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1   Introduction
In RAN3 #74 meeting, the four fixed RN architectures proposed in [1] have been re-discussed on its feasibility of supporting mobile relay. It is agreed that the appropriate mobile relay architecture should fulfill certain principles, for example, mobile relay’s Serving GW serves as mobility anchor point for mobile relay inter-DeNB handover. Whether the X2 HO need to be supported is also proposed as a metric for the mobile RN architecture comparison. 
In [2], we have presented the overview comparison of the four architectures as to their capabilities of supporting mobile relay. In this contribution, we further analyze the X2/S1 handover support for RN and UE in these fixed RN architecture alternatives and give the comparisons, which can be used as the guide for the mobile RN architecture selection.
2   Handover requirements for RN and UE
One of the major advantages of mobile relay is the simplified processing of group UE mobility. The group UE mobility concerns with the handover issues for RN and UE. In this section, we discuss these handover use cases respectively and analyze the system requirements to support these use cases. 
In mobile relay scenario, the frequent handovers of a group of UEs in active mode are replaced by the individual handover of RN while RN moves. However, it does not mean that the UE on the train no longer perform handover, for example, when the train stops at the station or the Uu interface of RN is congested, the UE may handover between RN and other eNBs (including DeNBs). 
        According to [3], both the X2-based and S1-based handover procedure are supported. The X2-based handover is used if the X2 connectivity is available between the source and target eNBs and the MME is unchanged whereas the S1-based handover procedure is used when the X2-based handover is not available. 
When it comes to mobile relay scenario, both the RN and UE may perform X2-based or S1-based handover. It can be divided into following four cases and we discuss their system requirement one by one.
· UE X2 handover: The UE may handover from RN to other eNB, and vice versa. Both cases require the X2 interface between RN and other eNB. The other eNB could act as the source eNB or target eNB for handover. Both the RN and the other eNB have the S1-MME interfaces with the UE’s MME.
· UE S1 handover: If the RN and other eNB do not have the X2 interface between them or if the RN or other eNB do not have S1-MME interfaces with the UE’s MME, only the S1 handover could be supported for UE. 
· RN X2 handover:  To support the RN X2 handover, the source DeNB and target DeNB should have the X2 interface between them. RN’s MME is unchanged during the procedure. Both the source DeNB and target DeNB have the S1-MME interfaces with the RN’s MME.
· RN S1 handover: If the source DeNB and target DeNB do not have the X2 interface between them or if the target DeNB does not have S1-MME interfaces with the RN’s original MME, only the S1 handover could be supported for RN. 
3   Architecture Comparison
In this section, we give the comparison of different fix RN architectures to support the system requirement of handover proposed in Section 2, and the impact to the specification. According to the architecture comparison discussed in RAN3 #74, most companies inclined to the elimination of the alternative3 and alternative4 as the candidate mobile RN architecture [4]. Hence, in this contribution, we pay more emphasis on architecture comparison of alternative1 and alternative2.
Alternative1
UE handover
In alternative1, the RN can be configured with a list of suitable neighbour eNBs at deployment, and then RN setups and maintains the X2 interface with the neighbour eNBs. The X2 interface is spanning through the DeNB transparently. 
In mobile relay scenario, the neighbor eNBs changes rapidly with the movement of RNs. The pre-configured neighbour eNBs relation for RN becomes out of date soon. Although Automatic Neighbour Relation Function (ANRF) is proposed to identify proper neighbour in a dynamic way, it is hard to be used in the high speed mobile relay scenario. Due to the complication of suitable neighbour eNBs identification for mobile RN, it is recommended to remove the X2 interfaces between mobile RN and other neighbour eNBs (exclude the serving DeNB of RN). Consequently, UE X2 handover between RN and other eNBs could not be supported due to the unavailability of X2 interfaces.
Observation 1: Based on Alternative1, it is hard for mobile RN to identify suitable neighbor eNBs. It is recommended to remove the X2 interface between mobile RN and other neighbor eNBs (exclude the serving DeNB of RN) and does not support UE X2 handover.  
As to the S1 interface, the RN can be directly configured with a list of MME nodes of the pool at deployment and RN has to setup and maintain one S1 interface relation to each MME in the respective MME pool [1]. The MME pool configured for RN and the serving DeNB can be independent from each other. When the RN moves with the high speed train, the RN keeps the S1 interfaces with the original MMEs. Since the MME pool configured for the RN does not change, the UE’s serving MME selected by the RN does not change either. When the UE needs to handover from RN to other eNBs, the UE S1 handover could definitely be supported. 
Observation 2: Based on Alternative1, mobile RN should be configured with specific MME pool which does not change with the RN movement. Accordingly, the UE served by the RN does not change its serving MME.
RN handover
Whether X2 or S1 handover could be supported for RN depends on the serving DeNB. Generally speaking, the source serving DeNB and target DeNB should have the X2 interface between them. If RN’s MME is unchanged, the RN X2 handover may be supported, otherwise, RN S1 handover may be supported. The handover type could be determined by the DeNB. 
Observation 3: Based on Alternative1, both X2 handover and S1 handover could be supported for mobile RN, which one shall be choose is determined by the DeNB. 
Alternative2
UE handover
In alternative2, X2-AP proxy mechanism is utilized. The RN maintains only one X2 interface (to the DeNB), while the DeNB can be configured with a list of suitable neighbour eNBs at deployment and then maintains the X2 interfaces with each of the neighbour eNBs. The X2AP messages are sent between the neighbour eNBs and the DeNB, and between the DeNB and RN. It looks like the RN maintains the X2 interface with each of the DeNB’s neighbour eNBs. 
In mobile relay scenario, when the RN handovers to a new DeNB, the RN only need to setup the X2 interface with DeNB, and then it could share the same set of neighbour eNBs and corresponding X2 interfaces with DeNB. The UE X2 handover has been well studied in fixed relay [5] and the procedure could be re-used in the mobile relay scenario.
Observation 4: Based on Alternative2, the UE X2 handover has been well studied in fixed relay and the UE X2 handover could be supported in mobile relay without much specification efforts. 
As to the S1 interface, S1-AP proxy mechanism is utilized. The RN maintains only one S1 interface (to the DeNB), while the DeNB maintains one S1 interface to each MME in the respective MME pool. The RN is regarded as connected with the same set of MMEs as the serving DeNB. When the UE needs to handover from RN to other eNBs, the UE S1 handover procedure studied in fixed relay could also be reused. 
Observation 5: Based on Alternative2, the UE S1 handover could be supported without much specification efforts.
RN handover
Similar to the analysis in 3.1, the source serving DeNB and target DeNB generally have the X2 interface between them. If RN’s MME is unchanged, the RN X2 handover could be supported.  To support the RN X2 handover, new signaling is necessary for the target DeNB to notify the UE’s MME/GW so that the UE’s S-GW can correctly forward the data packet to target DeNB. 
If RN X2 handover is not available, RN S1 handover could be supported. Suppose the target DeNB is configured with non-overlap MME pool compared to the source DeNB, not only the RN but also the UE served by the RN needs to relocate the MME and/or S-GW. Currently, no existing signaling procedures could support the separate UE MME update without triggering the UE handover or TAU. Compared with the alternative1, the support of RN X2 and S1 handover need the modification to the current specifications.
Observation 6: Based on Alternative2, both the mobile RN X2 and S1 handover could be supported with modifications to the current specification.
In a sum, the architecture comparison between alternative1 and alternative2 is listed in Table 1. 
Table 1 The comparison between alternative 1 and alternative 2
	Metric
	Alternative1
	Alternative2

	X2 interface
	Not support
	Support

	S1 interface
	Support, the S1 interfaces are maintained between RN and every MME in the configured MME pool. The S1 interfaces are kept unchanged with the RN movement.
	Support, only one S1 interface is maintained between the RN and DeNB. The S1 interface changes with the serving DeNB.

	UE X2 handover
	It’s hard for mobile RN to identify suitable neighbor eNBs. It is recommended to not support UE X2 handover.
	Support

	UE S1 handover
	Support
	Support

	RN X2 handover
	Support
	Support with modification to current specification

	RN S1 handover
	Support
	Support with modification to current specification


4   Conclusion
In this contribution, we discuss use cases for RN and UE handover and analyze the system requirements to support these use cases. Then based on the fixed relay architecture alternative 1 and 2, we give the comparison of these architectures to support the system requirements and the impact to the specification. The following observations are given.
Observation 1: Based on Alternative1, it is hard for mobile RN to identify suitable neighbor eNBs. It is recommended to remove the X2 interface between mobile RN and other neighbor eNBs (exclude the serving DeNB of RN) and does not support UE X2 handover.  
Observation 2: Based on Alternative1, mobile RN should be configured with specific MME pool which does not change with the RN movement. Accordingly, the UE served by the RN does not change its serving MME.
Observation 3: Based on Alternative1, both X2 handover and S1 handover could be supported for mobile RN, which one shall be choose is determined by the DeNB. 
Observation 4: Based on Alternative2, the UE X2 handover has been well studied in fixed relay and the UE X2 handover could be supported in mobile relay without much specification efforts. 
Observation 5: Based on Alternative2, the UE S1 handover could be supported without much specification efforts.
Observation 6: Based on Alternative2, both the mobile RN X2 and S1 handover could be supported with modifications to the current specification.
Finally, it is recommended to consider the following proposals.
Proposal1: The aforementioned observations should be captured in the TR for the mobile relay architecture selection. 
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