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7
Functions of X2AP

The X2AP protocol provides the following functions:

-
Mobility Management. This function allows the eNB to move the responsibility of a certain UE to another eNB. Forwarding of user plane data, Status Transfer and UE Context Release function are parts of the mobility management.

-
Dual Connectivity. This function allows the eNB to request another eNB to provide radio resources for a certain UE while keeping responsibility for that UE.

-
Load Management. This function is used by eNBs to indicate resource status, overload and traffic load to each other.

-
Reporting of General Error Situations. This function allows reporting of general error situations, for which function specific error messages have not been defined.

-
Resetting the X2. This function is used to reset the X2 interface. 

-
Setting up the X2. This function is used to exchange necessary data for the eNB for setup the X2 interface and implicitly perform an X2 Reset.

-
eNB Configuration Update. This function allows updating of application level data needed for two eNBs to interoperate correctly over the X2 interface. 

-
Mobility Parameters Management. This function allows the eNB to coordinate adaptation of mobility parameter settings with a peer eNB. 

-
Mobility Robustness Optimisation. This function allows reporting of information related to mobility failure events. 

-
Energy Saving. This function allows decreasing energy consumption by enabling indication of cell activation/deactivation over the X2 interface.

-
X2 Release. This function allows an eNB to be aware that the signalling connection to a peer eNB is unavailable.

-
Message Transfer. This function allows indirect transport of X2AP messages to a peer eNB.

-
Registration. This function allows registration of eNB in case indirect transport of X2AP messages is supported.

-
Removing the X2. This function allows removing the signaling connection between two eNBs in a controlled manner.

-
Inter-eNB UE Context Resume. This function allows retrieval of a suspended UE context.
-
Paging. This function is used to page over X2 interface. 

-
Light Connection notification. This function allows an eNB to notify the anchor eNB that the UE has left the RAN based paging area or has resumed an RRC connection for data transfer. It also allows the anchor eNB to request another eNB to suspend the UE. [FFS]
-
GTP Tunnel Information: This function is used to provide GTP Tunnel information from new eNB to old eNB for data forwarding usage [FFS].
The mapping between the above functions and X2 EPs is shown in the table below.

Table 7-1: Mapping between X2AP functions and X2AP EPs

	Function
	Elementary Procedure(s)

	Mobility Management
	a) Handover Preparation
b) SN Status Transfer
c) UE Context Release

d) Handover Cancel

	Dual Connectivity
	a) SeNB Addition Preparation

b) SeNB Reconfiguration Completion

c) MeNB initiated SeNB Modification Preparation

d) SeNB initiated SeNB Modification

e) MeNB initiated SeNB Release

f) SeNB initiated SeNB Release

g) SeNB Counter Check

	Load Management
	a) Load Indication

b) Resource Status Reporting Initiation

c) Resource Status Reporting

	Reporting of General Error Situations
	Error Indication

	Resetting the X2
	Reset

	Setting up the X2
	X2 Setup

	eNB Configuration Update
	a) eNB Configuration Update

b) Cell Activation

	Mobility Parameters Management
	Mobility Settings Change

	Mobility Robustness Optimisation
	a) Radio Link Failure Indication

b) Handover Report

	Energy Saving
	a) eNB Configuration Update

b) Cell Activation

	X2 Release
	X2 Release

	Message Transfer Registration
	X2AP Message Transfer

	Removing the X2
	X2 Removal

	Inter-eNB UE Context Resume
	Retrieve UE Context

	Paging
	Paging

	Light Connection Notification [FFS]
	UE Information Indication

	GTP Tunnel Information [FFS]
	GTP tunnel Information


8
X2AP procedures

8.1
Elementary procedures

In the following tables, all EPs are divided into Class 1 and Class 2 EPs.

Table 8.1-1: Class 1 Elementary Procedures

	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome

	
	
	Response message
	Response message

	Handover Preparation
	HANDOVER REQUEST
	HANDOVER REQUEST ACKNOWLEDGE
	HANDOVER PREPARATION FAILURE

	Reset
	RESET REQUEST
	RESET RESPONSE
	

	X2 Setup 
	X2 SETUP REQUEST
	X2 SETUP RESPONSE
	X2 SETUP FAILURE

	eNB Configuration Update
	ENB CONFIGURATION UPDATE
	ENB CONFIGURATION UPDATE ACKNOWLEDGE
	ENB CONFIGURATION UPDATE FAILURE

	Resource Status Reporting Initiation
	RESOURCE STATUS REQUEST
	RESOURCE STATUS RESPONSE
	RESOURCE STATUS FAILURE

	Mobility Settings Change
	MOBILITY CHANGE REQUEST
	MOBILITY CHANGE ACKNOWLEDGE
	MOBILITY CHANGE FAILURE

	Cell Activation
	CELL ACTIVATION REQUEST
	CELL ACTIVATION RESPONSE
	CELL ACTIVATION FAILURE

	SeNB Addition Preparation
	SENB ADDITION REQUEST
	SENB ADDITION REQUEST ACKNOWLEDGE
	SENB ADDITION REQUEST REJECT

	MeNB initiated SeNB Modification Preparation
	SENB MODIFICATION REQUEST
	SENB MODIFICATION REQUEST ACKNOWLEDGE
	SENB MODIFICATION REQUEST REJECT

	SeNB initiated SeNB Modification
	SENB MODIFICATION REQUIRED
	SENB MODIFICATION CONFIRM
	SENB MODIFICATION REFUSE

	SeNB initiated SeNB Release
	SENB RELEASE REQUIRED
	SENB RELEASE CONFIRM
	

	X2 Removal
	X2 REMOVAL REQUEST
	X2 REMOVAL RESPONSE
	X2 REMOVAL FAILURE

	Retrieve UE Context
	RETRIEVE UE CONTEXT REQUEST
	RETRIEVE UE CONTEXT RESPONSE
	RETRIEVE UE CONTEXT FAILURE


Table 8.1-2: Class 2 Elementary Procedures

	Elementary Procedure
	Initiating Message

	Load Indication
	LOAD INFORMATION

	Handover Cancel
	HANDOVER CANCEL

	SN Status Transfer
	SN STATUS TRANSFER

	UE Context Release
	UE CONTEXT RELEASE

	Resource Status Reporting
	RESOURCE STATUS UPDATE

	Error Indication
	ERROR INDICATION

	Radio Link Failure Indication
	RLF INDICATION

	Handover Report
	HANDOVER REPORT

	X2 Release
	X2 RELEASE

	X2AP Message Transfer
	X2AP MESSAGE TRANSFER

	SeNB Reconfiguration Completion
	SENB RECONFIGURATION COMPLETE

	MeNB initiated SeNB Release
	SENB RELEASE REQUEST

	SeNB Counter Check
	SENB COUNTER CHECK REQUEST

	Paging
	PAGING

	UE Information Indication[FFS]
	UE INFORMATION INDICATION

	Suspend Request[FFS]
	SUSPEND REQUEST

	GTP Tunnel Information[FFS]
	GTP TUNNEL INFORMATION


------Start of the Next Change------
8.6.7.4
Abnormal Conditions

Not applicable.
8.x
Procedures for Paging
8.x.a
Paging

8.x.a.1
General

The purpose of the Paging procedure is to enable the anchor eNB to inform other eNBs to page a UE.
The procedure uses non UE-associated signalling.
8.x.a.2
Successful Operation
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Figure 8.x.a.2-1: Paging procedure
The anchor eNB initiates the Paging procedure by sending the PAGING message to an eNB which belongs to the paging area of the UE.
Upon reception of the PAGING message, if Paging Cells List IE is included, the eNB shall perform Uu paging of the UE in cells indicated in the Paging Cells List IE.
Upon reception of the PAGING message, if TAI List IE is included, the eNB shall perform Uu paging of the UE in cells related to the indicated TAs.
Note: whether to use cell list or PA id list is pending to RAN2 discussion. [FFS]
The Paging Priority IE may be included in the PAGING message, and if present the eNB may use it to prioritize paging (FFS).
8.x.a.3
Unsuccessful Operation

Not applicable.

8.x.a.4
Abnormal Conditions

Not applicable.
8.x
Procedures for Light Connection
8.x.b
UE Information Indication[FFS].
8.x.b.1
General

The purpose of the UE Information Indication procedure is to transfer information regarding RRC resume attempts for a UE in Light Connection. The signalling takes place from the new eNB at which a resume attempt is made to the anchor eNB.
The procedure uses non UE-associated signalling.

8.x.b.2
Successful Operation
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Figure 8.x.b.2-1: UE INFORMATION Indication, successful operation

The new eNB initiates the procedure by sending the UE INFORMATION INDICATION message to anchor eNB following a RRC Connection Resume attempt at the eNB indicating the cause of the resumption.
Interaction with other procedures:
If the anchor eNB receives the UE INFORMATION INDICATION with a cause indicating that the UE has left the paging area, the anchor may trigger Handover procedure or the Susped Request procedure.
8.x.b.3
Unsuccessful Operation

Not applicable.

8.x.b.4
Abnormal Conditions

Void.
8.x.c
Suspend Request [FFS]
8.x.c.1
General

The purpose of the Suspend Request procedure is to enable an anchor eNB to request the new eNB to move the UE into suspended state.
The procedure uses non UE-associated signalling.
8.x.c.2
Successful Operation
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Figure 8.x.c.2-1: Paging procedure
The anchor eNB initiates the Suspend Request procedure by sending the SUSPEND REQUEST message to the serving eNB.

At the reception of the SUSPEND REQUEST message, the new eNB shall request the UE to move to suspended state and retain the UE AS in RRC_IDLE.
8.x.c.3
Unsuccessful Operation

Not applicable.

8.x.c.4
Abnormal Conditions

Not applicable.
8.x.c
GTP Tunnel Information [FFS]
8.x.c.1
General

The purpose of the GTP Tunnel Information procedure is to enable the new  eNB to provide the GTP Tunnel Information of the relavent E-RABs to the old eNB to use for data forwarding.

The procedure uses UE-associated signalling.
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Figure 8.x.c.2-1: GTP Tunnel Information procedure
The new eNB initiates the GTP Tunnel Information procedure by sending the GTP TUNNEL INFORMATION message to the old eNB.

At the reception of the  GTP TUNNEL INFORMATION message, the old eNB shall use the information to forward data for the relavant E-RABs.  
8.x.c.3
Unsuccessful Operation

Not applicable.

8.x.c.4
Abnormal Conditions

Not applicable.
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9.1.1.5
UE CONTEXT RELEASE[FFS]
This message is sent by the target eNB to the source eNB to indicate that resources can be released.

Direction: target eNB ( source eNB (handover), MeNB ( SeNB (dual connectivity), new eNB ( old eNB (UE Context retrieval).

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	Old eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated for handover at the source eNB and for dual connectivity at the SeNB.
	YES
	reject

	New eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated for handover at the target eNB and for dual connectivity at the MeNB.
	YES
	reject

	Old eNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
	Allocated for handover at the source eNB and for dual connectivity at the SeNB.
	YES
	reject

	New eNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
	Allocated for handover at the source eNB and for dual connectivity at the MeNB.
	YES
	reject

	SIPTO Bearer Deactivation Indication 
	O
	
	ENUMERATED (True, …,)
	Indicates that SIPTO@LN PDN connection deactivation is needed.
	YES
	ignore

	E-RABs DL Forwarding List
	
	0..1
	
	
	YES
	ignore

	> E-RABs DL Forwarding Item
	
	1 .. <maxnoof Bearers>
	
	
	EACH
	ignore

	>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>DL GTP Tunnel Endpoint
	O
	
	GTP Tunnel Endpoint 9.2.1
	Identifies the X2 transport bearer. used for forwarding of DL PDUs
	–
	–


	Range bound
	Explanation

	maxnoofBearers
	Maximum no. of E-RABs. Value is 256


------Start of the Next Change------
9.1.2.29
RETRIEVE UE CONTEXT RESPONSE [FFS]
This message is sent by the old eNB to transfer the UE context to the new eNB.

Direction: old eNB ( new eNB.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	New eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the new eNB
	YES
	ignore

	New eNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
	Allocated at the new eNB
	YES
	ignore

	Old eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the old eNB
	YES
	ignore

	Old eNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
	Allocated at the old eNB
	YES
	ignore

	GUMMEI
	M
	
	9.2.16
	
	YES
	reject

	UE Context Information
	
	1
	
	
	YES
	reject

	>MME UE S1AP ID
	M
	
	INTEGER (0..232 -1)
	MME UE S1AP ID allocated at the MME
	–
	–

	>UE Security Capabilities
	M
	
	9.2.29
	
	–
	–

	>AS Security Information
	M
	
	9.2.30
	
	–
	–

	>UE Aggregate Maximum Bit Rate
	M
	
	9.2.12
	
	–
	–

	>Subscriber Profile ID for RAT/Frequency priority
	O
	
	9.2.25
	
	–
	–

	>E-RABs To Be Setup List
	
	1
	
	
	–
	–

	>>E-RABs To Be Setup Item
	
	1 .. <maxnoof Bearers>
	
	
	EACH
	ignore

	>>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>>E-RAB Level QoS Parameters
	M
	
	9.2.9
	Includes necessary QoS parameters
	–
	–

	>>>Bearer Type
	O
	
	9.2.92
	
	YES
	reject

	>RRC Context
	M
	
	OCTET STRING
	Includes either the RRC Handover Preparation Information message as defined in subclause 10.2.2 of TS 36.331 [9], or the HandoverPreparationInformation-NB message as defined in subclause 10.6.2 of TS 36.331 [9].
	–
	–

	>Handover Restriction List
	O
	
	9.2.3
	
	–
	–

	>Location Reporting Information
	O
	
	9.2.21
	Includes the necessary parameters for location reporting
	–
	–

	>Management Based MDT Allowed
	O
	
	9.2.59
	
	–
	–

	>Management Based MDT PLMN List
	O
	
	MDT PLMN List

9.2.64
	
	–
	–

	Trace Activation
	O
	
	9.2.2
	
	YES
	ignore

	SRVCC Operation Possible
	O
	
	9.2.33
	
	YES
	ignore

	Masked IMEISV
	O
	
	9.2.69
	
	YES
	ignore

	Expected UE Behaviour
	O
	
	9.2.70
	
	YES
	ignore

	ProSe Authorized
	O
	
	9.2.78
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.7
	
	YES
	ignore

	Data forwarding [FFS]
	O
	
	9.2.5
	
	
	


	Range bound
	Explanation

	maxnoofBearers
	Maximum no. of E-RABs. Value is 256


------Start of the Next Change------
9.1.x
Messages for Paging Procedures
9.1.x.a
PAGING
This message is sent by the anchor eNB to other eNB to page a UE
Direction: anchor eNB ( other eNB.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	UE Identity
	M
	
	FFS
	
	YES
	ignore

	Paging DRX
	M
	
	FFS
	
	YES
	ignore

	Paging Cells List [FFS]
	
	0 .. <maxCellineNB>
	
	
	YES
	reject

	>ECGI
	M
	
	ECGI

9.2.14
	E-UTRAN Cell Global Identifier of the neighbour cell
	–
	–

	Paging TA List [FFS]
	O
	
	
	
	
	

	>TAI List Item
	
	1 .. <maxnoofTAIs>
	
	
	EACH
	

	>PLMN Identity
	M
	
	9.2.4
	
	-
	

	>>TAC
	M
	
	OCTET STRING(2)
	
	
	

	Paging Priority [FFS]
	O
	
	FFS
	
	YES
	ignore

	UE Radio Capability for Paging
	O
	
	FFS
	
	YES
	

	Assistance Data for Paging
	O
	
	FFS
	
	YES
	


9.1.y
Messages for Light Connection Procedures
9.1.y.a
UE INFORMATION INDICATION [FFS]
This message is sent by the new eNB to inform the anchor eNB that the UE has either left the RAN based paging area or is requesting data exchange.
Direction: serving eNB ( anchor eNB.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	cause
	M
	
	9.2.91
	
	YES
	reject

	Resume ID
	M
	
	9.2.91
	
	YES
	reject

	ShortMAC-I
	M
	
	BIT STRING (SIZE (16))
	ShortResumeMAC-I contained in the RRCConnection ResumeRequest message (TS 36.331 [9])
	YES
	reject

	New E-UTRAN Cell Identifier
	M
	
	BIT STRING (SIZE (28))
	The E-UTRAN Cell Identifier of the cell where the RRC connection has been requested to be resumed.
	YES
	reject


9.1.y.b
SUSPEND REQUEST [FFS]
This message is sent by the anchor eNB to new eNB to suspend of the UE.

Direction: anchor eNB ( new eNB.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	RRC Context[FFS].
	M
	
	OCTET STRING
	
	YES
	reject

	Resume ID
	M
	
	9.2.91
	
	YES
	reject


9.1.y.c
GTP TUNNEL INFORMATION [FFS]
This message is sent by the new eNB to old eNB to provide GTP tunnel information.
Direction: new eNB ( old eNB.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	Old eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated for handover at the source eNB and for dual connectivity at the SeNB.
	YES
	reject

	New eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated for handover at the target eNB and for dual connectivity at the MeNB.
	YES
	reject

	Old eNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
	Allocated for handover at the source eNB and for dual connectivity at the SeNB.
	YES
	reject

	New eNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
	Allocated for handover at the source eNB and for dual connectivity at the MeNB.
	YES
	reject

	E-RABs DL Forwarding List
	
	
	
	
	YES
	ignore

	> E-RABs DL Forwarding Item
	
	0 .. <maxnoof Bearers>
	
	
	EACH
	ignore

	>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>DL GTP Tunnel Endpoint
	O
	
	GTP Tunnel Endpoint 9.2.1
	Identifies the X2 transport bearer. used for forwarding of DL PDUs
	–
	–
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9.2.6
Cause [FFS].
The purpose of the cause information element is to indicate the reason for a particular event for the whole protocol.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE Cause Group
	M
	
	
	

	>Radio Network Layer
	
	
	
	

	>>Radio Network Layer Cause 
	M
	
	ENUMERATED

(Handover Desirable for Radio Reasons,

Time Critical Handover,

Resource Optimisation Handover,

Reduce Load in Serving Cell,

Partial Handover,

Unknown New eNB UE X2AP ID, Unknown Old eNB UE X2AP ID, Unknown Pair of UE X2AP ID,

HO Target not Allowed,

TX2RELOCoverall Expiry,

TRELOCprep Expiry,

Cell not Available,

No Radio Resources Available in Target Cell,

Invalid MME Group ID,

Unknown MME Code, Encryption And/Or Integrity Protection Algorithms Not Supported, ReportCharacteristicsEmpty, NoReportPeriodicity, ExistingMeasurementID, Unknown eNB Measurement ID, Measurement Temporarily not Available,

Unspecified,...,Load Balancing, Handover Optimisation, Value out of allowed range, Multiple E-RAB ID instances, Switch Off Ongoing, Not supported QCI value, Measurement not supported for the object,TDCoverall Expiry, TDCprep Expiry,

Action Desirable for Radio Reasons,

Reduce Load,

Resource Optimisation,

Time Critical action,

Target not Allowed,

No Radio Resources Available,

Invalid QoS combination, Encryption Algorithms Not Supported, Procedure cancelled, RRM purpose,

Improve user bit rate,

User Inactivity,

Radio Connection With UE Lost, Failure in the Radio Interface Procedure,

Bearer Option not Supported, Suspend[FFS])
	

	…
	
	
	
	


The meaning of the different cause values is described in the following table. 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.

	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.

	//skip the unchanged part…
	

	Bearer Option not Supported
	The requested bearer option is not supported by the sending node.

In the current version of this specification applicable for Dual Connectivity only.

	Suspend
	The action is requested to suspend the UE.


------Start of the Next Change------
Asn.1 to be added…
------End of the Changes------
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