW to the target HeNB GW. The detail procedure is FFS.
· After the RN changes its eNB of attachment, the PGW of RN functionality migrates from the source donor eNB to the target donor eNB. In Release 8 specification, if the PGW of UE is changed, the UE will get its new IP address and the IP layer connectivity should be re-established. Fortunately the RN needn’t keep IP connectivity with the previous donor eNB. It’s possible for RN to keep the IP connectivity of UE via the re-establishment of RN bearer. To support RN mobility in this architecture alternative, new scheme is needed to handle this issue.
Because of the two main problems mentioned above, in this “Proxy S1/X2” architecture, it’s difficult to support the RN mobility unless new scheme for RN mobility is defined.
In this alternative the donor eNB can recognize the UE bearer, the target eNB can reject the UE bearer selectively instead of the whole RN bearer.

3.3   RN bearers terminate in DeNB - architecture option 3
In case of “RN bearers terminate in DeNB” architecture, the traffic from the RN is broken out at the donor eNB, as the SGW/PGW of the RN is integrated into the donor eNB. Thereby the packets in the forwarding tunnel go directly to the target eNB. 
When the RN changes it donor eNB via handover, there are no impacts on the Uu radio bearer of UE (between the RN and the UEs). But from the point of view of the EPS of UE, the RN have changed the IP address, the S1 bearer of UE should be re-established.
This case is similar with the case of ““Proxy S1/X2” architecture”, it’s possible to support the RN mobility but the handover latency will be too long to endure.
Because the donor eNB also can’t recognize the UE bearer, the issue is the same as that in alternative 1 in case of limited radio resource.

3.4   S1 termination in DeNB - architecture option 4
In case of the “S1 termination in DeNB” alternative, either the Uu RB or the Un RB is one segment of the UE radio bearer. The two segments are two equivalent parts over the air interface. When the RN changes it donor eNB via handover, there are no impacts on the Uu radio bearer of UE (between the RN and the UEs). However the Un RB of UE should be reconfigured. Because the S1 is terminated in the donor eNB, from the point of view of the EPS of UE, the UE have changed its S1 termination in the E-UTRAN from the source donor eNB to the target donor eNB. This procedure is similar with the HeNB GW relocation in Alt2. 
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Figure 2: RN mobility procedure in case of “S1 termination in DeNB” architecture alternative

The main purpose of mobile relay is to mitigate the mass handover procedures of individual UEs over the air interface. As for the handover procedure over S1 interface (in the wire network), the per-UE handover i.e. path switch is sufficient. Optimization to reduce the handover procedure over S1 interface is allowed in Alt4 e.g. centralized anchor.
In the “S1 termination in DeNB” architecture, it’s easy to solve the RN mobility problem and most of the Release 8 handover procedure can be reused. In case of limit radio resource, the target can reject the UE bearer with low priority.
3.5   Comparison
This section summarizes some features of the alternatives while supporting the mobile relay. Table 1 shows the concise comparison of the alternatives.
Table 1: Mobile relay supporting comparison
	
	Alt 1
	Alt 2
	Alt 3
	Alt 4

	Impact on the fixed relay protocol stack
	It can be easily extended to support RN mobility with least impact
	New scheme for RN mobility should be defined
	New scheme for RN mobility should be defined
	It can be easily extended to support RN mobility with small impact

	Reduction the signalling on the air interface
	Support
	Support
	Support
	Support

	Partial success in case of limited resource
	Difficult
	Easy
	Difficult
	Easy


4   Conclusion

By reviewing the RN mobility scenario, the following proposals were drawn from the analysis. 
Proposal 1: The RN mobility should decrease the unnecessary mass UEs handover procedure over the air interface.
Proposal 2: In case of limited radio resource, the partial success during the RN mobility should be considered.

In this document we analyzed the RN mobility issues in different relay architecture alternatives. For all the alternatives, the signalling storm over the air interface due to the mass handover of UEs could avoid. All (or most of) R8 handover procedures can be reused in alt 1 and alt4, while new RN mobility scheme is needed for architecture alt2 and alt3. In handling on the partial success, the alt2 and alt4 are more suitable than alt1 and alt3, because the donor eNB can recognize the individual UE bearer.
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