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1. Introduction
At RAN3#68, Handover message routing for relay was discussed based on [1] and identified as an open issue. This paper discusses possible alternatives and proposes the solution for relays. 
2. Discussion
S1/X2 handover message routing schemes defined in Rel-8/9 are shown in Table 1. For S1 handover between macro eNBs, target eNB ID is used for the handover message routing from the MME to the target eNB. Same routing scheme is utilized for the HeNB directly connected to the MME. In case of the HeNB-GW deployed architecture, the handover message is routed from the MME to the HeNB-GW based on TAI. With this approach, a Tracking Area is managed by a single HeNB-GW, so that the HeNB-GW can be identified by the TAI. From the HeNB-GW to the target HeNB, the handover message is routed based on the target E-CGI which is equivalent to the Home eNB ID. The reason for the different approach is due to the fact that the MME is not aware of the eNB ID of the HeNB in the HeNB-GW deployed architecture. 
For relays, there exists the same issue in the agreed architecture, since the DeNB provides S1/X2 proxy functionality between the RN and other network nodes [2]. Thus, the S1 handover message routing from the MME to the RN via the DeNB needs to be investigated.
For X2 handover between macro eNBs, target E-CGI is used for the source eNB to send the handover message to the target eNB. Since X2 interface association is proxyed by the DeNB, how the X2 handover message is forwarded to the RN via the DeNB needs to be clarified.
Table1: Handover message routing schemes in E-UTRAN
	#
	Between macro eNBs
	From eNB to HeNB via HeNB-GW
	From eNB/RN to RN via DeNB

	S1 handover
	eNB ID based
	TA based (from MME to GW)
E-CGI based (from GW to HeNB)
	[TBD]

	X2 handover
	E-CGI based
	N/A
	[TBD]


2.1. S1 handover
For S1 handover message routing, following alternatives were identified in the last meeting: 
Alternative 1

TA based routing
Likewise the HeNB-GW deployed architecture, the MME identifies the DeNB to which the target RN is connected utilizing TAI of the target and issues the (S1) HANDOVER REQUEST message to the DeNB. Upon receipt of the message, the DeNB looks up the target E-CGI in the source eNB to target eNB transparent container and identifies the target RN to forward the (S1) HANDOVER REQUEST message. 
This approach seems to be straightforward, since the DeNB behaviour as abovementioned would be similar to the HeNB-GW function [3]. It is thought that the signalling and procedures defined for the HeNB-GW deployed architecture in Rel-9 can be reused. However, to enable this, a unique TAI has to be assigned to the DeNB. In other words, a Tracking Area has to be composed of only the cells served by a single DeNB and RNs connected to the DeNB. Since one Tracking Area typically covers wider area which encompasses the cells served by multiple eNBs, this approach forces operators to redesign Tracking Areas where relays are deployed. Therefore, other approach which has less operational restriction is strongly desirable from operator’s point of view. 
Alternative 2

DeNB ID based routing [1]

The MME issues the (S1) HANDOVER REQUEST message to the DeNB with knowledge of the eNB ID of the DeNB to which the target RN is connected. For the MME to know the DeNB ID, it is delivered as the target ID in the HANDOVER REQUIRED message from the source eNB/RN. Hence, the source eNB/RN has to acquire the DeNB ID somehow. How the DeNB forwards the (S1) HANDOVER REQUEST message is the same as Alt. 1. 
As explained above, the DeNB ID acquisition by the source node is required and needs to be investigated on its complexity. To do this, the DeNB ID has to be contained in the NRT if the target cell is served by the RN. This NRT can only be managed by the O&M system unless the ANR function is modified for the UE to report the DeNB ID. To enable the ANR support, the RN has to broadcast the DeNB ID in the SI message. Even for the O&M support, it is expected to be cumbersome assuming a large number of RNs deployment and configuration changes. 
Alternative 3

RN eNB ID based routing
The MME identifies the DeNB to which the (S1) HANDOVER REQUEST message is sent from the eNB ID of the RN. To do this, following two approaches can be considered: 
Alternative 3.1

The MME stores the RN eNB ID [1].
The MME maintains mapping of the RN eNB ID and the DeNB to which the RN connects for routing purpose. The DeNB informs the MME about the RN eNB ID by e.g., (S1) eNB Configuration Update when the RN attaches to the DeNB. 
With this approach, the MME has to manage RN related information. In addition, the RN eNB ID needs to be included in the (S1) ENB CONFIGURATION UPDATE message on the S1 interface between the MME and the DeNB. This implies that the MME must be upgraded for the support of relays. Since the requirement on minimization of the CN impact was agreed during the SI phase, other approach which is aligned with the agreed requirement is desirable. 
Alternative 3.2

The same eNB ID as the DeNB is assigned to the RN.
Since the same eNB ID is assigned to the RN and the DeNB, the (S1) HANDOVER REQUEST message is routed to the DeNB as well as routing to macro eNB defined in Rel-8/9. Thus, Rel-8/9 signalling and procedures can be fully reused. This principle on the ID assignment seems to be straightforward, since the cells served by the RN look like the cells served by the DeNB from other nodes. The eNB ID assignment to the RN can be done by e.g., pre-configuration or O&M. 
From the above analysis, Alt. 3.2 is the simplest and easiest approach fulfilling the requirement to minimize the CN impact. In conclusion, the following is proposed: 
Proposal
RN eNB ID based routing should be used for relays. The same eNB ID as the DeNB should be assigned to the RN.
2.2. X2 handover

With the proposed approach as abovementioned, since the cells served by the RN look like the cells served by the DeNB, the (X2) HANDOVER REQUEST is sent to the DeNB based on the target E-CGI and forwarded to the RN via the DeNB. To do this, RN’s cell information is informed neighbour eNBs as DeNB’s served cells by (X2) eNB Configuration Update when the RN attaches to the DeNB and establishes X2 interface between the DeNB and the RN. 
3. Summary and proposal
This paper discussed handover message routing schemes for relays. In summary, the following proposal was made: 
Proposal
RN eNB ID based routing should be used for relays. The same eNB ID as the DeNB should be assigned to the RN.
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