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1 Introduction 

The last RAN3 meeting discussed Automatic Neighbour Relations (ANR) function, X2 setup and handover type determination for relay nodes. This contribution addresses the entire Self-configuration procedure for neighbour relation, from discovery of an unknown cell by a UE to a well defined neighbour relation including determined X2 availability. Moreover, existing signalling can be used to compile an adequate Self-configuration signalling flow.

2 Self-configuration Procedures Involving Relay Nodes
The ANR function is based on neighbour cell information (PCI, ECGI, TA) provided by a UE to its serving eNB. This initial step is referred to as UE ANR in the sequel.
The ANR function for relay nodes was discussed in [4] [5] with the proposals 

· The broadcasted E-CGI from cells served by the RN should include the eNB ID of the DeNB.

· The ANR function for relay nodes can be based on the existing signalling means.

This means that S1AP messages for TNL address recovery are routed correctly. Moreover, the X2 availability/handover type determination is addressed in [6]

 REF _Ref269300125 \w \h 
[7]

 REF _Ref269300127 \w \h 
[8]

 REF _Ref269300128 \w \h 
[9]

 REF _Ref269300131 \w \h 
[10]

 REF _Ref269300135 \w \h 
[11]by proposals concerning dedicated interpretations of existing IEs or new IEs in X2AP messages originating from DeNB to the RN in order to inform about X2 availability. This discussion is summarized in [3] and the associated offline material.
However, since X2 availability is closely related to the automatic neighbour relation and X2 setup procedures, it is natural to consider also X2 availability determination. Therefore, we extend the Self-configuration procedures in [4] with suitable X2AP messages between DeNB and RN to indicate X2 availability. The ambition is to maintain the existing IE interpretation and instead use a source eNB indication pointing at the neighbour eNB instead of the DeNB in the X2AP messages.

Four cases are considered:
1 Neighbour eNB discovers RN via UE ANR

a. X2 is established between Neighbour eNB and DeNB
b. X2 is not established between Neighbour eNB and DeNB

2 RN discovers Neighbour eNB via UE ANR

a. X2 is established between Neighbour eNB and DeNB

b. X2 is not established between Neighbour eNB and DeNB

These cases are illustrated by Fig.1, where X2 is established between DeNB1 and eNB1 but not between DeNB1 and eNB2, and RN1 has no neighbour relations with cells served by neither eNB1 nor eNB2. Furthermore, it is assumed that the eNB ID of RN1 is the eNB ID of DeNB1.
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Figure 1 Deployment example.
2.1 Neighbour eNB discovers RN via UE ANR

2.1.1 X2 is established between Neighbour eNB and DeNB
In this case, DeNB has already informed the neighbour eNB (eNB1 in Figure 1) about the RN and its served cells either at RN startup (via X2AP eNB Configuration Update), or when X2 was established (via X2AP X2 Setup Request). Therefore, when neighbour eNB discovers a cell served by RN, it can directly initiate handover preparations via X2AP as illustrated by Figure 2.  The X2: Handover Request contains target cell ECGI, DeNB concludes that the cell is served by RN and forwards the Handover Request to RN. This means that RN is made aware of neighbour eNB and the X2 availability. 
This alternative can thus be handled by existing signaling and behavior.
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Figure 2 A neighbouring eNB (eNB1) discovers a cell served by RN1. Since X2 is already established between DeNB1 and eNB1, RN1 discloses X2 availability from a handover request from eNB1 over X2AP, forwarded by DeNB1.  
2.1.2 X2 is not established between Neighbour eNB and DeNB

This case is essentially analogous to the case when X2 has been established, except for the required X2 establishment steps. Since X2 is not established, the neighbour eNB (eNB2 in Figure 1) initiates TNL address recovery via S1 towards DeNB (RN eNB ID is the same as DeNB eNB ID) as seen in Figure 3. Finally, when X2 TNL establishment, including SCTP establishment, between neighbour eNB and DeNB is completed, served cell information is shared between the eNBs using X2AP, X2 Setup Request/Response. Similar to the case when X2 was already established, the RN is not informed about the X2 availability until neighbouring eNB initiates handover preparations via X2AP. 

If the X2 establishment is prohibited or fails, then S1 signaling is used instead. This alternative can thus also be handled by existing signaling and behavior.
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Figure 3 A neighbouring eNB (eNB2) discovers a cell served by RN1. First, X2 establishment is initiated, and if successful, X2 can be used for subsequent handover preparations. This means that RN1 discloses X2 availability from a handover request from eNB2 over X2AP, forwarded by DeNB1. 
2.2 RN discovers Neighbour eNB via UE ANR
2.2.1 X2 is established between Neighbour eNB and DeNB
The UE ANR function provides the eNB ID of the neighbouring eNB (eNB 1 in Figure 1). This is used in a SON Information Transfer IE in the S1AP eNB Configuration Transfer from RN to DeNB, intended to be forwarded to the MME and further on to the neighbouring eNB to recover its TNL address. However, as illustrated by Figure 4, the DeNB concludes that the TNL address recovery procedure can be terminated since X2 is established. 
Instead DeNB compiles an X2AP X2 Setup Request message on behalf of the neighbouring eNB, containing all its details. Seemingly, the message could have originated from the neighbouring eNB itself, and the Global eNB ID is the eNB ID of the neighbouring eNB. Note that the X2 connection between the DeNB and the RN is not affected. Signaling a X2AP X2 Setup Request on behalf of the neighbouring eNB, indicating the Global eNB ID of the neighbour eNB, is only a means to exchange information using the existing X2 connection between DeNB and RN. 
Alternatively, the DeNB could compile an X2AP eNB Configuration Update to RN on behalf of the neighbouring eNB. However, this is less intuitive, since the RN has to disclose the message origin in terms of the eNB ID from the ECGIs in the Served Cell Information IE. These messages can also be compiled if X2 is established at a later stage.
This alternative can be solved using existing signaling, but two new behaviors are needed:

· Proposal 1: DeNB terminates an initiated TNL address recovery over S1AP indicating the eNB ID of a neighbouring eNB by the RN if X2 is available between DeNB and the neighbouring eNB .

· Proposal 2: DeNB stores information about a TNL address recovery to a neighbouring eNB  initiated by RN, and compiles an X2AP X2 Setup Request (or X2AP eNB Configuration Update) to the RN on the behalf of the neighbouring eNB , including all details about the neighbouring eNB , if X2 is, or when it becomes, available between DeNB and neighbouring eNB . 
Optionally, DeNB may compile a SON Information Transfer IE in a MME Configuration Transfer to RN, including the TNL address of the neighbouring eNB.
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Figure 4. RN1 discovers a cell served by a neighbouring eNB (eNB1 in Figure 1), and initiates TNL address recovery. Since X2 is already established between DeNB1 and eNB1, DeNB1 compiles a X2AP eNB X2 Setup message to RN1 (including the Global eNB ID of eNB1 and all its details) on behalf of eNB1. This is used by RN1 to disclose X2 availability.
2.2.2 X2 is not established between Neighbour eNB and DeNB
The UE ANR function provides the eNB ID of the neighbouring eNB (eNB2 in Figure 1). This is used in a SON Information Transfer IE in the S1AP eNB Configuration Transfer from RN to DeNB, and forwarded first to the MME and then to the neighbouring eNB, see Figure 5. The indicated source eNB is already the eNB ID of the DeNB since it is equal to the RN eNB ID. The neighbouring eNB responds with its TNL address, and DeNB and neighbouring eNB initiates X2 TNL establishment. 

If The X2 TNL establishment, including SCTP establishment, is successful, the DeNB and neighbouring eNB exchange information using X2AP X2 Setup Request/Response. DeNB compiles an X2AP X2 Setup Request message on behalf of the neighbouring eNB, containing all its details. Seemingly, the message could have originated from the neighbouring eNB itself, and the Global eNB ID is the eNB ID of the neighbouring eNB. This is used by RN1 to disclose X2 availability.

An alternative is that the DeNB forwards the X2AP X2 Setup Response from the neighbouring eNB to the RN to inform about X2 availability as illustrated by Figure 5. However, this is less consistent with how these procedures are used between macro eNBs.
The RN uses S1 to signal to the neighbouring eNB while awaiting X2 TNL establishment or if the X2 TNL establishment fails. 
This alternative can be solved using existing signaling, and a behavior as in Proposal 2.
Optionally, DeNB may forward the MME Configuration Transfer to RN, including the TNL address of the neighbouring eNB.
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Figure 5. RN1 discovers a cell served by eNB2, and initiates TNL address recovery via S1AP. The eNB2 returns its TNL address to the DeNB1 via the MME and, X2 establishment between DeNB1 and eNB2 is iniated. If successful, the DeNB1 and eNB2 exchange information via X2AP X2 Setup Request/Response. Finally, DeNB1 compiles a X2AP eNB X2 Setup message to RN1 (including the Global eNB ID of eNB1 and all its details) on behalf of eNB1. This is used by RN1 to disclose X2 availability.
3 Conclusion and Proposal
The paper considers the entire neighbour relations and Self-configuration procedure for relay nodes, including the X2 availability determination. It is concluded that existing signaling is sufficient to support the self-configuration procedures, but some new behaviors are needed:

· Proposal 1: DeNB terminates an initiated TNL address recovery over S1AP indicating the eNB ID of a neighbouring eNB by the RN if X2 is available between DeNB and the neighbouring eNB.
· Proposal 2: DeNB stores information about a TNL address recovery to a neighbouring eNB  initiated by RN, and compiles an X2AP X2 Setup Request (or X2AP eNB Configuration Update) to the RN on the behalf of the neighbouring eNB , including all details about the neighbouring eNB , if X2 is, or when it becomes, available between DeNB and neighbouring eNB .
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_1342945841.txt
�����RN [label="RN1"], DeNB[label="DeNB1"], NeNB[label="eNB1"], MME[label="MME"];
{ 
                NeNB--NeNB:\-1. UE ANR\n finds eNB_ID_RN1;
                NeNB->DeNB:\-2. X2: Handover Request; 
                DeNB->RN:\-3. Forward X2: Handover Request; 
                RN->DeNB:\-4. X2: Handover Request Ack; 
                DeNB->NeNB:\-5. X2: Handover Request Ack; 
};








_1342951965.txt
�����RN [label="RN1"], DeNB[label="DeNB1"], NeNB[label="eNB1"], MME[label="MME"];
{ 
                RN--RN:\-1. UE ANR\n finds eNB_ID_eNB1;
                RN->DeNB:\-2. S1: eNB Config Transfer; 
                RN<-DeNB:\-3. X2: X2 Setup Request; 
                RN->DeNB:\-4. X2: X2 Setup Response; 
};








_1343024835.txt
�����RN [label="RN1"], DeNB[label="DeNB1"], NeNB[label="eNB2"], MME[label="MME"];
{ 
                RN--RN:\-1. UE ANR\n finds eNB_ID_eNB2;
                RN->DeNB:\-2. S1: eNB Config Transfer; 
                DeNB->MME:\-3. S1: eNB Config Transfer; 
                MME->NeNB:\-4. S1: MME Config Transfer; 
                NeNB->MME:\-5. S1: eNB Config Transfer; 
                MME->DeNB:\-6. S1: MME Config Transfer;
                block NeNB<->DeNB:\-7. X2 TNL Establishment;
                NeNB<-DeNB:\-8. X2: X2 Setup Request;
                NeNB->DeNB:\-9. X2: X2 Setup Response;
                RN<-DeNB:\-19. X2: X2 Setup Request;
                RN->DeNB:\-11. X2: X2 Setup Response;
};








_1342949954.txt
�����RN [label="RN1"], DeNB[label="DeNB1"], NeNB[label="eNB2"], MME[label="MME"];
{ 
                NeNB--NeNB:\-1. UE ANR\n finds eNB_ID_RN1;
                NeNB->MME:\-2. S1: eNB Config Transfer; 
                MME->DeNB:\-3. S1: MME Config Transfer; 
                DeNB->MME:\-4. S1: eNB Config Transfer; 
                MME->NeNB:\-5. S1: MME Config Transfer;
                block NeNB<->DeNB:\-6. X2 TNL Establishment;
                NeNB->DeNB:\-7. X2: X2 Setup Request;
                NeNB<-DeNB:\-8. X2: X2 Setup Response;
                NeNB->DeNB:\-9. X2: Handover Request; 
                DeNB->RN:\-10. Forward X2: Handover Request; 
                RN->DeNB:\-11. X2: Handover Request Ack; 
                DeNB->NeNB:\-12. X2: Handover Request Ack; 
};
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