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1.
Introduction

For non-UE associated procedures of S1/X2AP, there are following Class 1 procedures.
· X2AP: Reset

· X2AP: X2 Setup

· X2AP: eNB Configuration Update
· X2AP: Resource Status Reporting Initiation
· X2AP: Mobility Settings Change
· X2AP: Cell Activation
· S1AP: Reset
· S1AP: S1 Setup
· S1AP: Write-Replace Warning
· S1AP: Kill
For X2AP non-UE associated procedures, Reset, X2 Setup and eNB Configuration Update are non cell related procedures, and Resource Status Reporting Initiation, Mobility Settings Change and Cell Activation are cell related procedures.
For S1AP non-UE associated procedures, Reset and S1 Setup are non cell related procedures, Write-Replace Warning and Kill are cell related procedures.

Recently, there is a conclusion that the non-UE associated S1/X2AP procedures should be terminated at DeNB. In this paper, we will address a common understanding for dealing with these procedures on multi-hop signaling path.
2.
Discussion
2.1 Possible Solutions
There are two possible solutions to deal with the procedure involving multi-hop processing.

a) The interim DeNB replies to original node directly without waiting for response from target node.
b) The interim DeNB does not reply to original node until all of responses from target node(s) are received.
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Figure 1: Solution a)
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Figure 2: Solution b)
2.2 Non-cell related procedure handling
For non-cell related procedure, it is proposed to use solution a) when it is performed for more than one hop.

For example, when the RN initiates an X2 Setup procedure, DeNB will try to initiate an eNB Configuration Update procedure towards MME, to update the related information which looks like that the DeNB configuration data was changed. Actually, before eNB Configuration Update is initiated, the X2 interface between RN and DeNB has been established, and the result of eNB Configuration Update, i.e. successful or not, will not impact the established X2 interface. Therefore, the X2 Setup Response can be sent by DeNB without waiting for the completion of eNB Configuration Update.
X2AP Reset procedure is used to reset all of the UE contexts in one node. When the RN initiates a Reset procedure, DeNB should not initiate another Reset procedure and instead to initiate an UE associated procedure, such as Handover Cancel. With the same principle, whatever the result of the UE associated procedure is, the UE contexts in RN and DeNB shall be deleted. As a conclusion, DeNB can reply to RN with a Reset Acknowledge message after UE contexts and resources are cleared in it.
S1AP Reset procedure is not only used to reset all of the UE contexts in one node, but also used to reset a subset of UE contexts. If MME initiates a Reset procedure towards DeNB to remove some UE contexts, and a part of UE contexts are involved in RN. DeNB will delete the corresponding UE contexts upon Reset Request message received and response MME immediately without considering whether the related UE contexts would be deleted in RN(s) correctly or not.

Conclusion 1: Solution a) is suitable for non-cell related non-UE associated procedure in Relay.

2.3 Cell related procedure handling
Resource Status Reporting Initiation is used to trigger some measurements in target node. If the procedure is initiated by an RN and terminated at an eNB, it is clear that the result of the procedure which was performed between DeNB and target eNB will impact the content of response message from DeNB to source RN.
Write-Replace Warning and Kill procedure are performed in all cells indicated by Warning Area List and they are also cell related procedures. The Write-Replace Warning Response message includes a Broadcast Completed Area List IE which should be filled after the warning message is broadcasted at all of the cells. The Kill Response message includes a Broadcast Cancelled Area List and it is used to indicate the areas where broadcast was stopped successfully.
According to the discussion, for the cell related procedure, response message should be replied to source node after other response message(s) arrived from the second hop(s). The DeNB should reply response message for the first hop according to the result of the second hop implementation. Especially in the case when the target cells belong to several RNs which are controlled by the same DeNB, the result for every hop between RNs and DeNB will impact the final response message sent to source node. Apparently, cell related procedure is suitable for solution b).
It seems that solution b) will introduce more delay for the whole procedure. All of the cell-related procedures are required to extend the supervision timer for response message.
Conclusion 2: Solution b) is suitable for cell related non-UE associated procedure in Relay.

2.4 Error Indication
In the previous meetings, Error Indication handling is still open. By using non-cell related and cell related conceptions, Error Indication procedure can be dealt with in same way.
For a non cell related procedure, Error Indication can be terminated locally if occurred. As the example in Figure 3, if eNB finds some problems in the received eNB Configuration Update message, it will reply an Error Indication message to DeNB. The error occurs in this hop will not impact the X2 Setup procedure between RN and DeNB.
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Figure 3: Error Indication in non-cell related procedure
For a cell related procedure, Error Indication will result in different handling in other hops. For example in Figure 4, if RN finds problem in received Write-Replace Warning Request message, it will reply an Error Indication message to DeNB. Since DeNB is suspending the response message towards MME and waiting for the response message from RN, it can reply to eNB by a Write-Replace Warning Response message and without including the warning area for this RN in the response message. Then the MME can decide whether a new procedure would be re-initiated.
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Figure 4: Error Indication in cell related procedure
3.
Conclusion

It is concluded that for S1/X2-AP non-UE associated procedures, they could have different handling according to their type.

· For non cell related procedures, the result of every hop does not need to be coordinated. Solution a) is suitable for this type of procedures. 
· For cell related procedures, the result of next hop will impact the response message sent back in the former hop. Solution b) is the suitable one for this type of procedures. But the implementation of solution b) needs to modify the timer for supervision of the procedure. It will be achieved by implementation.

The FFS for Error Indication handling can also be resolved according to the conclusion.

If the conclusions above are agreed by RAN3, we propose to modify stage-2 specification in document R3-10xxxx for X2AP procedures and a further CR will be done on S1AP procedures as below.

Proposed Modification based on R3-102999.

4.7.4
S1 and X2 control plane aspects

The S1 control plane protocol stacks for supporting relaying are shown in 4.7.4-1. There is one S1 interface relation between the RN and the DeNB, and there is one S1 interface relation between the DeNB and each MME in the MME pool. The DeNB processes and forwards all S1 messages between the RN and the MMEs for all UE-dedicated procedures. The processing of S1-AP messages includes modifying S1-AP UE IDs and GTP TEIDs but leaves other parts of the message unchanged. 
All non-UE-dedicated S1-AP procedures are terminated at DeNB, and handled locally between the RN and the DeNB, and between the DeNB and the MME(s). Upon reception of an S1 non-UE-dedicated message from a MME, the DeNB may trigger corresponding S1 non-UE-dedicated procedure(s) to the RN(s). If more than one RN are involved in cell related non-UE associated procedure, the DeNB wait and aggregate the response messages from all involved RNs before responding to the MME. Upon reception of an S1 non-UE-dedicated message from a RN, the DeNB may trigger associated S1 non-UE-dedicated procedure(s) to the MME(s) for cell related non-UE associated procedure. In case of the non cell related procedure, the DeNB does not need to wait the response message(s) from the MME(s) or RN(s) before the DeNB responds  to the originating node.
The X2 control plane protocol stacks for supporting relaying are shown in 4.7.4-2. There is one X2 interface relation between the RN and the DeNB, and there is one X2 interface relation between the DeNB and every other eNB that the DeNB has an X2 relationship with. The DeNB processes and forwards all X2 messages between the RN and other eNBs for all UE-dedicated procedures. The processing of X2-AP messages includes modifying X2-AP UE IDs and GTP TEIDs but leaves other parts of the message unchanged.

All non-UE-dedicated X2-AP procedures are terminated at the DeNB, and handled locally between the RN and the DeNB, and between the DeNB and other eNBs. Upon reception of an X2 non cell related non-UE-associated message from RN or neighbour eNB, the DeNB sends the response message, and may trigger associated non-UE-dedicated X2-AP procedure(s) to the neighbour eNB(s) or RN(s). Upon reception of an X2 cell related non-UE-dedicated message from RN or neighbour eNB, the DeNB may pass associated information to the neighbour eNB or RN(s) based on the included cell information. If one or more RN(s) are involved, the DeNB wait and aggregate the response messages from all involved nodes to respond to the originating node. Further, parallel Cell Activation procedures are not allowed on each X2 interface instance. The processing of Resource Status Reporting Initiation/ Resource Status Reporting messages includes modification of measurement ID.
The S1 and X2 interface signalling packets are mapped to radio bearers over the Un interface.
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