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1 Introduction 
The way forward for X2-GW support for HeNB was agreed in last RAN3#81bis meeting [1]. Here we focus on the X2 setup failure handling issue.

2 Discussion

2.1 Use cases
According to [1]:
It was agreed during the on-line session of RAN3#81bis to go for the second option and the following agreement was captured:

End-to-end architecture is agreed (routing proxy) i.e. we do not need to terminate the X2AP in the X2GW
Since HeNB will be configured with the IP@ of the connected X2-GW, we can assume that HeNB registers with the connected X2-GW using new registration message after power on. After registration on the X2-GW, the X2-GW can maintain the mapping table of the RNL ID and IP@ of connected HeNBs, which can be used for the subsequent X2AP message routing.
When the HeNB finds a new neighbour cell of the eNB and indirect X2 connection needs to be established, the HeNB can initiate X2 SETUP procedure to the connected X2-GW including the target eNB ID directly in order to avoid unnecessary TNL discovery procedure. 
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There are kinds of failure cases need to be considered:
1) No mapping info about the RNL ID and IP@ of the target eNB exists in X2-GW
Since the configuration of X2-GW IP@(s) in eNB is optional and the X2-GW IP@ may be not configured in eNB, the eNB may won’t register on the X2-GW after powering on. On the other hand, when a HeNB discovers an eNB cell, the eNB may have’t found a HeNB cell connected with the same X2-GW and triggered the TNL address discovery procedure to obtain the X2-GW IP address and registered on the X2-GW. Furthermore, when a new X2-GW is introduced, it is possible that the eNB can not do pre-register on the new X2-GW immediately due to operation policy and configuration delay. As a result, unlike the case of HeNB, the time of registration for eNB on X2-GW is optional and uncertain. 
Therefore, when the HeNB discovers an eNB cell and indirect X2 connection is decided to be established, it is possible that the eNB hasn’t registered on the X2-GW yet. If the X2-GW doesn’t have the routing information of the target eNB when receiving the X2 SETUP REQUEST message from HeNB, the X2-GW can’t route the X2 SETUP REQUEST message towards eNB. In this situation, X2 SETUP failure will happen.
In this case, when the HeNB receives the X2 SETUP failure message, the possible subsequent handling is listed as below:
Option 1-1): The HeNB indicates the X2-GW’s IP@ in the TNL address discovery procedure to the eNB. And then the eNB may register on the X2-GW based on the X2-GW’s IP@ if Register procedure is needed on the eNB side. The mapping info about the RNL ID and IP@ of the connected eNB will be stored on the X2-GW. Else, the eNB can initiate the X2 SETUP procedure with the HeNB directly.
Option 1-2): The HeNB initiates TNL address discovery procedure to obtain the eNB IP@, and then transfers the eNB IP@ to the X2-GW which can avoid the eNB performing the Registration.
After the mapping info about the RNL ID and IP@ of the target eNB have been stored in X2-GW by the above optional handling, the X2 SETUP procedure between the source HeNB and the target eNB can perform successfully.

Therefore, new cause in X2 SETUP FAILURE message is needed. For example:
	Signalling Connection not Available
	The signalling connection is temporarily not available, e.g., no mapping info about the RNL ID and IP@ of the target eNB exists.


2) SCTP breaking between eNB and X2-GW

Due to some reason, X2 SCTP connection breaks abnormally between eNB and X2-GW. When X2-GW receives the X2 SETUP REQUEST message, it will send X2 SETUP failure response to the source node.

In this case, when the HeNB receives the X2 SETUP failure message, the HeNB shall wait at least for the indicated time before reinitiating the X2 Setup procedure towards the same eNB via X2-GW.

It has already been covered by the current specification.
3) X2 connection is not allowed between eNB and X2-GW
When a HeNB discovers a eNB cell, it has no idea on whether the eNB is allowed to connect with the same X2-GW or not, especially, when the HeNB is deployed on the overlapping area of multiple eNBs.
In this case, when the HeNB receives the X2 SETUP failure message, the possible subsequent handling is listed as below:
Option 3-1): The HeNB indicates the X2-GW’s IP@ in the TNL address discovery procedure to the eNB. And then the eNB compares the indicated X2-GW’s IP@ with local allowed X2-GW(s)’s configuration information. If the HeNB and the eNB connect to different X2-GWs, the eNB shall notify the HeNB that proxy X2 connection via the indicated X2-GW is not allowed.

Option 3-2): The HeNB initiates TNL address discovery procedure to obtain the eNB IP@, and then transfers the eNB IP@ to the X2-GW in order to trigger the Registration between X2-GW and eNB. On the other hand, if allowed, the eNB can use the indicated X2-GW’s IP@ of HeNB to trigger the Registration between eNB and X2-GW. If the Register procedure is failure, the X2-GW shall notify the HeNB that the proxy X2 connection is not allowed between the HeNB and the eNB.
As a sequence, the HeNB will not trigger the X2 SETUP procedure towards the eNB again via the X2-GW which the HeNB connects with and unnecessary X2 SETUP messages can be avoided.
Furthermore, if other HeNB(s) connects with the same X2-GW finds a cell of the same eNB, because the X2-GW has known that no X2-GW based X2 connection is allowed towards the eNB, the X2-GW can send the X2 SETUP FAILURE with the same failure cause value.

Therefore, new cause in X2 SETUP FAILURE message is needed. For example:
	Signalling Connection not Allowed
	The signalling connection is not allowed.


2.2 Causes
According to the above analysis, different failure handling is performed on different causes in X2 SETUP failure, it is necessary to define and refine the cause values corresponding to different cases.

The meaning of the different cause values is described in the following table in TS36.423. New causes need to be added as below. According to TS, in general, "not supported" cause values indicate that the concerned capability is missing. On the other hand, "not available" cause values indicate that the concerned capability is present, but insufficient resources were available to perform the requested action.                                              

Table1:
	Radio Network Layer cause
	Meaning

	Cell not Available
	The concerned cell is not available.

	Handover Desirable for Radio Reasons
	The reason for requesting handover is radio related.

	Handover Target not Allowed
	Handover to the indicated target cell is not allowed for the UE in question

	Invalid MME Group ID
	The target eNB doesn’t belong to the same pool area of the source eNB i.e. S1 handovers should be attempted instead.

	No Radio Resources Available in Target Cell
	The target cell doesn’t have sufficient radio resources available.

	Partial Handover
	Provides a reason for the handover cancellation. The target eNB did not admit all E-RABs included in the HANDOVER REQUEST and the source eNB estimated service continuity for the UE would be better by not proceeding with handover towards this particular target eNB.

	Reduce Load in Serving Cell
	Load on serving cell needs to be reduced.

	Resource Optimisation Handover
	The reason for requesting handover is to improve the load distribution with the neighbour cells.

	Time Critical Handover
	handover is requested for time critical reason i.e. this cause value is reserved to represent all critical cases where the connection is likely to be dropped if handover is not performed.

	TX2RELOCoverall Expiry
	The reason for the action is expiry of timer TX2RELOCoverall.

	TRELOCprep Expiry
	Handover Preparation procedure is cancelled when timer TRELOCprep expires.

	Unknown MME Code
	The target eNB belongs to the same pool area of the source eNB and recognizes the MME Group ID. However, the MME Code is unknown to the target eNB.

	Unknown New eNB UE X2AP ID 
	The action failed because the New eNB UE X2AP ID is unknown.

	Unknown Old eNB UE X2AP ID
	The action failed because the Old eNB UE X2AP ID is unknown.

	Unknown Pair of UE X2AP ID
	The action failed because the pair of UE X2 AP IDs is unknown.

	Encryption And/Or Integrity Protection Algorithms Not Supported
	The target eNB is unable to support any of the encryption and/or integrity protection algorithms supported by the UE.

	ReportCharacteristicsEmpty
	The action failed because there is no characteristic reported.

	NoReportPeriodicity
	The action failed because the periodicity is not defined.

	ExistingMeasurementID
	The action failed because measurement-ID is already used.

	Unknown eNB Measurement ID
	The action failed because some eNB Measurement-ID is unknown.

	Measurement Temporarily not Available
	The eNB can temporarily not provide the requested measurement object.

	Load Balancing
	The reason for mobility settings change is load balancing.

	Handover Optimisation
	The reason for mobility settings change is handover optimisation.

	Value out of allowed range
	The action failed because the proposed Handover Trigger parameter change in the eNB2 Proposed Mobility Parameters IE is too low or too high.

	Multiple E-RAB ID Instances
	The action failed because multiple instances of the same E-RAB had been provided to the eNB.

	Switch Off Ongoing
	The reason for the action is an ongoing switch off i.e. the concerned cell will be switched off after offloading and not be available. It aides the receiving eNB in taking subsequent actions, e.g. selecting the target cell for subsequent handovers. 

	Not supported QCI value
	The action failed because the requested QCI is not supported.

	Unspecified
	Sent when none of the above cause values applies but still the cause is Radio Network Layer related.

	Measurement not Supported For The Object
	At least one of the concerned cell(s) does not support the requested measurement.

	Signalling Connection not Available
	The signalling connection is temporarily not available, e.g., no mapping info about the RNL ID and IP@ of the target eNB exists.

	Signalling Connection not Allowed
	The signalling connection is not allowed.


3 Conclusion and proposals
In this paper, we discussed different X2 SETUP procedure failure cases and the corresponding handling. According to the above analysis, it proposes:

Proposal1: It is proposed to define and refine the cause values in X2 SETUP FAILURE message corresponding to different cases on X2-GW deployment.
The corresponding CR[2] is proposed to be approved.
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