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1 Introduction
The conclusion in last RAN plenary is that RAN3 should continue the discussion on the mobile relay SI with the aim of reducing  the mobile relay architecture solutions [1]. The mobile relay architectures captured in TR 36.836[2] are analyzed and compared in this paper. And we hope it will help the mobile relay architecture down-selection.
2 Discussion
There are six mobile relay architecture solutions captured in TR36.836[2]. All of them are briefly analyzed below.
· eAlt.2-1

In eAlt.2-1, two Rel-10 relay entities which are collocated in one mobile relay device alternately attach to the DeNBs along the railway to implement MRN mobility and avoid the relay GW/RN SGW/RN PGW relocation. However, it has the following disadvantages:

· Increase the MRN complexity for implementation since many internal communications are needed, e.g. UE context transfer, data forwarding, etc.
· High interference between the two co-existing Un interfaces connecting the same MRN with source and target DeNBs respectively will have a impact on the stability of the backhaul link. As we all know, when two UEs with close geographical relation are under the control of a eNB, the interference can be decreased by RRM algorithm. While in the case that two RN_UEs attach to two adjacent DeNBs respectively, it needs a new mechanism of inter-eNB RRM to handle the interference.

· When a RN_UE attaches to a new DeNB and activates the corresponding logical RN_cell, MRN shall initiate handover related procedure for every individual UE. It will introduce signaling overload over Un interface. Considering the backhaul link interference, the large number of UE handover related signaling will cause the signaling storm and further have a potential risk in handover failure.
While in Alt.2, the Rel-10 RN can be reused in MRN. In Alt.1, Rel-10 RN with enhancement of NNSF functionality is needed for the MRN. Besides, UE HO procedure can be avoided by MRN HO in both Alt.1 and Alt.2.  
· eAlt.2-2

In eAlt.2-2, relay GW/RN PGW always locates in initial DeNB. The only difference with Alt.2 is that RN SGW relocates to serving DeNB during MRN HO. However, there is no significant gain from the SGW relocation along with MRN HO. Moreover, it will introduce the signaling overhead and extra complexity for implementation due to the RN SGW relocation. 
· eAlt.2-3

In eAlt.2-3, a separate mobility anchor which integrates the functionality of RN P/S-GW and Relay GW is proposed. Comparing eAlt.2-3 and Alt.2, the difference is that RN SGW/PGW and Relay GW reside in mobility anchor rather than in initial DeNB. It will introduce a new network element (the mobility anchor), which will introduce more standardization work and increase the cost of network deployment. Furthermore, the GW selection mechanism in Rel-10 fix relay can not be reused.
While in Alt.1 and Alt.2, there is no new network element required, and thus no need for high standardization effort.
· Alt.4

Alt.4 is a completely different architecture with the Rel-10 fix relay, which needs a lot effort on standardization, e.g. one-to-one mapping between EPS bearer of a UE and radio bearers over the Un interface, modifying RRC/PDCP/RLC/MAC in order to identify individual UE bearers on the Un interface, DL traffic filtering from UE EPS bearer to RN radio bearer by DeNB. 
While in Alt.2, the same architecture as the Rel-10 fix relay is used. And Alt.1 can be implemented for mobile relay based on Alt.2 with minor modification, i.e. NNSF and security mechanism.  

Proposal 1: Comparing with Alt.1 and Alt.2, eAlt.2-1, eAlt.2-2, eAlt.2-3, and Alt.4 are not preponderant architecture for mobile relay. 
Further analysis and comparison between Alt.1 and Alt.2 are shown below:
· Alt.1

In Alt.1, UE HO can be avoided by group mobility during MRN HO which is transparent to UEs. Besides, Alt.1 has the advantages as below:

· Because MRN sets up and maintains one S1 interface to each MME independently, the principle that the TAI broadcast by mobile relay cell shall be supported by DeNB is no longer needed. The MRN can simply keep the TAI of mobile relay cell unchanged during the movement. In another word, no UE TAU issue exists in Alt.1.
· Under RAN sharing case, the NNSF function is performed by MRN, there is no need to restrict that the PLMN lists broadcasted by MRN shall be supported by DeNB.
However, the disadvantages of Alt.1 are:

· In case of the coexistence of Rel-10 RN and Rel-11 MRN, it is difficult for Alt.1 DeNB to serve R10 Alt.2 RN. For example, Alt.1 DeNB doesn’t have NNSF function, and there is no S1/X2 proxy functionality in Alt.1.
· Due to the absence of Relay GW functionality in DeNB, it can’t differentiate whether the Un DRB carries the control signalling or not, therefore how to implement proper integrity protection mechanism needs to be resolved. 
· Alt.2

Alt.2 is the same architecture as the Rel-10 fix relay, therefore most of the Rel-10 procedures and network elements realization can be reused. Similar as Alt.1, UE HO can also be avoided by group mobility during MRN HO which is transparent to UEs. Comparing with Alt.1, there is no compatibility issue in the case of coexistence of Rel-10 RN and Rel-11 MRN and security issue of S1/X2 signaling. However, there still have following disadvantages in Alt.2:
· If the Relay-GW/PGW/SGW reside in the initial DeNB and never change along the movement, MRN_cell can always be regarded as initial DeNB’s cell and there is no TAU issue too. 

However, according to TR 36.836 [2], the Relay-GW/PGW/SGW may be changed for routing optimization purpose. Whenever the Relay-GW/PGW/SGW change, MRN_cell shall be regarded as connected with the same set of MMEs as the new initial DeNB. Once the TAI broadcasted by the MRN is not included by the new initial DeNB, UE’s paging message will not be forwarded to the new initial DeNB. On the other hand, if the MRN’s TAI changes in order to keep the same as the serving DeNB_cell, the UEs will have to initiate the TAU procedure when the MRN_cell’s TAI is not included in the UE’s TAI list. 
· Under RAN sharing case, the MME selection function is performed by DeNB. Because the Relay-GW/PGW/SGW is collocated in the initial DeNB, the PLMNs broadcasted by the MRN should be supported by the initial DeNB. Considering that the Relay-GW/PGW/SGW may be changed for routing optimization purpose, the new initial DeNB should also support the PLMNs shared by MRN. However, it can be resolved by network deployment or implementation. 
Proposal 2: RAN3 is kindly requested to continue the mobile relay architecture down-selection based on Alt.1 and Alt.2 and evaluates the pros and cons of Alt.1 and Alt.2 to choose the final architecture.
3 Conclusion & Proposal
According to the above analysis, RAN3 is kindly to approve the following proposals:
Proposal 1: Comparing with Alt.1 and Alt.2, architecture Alt.2-1, Alt.2-2, Alt.2-3, and Alt.4 are not the preponderant architecture solutions for mobile relay. 
Proposal 2: RAN3 is kindly requested to continue the mobile relay architecture down-selection based on Alt.1 and Alt.2 and evaluates the pros and cons of Alt.1 and Alt.2 to choose the final architecture.
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