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1. Introduction
Choice of handover type in relay scenario was listed as an open issue and discussed at last RAN3 Beijing AH meeting. This document mainly analyzes and discusses which node is most suitable for HO type decision if handover source node is RN. Based on complexity and standardization impact analysis, we propose that RN decides the handover type, e.g. S1 or X2 HO.
2. Discussion
2.1. Problem Analysis
For intra-LTE handover, handover type decision mainly depends on the following three factors:
1、 X2 interface connectivity, including whether X2 interface has been setup between source eNB and target eNB. 
2、 MME Pool information of target cell, i.e. whether MMEs of UE and target cell are located within the same MME Pool.
3、 Serving MME of UE.

For the selected relay architecture, DeNB has S1/X2AP proxy functionality, and RN maintains only one S1 interface and only one X2 interface to the DeNB. For the sake of ICIC and ANR, RN should acquire the info about X2 interface connectivity between DeNB and neighbour eNBs. Based on Tdoc [1], we assume RN has known which eNBs have established X2 interface with DeNB, as well as MME information of target cell. Based on this assumption, RN only needs to obtain R-UE’s serving MME information when deciding HO type. The following sections focus on standardization impact and complexity involved when HO type decision is made by RN and DeNB respectively.
2.2. Possible Solutions
Option-1: HO type decision made by RN;
From the relay’s point of view the only MME it belongs to is the DeNB. The actual NNSF for UEs is however implemented in DeNB. The relay couldn’t know which MME serving the UE. According to whether RN knows GUMMEI of R-UE’s MME or not, Option-1 can be classified into the following two sub-items:
Option-1a: RN acquires all necessary information, so doesn’t lie on DeNB’s second judgement. To achieve this goal, RN needs to know whether X2 interface is established between DeNB and target eNB, and MME information the target cell belonging to, and serving MME information of R-UE. With regard to how RN obtains the MME information of R-UE, the following two scenarios should be considered:
Case 1：UE initially connected to RN
Case 2：UE connected to RN via HO
For Case 1, GUMMEI info shall be included in corresponding DL S1-AP message, to inform RN about serving MME of R-UE. Since DeNB is aware of the MME serving R-UE, it can append GUMMEI IE when forwarding S1-AP Initial UE Context Setup Request. For Case 2, if R-UE is handed over to RN from other eNB via S1 interface, the S1-AP Handover Request sent to RN shall carry GUMMEI info. For X2 handover case, since X2-AP Handover Request already contains GUMMEI IE, no standardization impact is need for this message.
Option-1a has no impact on MMEs. When R-UE is performing handover, if target cell is in the stored neighbouring cell list, and MMEs of R-UE and target eNB are within the same MME Pool, RN can initiate X2 HO, otherwise S1 HO. In brief, with option-1a, RN can determine HO type independently.
Option-1b：RN obtains X2 interface connectivity, but doesn’t know GUMMEI of R-UE’s serving MME. If RN makes a wrong decision, DeNB responds failure information, and then RN changes its choice. If target eNB doesn’t admit UE to access to, it will also respond Handover Preparation Failure message to RN.  So when receiving a handover failure message, RN can not make sure whether it chooses a wrong HO type, or target eNB rejects this handover. As an optimization, if RN chooses the wrong HO type, DeNB can respond a Handover Preparation Failure message with a proper cause value, e.g. “HO type mismatch”, and then RN changes HO type. This solution needs to introduce a new cause value when handover fails. The burden option-1b brings lies mainly on error probability when RN chooses HO type. 
Option-2: HO type decision made by DeNB; 
RN chooses HO type firstly and then DeNB adjusts RN’s decision. On reception of handover request from RN, for example, X2-AP Handover Request message, DeNB should check whether the serving MME of R-UE and target eNB are within the same MM pool. If RN chooses the correct handover type, DeNB does not need to change handover type, and then forwards this X2-AP Handover Request to target eNB. Otherwise it shall convert the received X2-AP to S1-AP Handover Required. And in the return direction, DeNB shall convert S1-AP Handover Command to X2-AP Handover Request Ack. From our view of point, this behaviour goes beyond proxy functionality. When converting AP message, DeNB may be unaware of certain information. For example, when DeNB converts X2-AP Handover Request to S1-AP Handover Required, it shall fill in TAI of target cell. R-UE can report detected TAIs to serving RN, but DeNB may not acquire this information, which can lead to handover failure. In view of S1-AP/X2-AP message extension in future release, there will be more IEs that DeNB is unaware. Option-2 mandates DeNB to convert AP message, and bring more complexity to DeNB. At the same time, handover delay is increased. 
In summary, with option-2, DeNB needs to convert X2-AP to S1-AP message and vice versa. More complexity and handover delay can be foreseen.
2.3. Comparison and Conclusion
For Option-1, it is consistent with current design principle of handover procedure, i.e. source node determines the HO type. If DeNB determines handover type instead of RN, say option-2, it should convert S1-AP to X2-AP, or X2-AP to S1-AP. This will bring more complexity and HO delay without question. Once DeNB can not fill in some IE(s), handover may fail. So, we put forward the following proposal:
Proposal 1：If source node is RN, handover type decision is made by RN.
With regard to option 1b, if RN adjusts HO type depending on failure indication from DeNB, handover delay will be increased without question. Upon reception of handover request from RN, DeNB always needs to check the HO type, which will bring burden to DeNB. On the other hand, it is not difficult for RN to get R-UE’s MME information. So we propose to add GUMMEI IE into corresponding DL S1-AP message, including Initial Context Setup Request message and S1-AP Handover Request message. When forwarding these messages, DeNB can append the GUMMEI IE。Although some standardization work needs to be done, we think it is an acceptable solution with a low cost, and will not bring impact on existing MMEs.
Proposal 2: Add a new IE, GUMMEI, in Initial Context Setup Request and S1-AP Handover Request messages to let DeNB inform RN about R-UE’s serving MME.
3. Summary
According to the presentation in section two, it is proposed:
Proposal 1: If source node is RN, handover type decision is made by RN.
Proposal 2: Add a new IE, GUMMEI, in Initial Context Setup Request and S1-AP Handover Request messages to let DeNB inform RN about R-UE’s serving MME.
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