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1 Introduction 

At RAN3#68 the issue of how to choose handover type for a RN was raised, according to the type of connection the RN’s DeNB has to the target eNB (S1 or X2). We will analyze and discuss three possible solutions for the case where the RN is the source.
2 Proposed solutions
We assume that the RN keeps an internal table of X2 relations to eNBs. In this way, once it has information about connections to all its neighbors, it will be able to autonomously select the most appropriate handover type.
Proposal 1: For each eNB it is aware of, the RN keeps track of whether X2 is present and selects the most appropriate handover type.
We will now discuss three possible ways to “populate” the RN’s table of X2 connections: using X2 setup / configuration update procedures, monitoring X2 handover failure, or handover translation through the DeNB.
2.1 Extend Existing X2 Procedures
During X2 interface setup between RN and DeNB, the DeNB could send to the RN the list of eNBs (Global eNB IDs) with which it has set up X2. For this purpose, an appropriate IE could be added to the X2 SETUP REQUEST / X2 SETUP RESPONSE messages (in principle, X2 setup could be initiated by the RN or by the DeNB), as well as to the eNB CONFIGURATION UPDATE message (to be used by the DeNB to communicate updates to the X2 connections list). 

The advantage to this solution is that the RN would have a constantly updated picture of X2 connectivity to its neighbors, but the disadvantage is that a new IE is needed.
2.2 Try X2 Handover, Monitor Failure

When a handover is required, the RN should look into its X2 connection table and determine the most appropriate handover type (S1 or X2). If it is unknown whether X2 to the target eNB is available (e.g. immediately after RN startup, when the table is empty), the RN could try X2 handover (using the procedure captured in [1]). The RN could then monitor its outcome as described below, and update its X2 connections table accordingly.
If X2 to the target eNB is present, the DeNB forwards the messages as usual over X2 and a normal X2 handover will take place. The RN notices the normal completion of the X2 handover and interprets this as confirmation that X2 connectivity to the target eNB is present. The RN can then update its X2 connections table accordingly.

If the DeNB has no X2 to the target eNB, it could send back X2-AP HANDOVER PREPARATION FAILURE to the RN, with an appropriate cause value (possibly a new cause value might be needed). The RN would interpret this as a sign that there is no X2 to the target eNB and update its X2 connections table accordingly.

The advantage in this case is that no new IEs are needed (possibly only a new cause value for X2 handover failure), but the disadvantage is that the first handover toward an eNB that has no X2 will always fail.
2.3 Try X2 Handover, DeNB Translates Procedure

As in the previous solution, when the RN has no information, it always tries X2 handover first, monitors its outcome, and updates its X2 connections table accordingly.
If X2 to the target eNB is present, the DeNB can forward the messages as usual over X2 and a normal X2 handover will take place. The RN can notice the normal completion of the X2 handover and interpret this as confirmation that X2 connectivity to the target eNB is present. The RN can then update its X2 connections table accordingly.

If the DeNB has no X2 to the target eNB, it can send S1-AP HANDOVER REQUIRED to the MME and proceed with a normal S1 handover to the target eNB. The RN will eventually receive the S1 handover response from the MME via the DeNB, and it can interpret this as a sign that there is no X2 to the target eNB. At this point the S1 handover will carry on as usual, and the RN can then update its X2 connections table accordingly (see Figure 1 below).
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Figure 1 Updating the X2 connection table in the RN.

In this case, the advantage is that the RN has an updated “picture” of all the X2 connections to its neighbors without the need to change existing protocols or to have the first X2 handover fail; the disadvantage is the higher complexity at the DeNB.

It is worth noting that this solution requires transposing an X2 handover procedure to an S1 handover procedure by the DeNB. Therefore the DeNB needs to be able to map the X2 HANDOVER REQUEST message it receives from the RN into the S1 HANDOVER REQUIRED message it sends to the target eNB.
3 Conclusion and proposals
We have shown that it is possible for the RN to keep track of the presence of X2 connections to neighboring eNBs. We ask that RAN3 discusses and decides on the following proposals:
Proposal 1: For each eNB it is aware of, the RN keeps track of whether X2 is present and selects the most appropriate handover type.

Proposal 2: Evaluate the solutions described above for a possible way forward.
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