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Note:
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-
E-RAB signalling procedures:

-
E-RAB Setup procedure;
-

E-RAB Modification procedure;
-
E-RAB Release procedure;

-
E-RAB Release Indication procedure.

-
Handover signalling procedures;
-
Handover Preparation procedure;

-
Handover Resource Allocation procedure;

-
Handover Completion procedure;

-
Handover Cancellation procedure;

-
eNB Status Transfer;

-
MME Status Transfer.

-
Paging procedure;

-
NAS transport procedure:

-
UL direction (Initial UE Message);

-
UL direction (Uplink NAS transport);

-
DL direction (Downlink NAS transport).

-
LPPa Transport procedures:

-
Downlink UE Associated LPPa Transport procedure;

-
Uplink UE Associated LPPa Transport procedure;

-
Downlink Non UE Associated LPPa Transport procedure;

-
Uplink Non UE Associated LPPa Transport procedure.

-
Error Indication procedure:

-
eNB initiated error indication procedure;

-
MME initiated error indication procedure.

-
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-
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MME initiated Reset procedure.
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-
UE Context Modification procedure;

-
S1 Setup procedure;

-
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-
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-
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-
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-
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-
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-
Direct Information Transfer procedure;

-
eNB Configuration Transfer procedure;

-
MME Configuration Transfer procedure.
-
S1 CDMA2000 Tunnelling procedure:

-
Downlink S1 CDMA2000 Tunnelling procedure;

-
Uplink S1 CDMA2000 Tunnelling procedure.

-
Trace procedures:


-
Trace Start procedure;


-
Trace Failure Indication procedure;


-
Deactivate Trace procedure;

-
Cell Traffic Trace procedure;
-
eNB SON Transfer procedure;

-
MME SON Transfer procedure.
19.2.2.x1
eNB SON Transfer procedure

The eNB SON Transfer procedure is initiated by the eNB to transfer UE related SON information via the core network.
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Figure 19.2.2.x1-1: eNB SON Transfer procedure

-
The eNB SON Transfer procedure is initiated by the eNB by sending the eNB SON TRANSFER message to the MME. The eNB SON TRANSFER message contains UE related SON information (e.g. for handover optimisation).

19.2.2.x2
MME SON Transfer procedure

The MME SON Transfer procedure is initiated by the MME to transfer UE related SON information to the eNB.
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Figure 19.2.2.x2-1: MME SON Transfer procedure

-
The MME SON Transfer procedure is initiated by the MME by sending the MME SON TRANSFER message to the eNB. The MME SON TRANSFER message contains UE related SON information information (e.g. for handover optimisation).

20.2.2
X2-CP Procedures

The elementary procedures supported by the X2AP protocol are listed in Table 20.2.2-1 below:

Table 20.2.2-1: X2-CP Procedures

	Elementary Procedure
	Initiating Message
	Response Message of Successful Outcome
	Response Message of Unsuccessful Outcome
	Description & comments

	Handover Preparation
	HANDOVER REQUEST
	HANDOVER REQUEST ACKNOWLEDGE
	HANDOVER PREPARATION FAILURE
	Used by source eNB to request a handover to the target eNB

	Handover Cancellation
	HANDOVER CANCEL
	
	
	Used by the source eNB to cancel a previously requested handover in a target eNB

	UE Context Release
	UE CONTEXT RELEASE
	-
	-
	Used by the target eNB to signal to source eNB that control plane resources for the handed over UE context can be released.

	SN Status Transfer
	SN STATUS TRANSFER
	-
	-
	Used to manage forwarding of user plane data.

	Error Indication
	ERROR INDICATION
	-
	-
	Used by the eNB to report errors in a received message provided they cannot be reported by an appropriate response message.

	Load Indication
	LOAD INFORMATION
	-
	-
	Used by the eNB to report interference coordination information to its neighbour eNBs.

	X2 Setup
	X2 SETUP REQUEST
	X2 SETUP RESPONSE
	X2 SETUP FAILURE
	Used to exchange necessary configuration data for the eNB to setup the X2 interface.

	eNB Configuration Update
	ENB CONFIGURATION UPDATE
	ENB CONFIGURATION UPDATE ACKNOWLEDGE
	ENB CONFIGURATION UPDATE FAILURE
	Used to update necessary data concerning the configuration of the X2 interface, including indication of cells entering dormant state for energy saving purposes.

	Reset
	RESET REQUEST
	RESET RESPONSE
	-
	Used to completely reset the X2 interface.

	Resource Status Reporting Initiation


	RESOURCE STATUS REQUEST
	RESOURCE STATUS RESPONSE
	RESOURCE STATUS FAILURE
	Used by the eNB to request load measurements from another eNB.

	Resource Status Reporting
	RESOURCE STATUS UPDATE
	-
	-
	Used to report load information to another eNB.

	Radio Link Failure Indication
	RLF INDICATION
	-
	-
	Used to report information to another eNB about the re-establishment attempt by a UE previously served by that eNB

	Handover Report
	HANDOVER REPORT
	-
	-
	Used to report information about the root cause of a detected handover problem

	RLF Report Transfer
	RLF REPORT TRANSFER
	-
	-
	Used to transfer RLF information reported by a UE for the purpose of KPI or potential corrective actions in an eNB that previously served the UE. 

	Mobility Settings Change
	MOBILITY CHANGE REQUEST
	MOBILITY CHANGE ACKNOWLEDGE
	MOBILITY CHANGE FAILURE
	Used to negotiate handover settings 

	Cell Activation
	CELL ACTIVATION REQUEST
	CELL ACTIVATION RESPONSE
	CELL ACTIVATION FAILURE
	Used to request the re-activation of a dormant cell


20.2.2.x
RLF Report Transfer procedure

The purpose of the RLF Report Transfer procedure is to enable mobility robustness improvements in E-UTRAN by passing UE reported information related to a radio link failure over the X2 interface.

When the UE reports such information following a successful re-establishment request or following a new RRC connection establishment, the eNB receiving this information from the UE may analyse it in order to identify an eNB previously serving the UE and in which KPI actions or potential corrective actions could be appropriate.The RLF Report Transfer procedure is then used to transfer the UE information to the identified eNB. The transferred information includes the last radio measurements performed by the UE before the radio link failure.
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Figure 20.2.2.x-1: RLF Report Transfer procedure

22.4.2
Support for Mobility Robustness Optimisation

One of the functions of Mobility Robustness Optimization is to detect radio link connection failures that occur due to Too Early or Too Late Handovers, or Handover to Wrong Cell. These three cases are defined and their respective detection mechanisms are carried out through the following:

-
[Too Late HO] A failure occurs in the source cell before the HO was initiated or during the HO procedure; the UE attempts to re-establish the radio link connection in the target cell (if HO was initiated) or in a cell that is not the source cell (if HO was not initiated). 
If the UE attempts to re-establish the radio link connection in a cell that belongs to  eNB B, after a failure at the source cell belonging to eNB A, different from eNB B, then eNB B may report this event to eNB A by means of the RLF Indication Procedure.

-
[Too Early HO] A failure occurs shortly after a successful handover from a source cell to a target cell or during a handover; the UE attempts to re-establish the radio link connection in the source cell. 
If the target cell belongs to an eNB B different from the eNB A that controls the source cell, the eNB B may send a HANDOVER REPORT message indicating a Too Early HO event to eNB A when eNB B receives an RLF INDICATION message from eNB A and if eNB B has sent the UE CONTEXT RELEASE message to eNB A related to the completion of an incoming HO for the same UE within the last Tstore_UE_cntxt seconds.

-
[HO to Wrong Cell] A failure occurs shortly after a successful handover from a source cell to a target cell or during a handover; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell. 
If the handover from the source cell to the target cell was successful and the target cell belongs to eNB B that is different from the eNB A that controls the source cell, the eNB B may send a HANDOVER REPORT message indicating a HO To Wrong Cell event to eNB A when eNB B receives an RLF INDICATION message from eNB C, and if eNB B has sent the UE CONTEXT RELEASE message to eNB A related to the completion of an incoming HO for the same UE within the last Tstore_UE_cntxt seconds.  This also applies when eNB A and eNB C is the same. The HANDOVER REPORT Message may also be sent if eNB B and eNB C are the same and the RLF Indication is internal to this eNB. 
If the handover from the source cell in eNB A to the target cell was not successful, and the UE attempts to re-establish the radio link connection to a cell in eNB C, then eNB C may send a RLF INDICATION message to eNB A. The detection of the above events, when involving more than one eNB, is enabled by the RLF Indication and Handover Report procedures.

The RLF Indication procedure may be initiated after a UE attempts to re-establish the radio link connection at eNB B after a failure at eNB A. The RLF INDICATION message sent from eNB B to eNB A shall contain the following information elements:

-
Failure Cell ID: PCI of the cell in which the UE was connected prior to the failure occurred;

-
Reestablishment Cell ID: ECGI of the cell where RL re-establishment attempt is made;

-
C-RNTI: C-RNTI of the UE in the cell where UE was connected prior to the failure occurred.

-
shortMAC-I (optionally): the 16 least significant bits of the MAC-I calculated using the security configuration of the source cell and the re-establishment cell identity.

eNB B may initiate RLF Indication towards multiple eNBs if they control cells which use the PCI signalled by the UE during the re-establishment procedure. The eNB A selects the UE context that matches the received Failure Cell ID and C-RNTI, and, if available, uses the shortMAC-I to confirm this identification, by calculating the shortMAC-I and comparing it to the received IE.

The Handover Report procedure is used in the case of recently completed handovers, when a failure occurs in the target cell (in eNB B) shortly after it sent the UE Context Release message to the source eNB A. The HANDOVER REPORT message contains the following information:

-
Type of detected handover problem (Too Early HO, HO to Wrong Cell);

-
ECGI of source and target cells in the handover;

-
ECGI of the re-establishment cell (in the case of HO to Wrong Cell);

-
Handover cause (signalled by the source during handover preparation).

A second mechanism for detection of Too Early or Too Late Handovers, or Handover to Wrong Cell, is enabled by radio link connection failure information reported by the UE following successful re-establishment attempt, or following establishment of new RRC connection from idle mode to E-UTRAN. This information may be used by the new serving eNB B to identify a previously serving eNB A in which KPI action or corrective action may be appropriate. The information reported by the UE is entirely transferred to eNB A using the RLF Report Transfer procedure over the X2 interface, or using the eNB SON Transfer and MME SON Transfer procedures over the S1 interface. The information includes the last radio measurements performed by the UE before the radio link failure, which may be used to identify coverage hole as the root cause of the radio link connection failure. eNB A may then evaluate 
When a UE re-connects to the eNB B after having been served by an other RAT, and provides radio link connection failure information, the following cause for radio link connection failure may be detected:
-
[Inter-RAT Too Late HO] A failure occurs in the source cell before the HO was initiated or during the HO procedure; the UE re-establishes the connection in a cell belonging to an other RAT. 
The new serving eNB B may also identify the previously serving eNB A in which KPI action or corrective action may be appropriate, and transfer the information reported by the UE to eNB B over the X2 or S1 interface.
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