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1 Introduction
In LTE Rel-10, RN is defined as a fixed node where the control plane and user plane protocol stack can be found in [1]. In RAN#53 meeting, mobile RN is approved as a new study item in Rel-11 [2]. This paper discusses handover procedures for mobile RN.
2 Discussion
  The RN handover procedures are divided into three stages: handover preparation, handover execution, and handover completion. This paper discusses the case that X2 interface is supported between DeNBs. The RN handover preparation stage is represented in Figure 1. After receiving measurement control, RN performs measurements and reports measurement results to the source DeNB. According to the reported measurement reports, Source DeNB makes handover decision and decides the target DeNB. Then the “Handover Request” message is sent to the Target DeNB. The contents of “Handover Request” is different from that of UE because not only the information of RN should be included in the message but also the information of UEs served by the RN should be included. Whether the S1/X2 proxy related context are also included in the “Handover Request” message is left for further study. In this Figure, RN is assumed to be admitted by the Target DeNB. Therefore, the “Handover Request Acknowledgement” message is sent to the Source DeNB. After receiving the “Handover Request Acknowledgement” message, Source DeNB sends “RRC Connection Reconfiguration” message to instruct RN to detach from the Source DeNB and handover to Target DeNB. 
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Figure 1. RN handover preparation stage.
  RN handover execution stage is represented in Figure 2. In order to avoid unnecessary data forwarding, Source DeNB should start to buffer DL data and RN should start to buffer UL data in the beginning of this stage. Then RN detaches from Source DeNB and start to synchronize to Target DeNB. The procedure is the same as the normal UE attach procedure with the exception that S-GW/P-GW functionality is performed by the DeNB and that during the RRC Connection Setup the RN signals a RN Indicator to the DeNB. Before downloading configuration data of RN from OAM, RN have to perform DHCP protocol to get PDN address from the PGW functionality in the Target DeNB. Although the procedures as same as RN attach can be reused here, but using DHCP protocol to get PDN address may introduce significant delay. Therefore, further study is required to check if handover delay requirement is still satisfied. Meanwhile, downloading configuration data from OAM is also a time consuming procedure that should also be checked further to see if handover delay requirement is still satisfied. If handover delay requirement can not be satisfied, other optimization should be provided to reduce time of handover execution stage. After the RN initiates the setup of S1 and X2 associations with the Target DeNB, the Target DeNB may perform eNB configuration update to MME-UE for S1 connection and to neighbor eNBs for X2 connection.  
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Figure 2. RN handover execution stage.
  Figure 3 shows the message flows for RN handover completion stage. In ths stage, there is no need to switch RN’s GTP-U tunnels from Source DeNB to Target DeNB because the RN’s SGW/PGW is a new one. Although UEs served by the RN do not perform handover, RN have to perform path switch procedures for them due to the change of served DeNB. As a S1 proxy of the RN, Target DeNB sends path switch request to MME-UE to request the path switch to S-GW(UE). Therefore, the same path switch procedures can be reused here with minor change that the path switch procedures are not initialized by the handover of serving UEs but the handover of RN. A possible optimization can be studied further to identify if the path switch request message can be initialized by the Target DeNB directly. The condition for this optimization to work is that Target DeNB have the information for serving UEs under the RN in advance. Therefore, information of serving UEs may be sent to Target DeNB in the RN handover preparation stage. If Target DeNB have the information for UEs served by RN, “Release RN context” message can be sent by the Target DeNB to release RN context in Source DeNB. If path switches for all the UEs’ tunnels are completed, the RN handover completion stage is finished. 
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Figure 3. RN handover completion stage.

3 Conclusions
  In this paper, handover procedures for mobile RN are analyzed. From the discussion above, handover procedures used for normal UE can be applied to RN for supporting RN mobility with minor change of some message contents. Thus, the following are proposed:
Proposal 1: Handover procedures used for UE can be applied to mobile RN as a baseline.
Proposal 2: Delay latency for downloading RN configuration form OAM should be studied to check if the handover requirement can be satisfied.
Proposal 3: Delay latency for getting RN’s PDN address should be studied to check if the handover requirement can be satisfied.

Proposal 4: Path switching procedures for UEs served by RN should be studied to check if the handover requirement can be satisfied.
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