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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.

-
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 Adaptation. This function is used for self-adaptation of mobility parameters over the X2 interface.
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

	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
	eNB Configuration Update

	Mobility Parameters Adaptation
	a) Resource Status Reporting Initiation 

b) Resource Status Reporting 

c) SON Adaptation


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

	SON Adaptation
	SON ADAPTATION REQUEST
	SON ADAPTATION RESPONSE
	SON ADAPTATION 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


8.3.6

Resource Status Reporting Initiation

8.3.6.1
General

This procedure is used by an eNB to request the reporting of load measurements to another eNB.

The procedure uses non UE-associated signalling.
8.3.6.2
Successful Operation
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Figure 8.3.6.2-1: Resource Status Reporting Initiation, successful operation 

The procedure is initiated with a RESOURCE STATUS REQUEST message sent from eNB1 to eNB2. Upon receipt, eNB2 shall initiate the requested measurement according to the parameters given in the request in case the Registration Request IE set to "start" and shall terminate the reporting in case the Registration Request IE is set to “stop".

If the Registration Request IE is set to "start" then the Report Characteristics IE shall be included in RESOURCE STATUS REQUEST message.

The Report Characteristics IE indicates the type of measurements eNB2 shall perform.

For each request cell, the eNB2 shall include in the RESOURCE STATUS UPDATE message;

-
the Radio Resource Status IE, if  the first bit, “PRB Periodic” of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1,

-
the S1 TNL Load Indicator IE, if  the second bit, “TNL Load Ind Periodic” of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1,

-
the Hardware Load Indicator IE, if  the third bit, “HW Load Ind Periodic” of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1,

For each cell couple {eNB1 cell, eNB2 cell} for which the Mobility Parameter Request Information IE is present in the RESOURCE STATUS REQUEST message, the eNB2 shall include the Mobility Parameter Response Information IE in the first RESOURCE STATUS UPDATE message. The Mobility Parameter Response Information IE shall also be present in subsequent RESOURCE STATUS UPDATE messages in case of modification of at least one of the parameters contained in this IE.
If the Reporting Periodicity IE is included in the RESOURCE STATUS REQUEST message, eNB2 shall use its value as the time interval between two subsequent measurement reports.

If eNB2 is capable to provide resource status information, it shall initiate the measurements as requested by eNB1, and respond with the RESOURCE STATUS RESPONSE message.  

8.3.x

SON Adaptation
8.3.x.1
General

This procedure is used by an eNB to negotiate the modification of mobility parameters with a peer eNB.

The procedure uses non UE-associated signalling.
8.3.x.2
Successful Operation
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Figure 8.3.x.2-1: SON Adaptation, successful operation 

The procedure is initiated with a SON ADAPTATION REQUEST message sent from eNB1 to eNB2. 

Upon receipt, eNB2 shall evaluate if the proposed parameter values contained in the request message may be accepted. If so, eNB2 sends back SON ADAPTATION RESPONSE.
8.3.x.3
Unsuccessful Operation
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Figure 8.3.x.3-1: SON Adaptation, unsuccessful operation 

If the requested modification is refused by the eNB2, the latter shall send a SON ADAPTATION FAILURE message. The Cause IE shall be set to an appropriate value e.g. “Proposed modification out of allowed range”.
The Mobility Configuration IE shall contain allowed parameter range.
8.3.x.4
Abnormal Conditions

If the eNB1 does not receive either SON ADAPTATION RESPONSE message or SON ADAPTATION FAILURE message, the eNB1 may consider the procedure as failed.

9.1.2.11
RESOURCE STATUS REQUEST
This message is sent by an eNB1 to neighbouring eNB2 to initiate the requested measurement according to the parameters given in the message. 

Direction: eNB1 ( eNB2.

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

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	eNB1 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB1
	YES
	reject

	eNB2 Measurement ID
	C-ifRegistrationRequestStop
	
	INTEGER (1..4095,...)
	Allocated by eNB2
	YES
	ignore

	Registration Request
	M
	
	ENUMERATED(Start, Stop,

…)
	In this Release, if the value is set to “stop”, the receiver shall stop all cells measurement.
	YES
	reject

	Report Characteristics
	O
	
	BITSTRING

(SIZE(32))
	Each position in the bitmap indicates measurement object the eNB2 is requested to report. 

First Bit = PRB Periodic, 

Second Bit=  TNL load Ind Periodic,   

Third Bit = HW Load Ind Periodic. Bits 4 to 32 shall be ignored by the eNB2
	YES
	reject

	Cell To Report


	
	1 to maxCellineNB
	
	Cell ID list for which measurement is needed
	EACH
	ignore

	>Cell ID
	M
	
	ECGI

9.2.14
	
	
	

	>eNB1 Cell List
	
	0 to maxCellineNB
	
	List of adjacent cells in eNB1 for which Mobility Parameter Information is requested.
	
	

	>>eNB1 Cell ID
	M
	
	ECGI

9.2.14
	
	
	

	>>Mobility Parameter Request Information
	M
	
	9.2.x1
	
	
	

	Reporting Periodicity
	O
	
	ENUMERATED(1000ms, 2000ms, 5000ms,10000ms, …)
	
	YES
	ignore


	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.


	Condition
	Explanation

	ifRegistrationRequestStop
	This IE shall be present if the Registration Request IE is set to the value “Stop”.


9.1.2.14
RESOURCE STATUS UPDATE 

This message is sent by eNB2 to neighbouring eNB1 to report the results of the requested measurements. 

Direction: eNB2 ( eNB1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	eNB1 Measurement ID
	M
	
	INTEGER (1..4095,...)
	
	YES
	reject

	eNB2 Measurement ID
	M
	
	INTEGER (1..4095,...)
	
	YES
	reject

	Cell Measurement Result
	
	1 to maxCellineNB
	
	
	EACH
	ignore

	>Cell ID
	M
	
	ECGI

9.2.14
	
	
	

	>Hardware Load Indicator
	O
	
	9.2.34
	
	
	

	>S1 TNL Load Indicator
	O
	
	9.2.35
	
	
	

	>Radio Resource Status
	O
	
	9.2.37
	
	
	

	>eNB1 Cell List
	
	0 to maxCellineNB
	
	List of adjacent cells in eNB1 for which Mobility Parameter Information is provided.
	
	

	>>eNB1 Cell ID
	M
	
	ECGI

9.2.14
	
	
	

	>>Mobility Parameter Response Information
	M
	
	9.2.x2
	
	
	


	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.


9.1.2.x1
SON ADAPTATION REQUEST
This message is sent by an eNB1 to neighbouring eNB2 to initiate adaptation of mobility parameters. 

Direction: eNB1 ( eNB2.

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

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	eNB1 Cell ID
	M
	
	ECGI

9.2.14
	
	YES
	reject

	eNB2 Cell ID
	M
	
	ECGI

9.2.14
	
	YES
	reject

	eNB1 Mobility Parameters Information
	M
	
	Mobility Parameters Information 9.2.x4
	Current configuration data in eNB1 cell.
	YES
	reject

	eNB1 Proposed Mobility Parameters
	M
	
	Mobility Parameters Proposal Information 9.2.x5
	Proposed configuration data in eNB1 cell.
	YES
	reject

	eNB2 Proposed Mobility Parameters
	M
	
	Mobility Parameters Proposal Information 9.2.x5
	Proposed configuration data in eNB2 cell.
	YES
	reject

	Criticality Diagnostics
	O
	
	9.2.7
	
	YES
	ignore


9.1.2.x2
SON ADAPTATION RESPONSE
This message is sent by the eNB2 to indicate that the proposed SON Adaptation was accepted. 
Direction: eNB2 ( eNB1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	eNB2 Mobility Parameters Information
	M
	
	Mobility Parameters Information 9.2.x4
	Current configuration data in eNB2 cell.
	YES
	reject

	Criticality Diagnostics
	O
	
	9.2.7
	
	YES
	ignore


9.1.2.x3
SON ADAPTATION FAILURE
This message is sent by the eNB2 to indicate that the proposed SON Adaptation was not accepted.

Direction: eNB2 ( eNB1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	Cause 
	M
	
	9.2.6
	
	YES
	ignore

	eNB2 Mobility Parameters Information
	M
	
	Mobility Parameters Information 9.2.x4
	Current configuration data in eNB2 cell.
	YES
	reject

	Criticality Diagnostics
	O
	
	9.2.7
	
	YES
	ignore


9.2.6
Cause

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, Proposed modification not accepted,
Unspecified, 
...

)
	

	>Transport Layer
	
	
	
	

	>>Transport Layer Cause
	M
	
	ENUMERATED
(Transport Resource Unavailable,

Unspecified,
...)
	

	>Protocol
	
	
	
	

	>>Protocol Cause
	M
	
	ENUMERATED
(Transfer Syntax Error,
Abstract Syntax Error (Reject),
Abstract Syntax Error (Ignore and Notify),
Message not Compatible with Receiver State,

Semantic Error,
Unspecified,

Abstract Syntax Error (Falsely Constructed Message),...)
	

	>Misc
	
	
	
	

	>>Miscellaneous Cause
	M
	
	ENUMERATED
(Control Processing Overload,
Hardware Failure,
O&M Intervention,
Not enough User Plane Processing Resources,
Unspecified,...)
	


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.

	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.

	Proposed modification not accepted
	The modification contained in the Mobility Parameter Adaptation Request IE was not accepted.

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


	Transport Network Layer cause
	Meaning

	Transport resource unavailable
	The required transport resources are not available

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


	Protocol cause
	Meaning

	Abstract Syntax Error (Reject)
	The received message included an abstract syntax error and the concerned criticality indicated "reject" (see sub clause 10.3)

	Abstract Syntax Error (Ignore and Notify)
	The received message included an abstract syntax error and the concerned criticality indicated "ignore and notify" (see sub clause 10.3)

	Abstract syntax error (falsely constructed message)
	The received message contained IEs or IE groups in wrong order or with too many occurrences (see sub clause 10.3)

	Message not Compatible with Receiver State
	The received message was not compatible with the receiver state (see sub clause 10.4)

	Semantic Error
	The received message included a semantic error (see sub clause 10.4)

	Transfer Syntax Error
	The received message included a transfer syntax error (see sub clause 10.2)

	Unspecified
	Sent when none of the above cause values applies but still the cause is Protocol related


	Miscellaneous cause
	Meaning

	Control Processing Overload
	eNB control processing overload

	Hardware Failure
	eNB hardware failure

	Not enough User Plane Processing Resources
	eNB has insufficient user plane processing resources available

	O&M Intervention
	Operation and Maintenance intervention related to eNB equipment

	Unspecified
	Sent when none of the above cause values applies and the cause is not related to any of the categories Radio Network Layer, Transport Network Layer or Protocol.


9.2.13
Message Type

The Message Type IE uniquely identifies the message being sent. It is mandatory for all messages.

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

	Procedure Code
	M
	
	INTEGER (0..255)
	"0" = Handover Preparation

"1" = Handover Cancel

"2" = Load Indication

"3" = Error Indication

"4" = SN Status Transfer

"5" = UE Context Release

"6" = X2 Setup

"7" = Reset

"8" = eNB Configuration Update

"9" = Resource Status Reporting Initiation

"10" = Resource Status Reporting

“11”  = Private Message
"12" = SON Adaptation

	Type of Message
	M
	
	CHOICE (Initiating Message, Successful Outcome, Unsuccessful Outcome, 

…)
	


9.2.x1
Mobility Parameters Request Information
In this IE the eNB1 provides its mobility parameters from the concerned cell towards the target cell in eNB2.

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

	Mobility Parameters Information
	M
	
	Mobility Parameters Information 9.2.x4
	Configuration data for cell controlled by eNB1.


9.2.x2
Mobility Parameters Response Information
In this IE the eNB2 provides its mobility parameters from the concerned cell towards the requesting cell in eNB1.

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

	Mobility Parameters Information
	M
	
	Mobility Parameters Information 9.2.x4
	Configuration data for cell controlled by eNB1.


9.2.x3
Measurement Offset
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Measurement Offset Value
	M
	ENUMERATED (dB-24, dB-22, dB-20, dB-18, dB-16, dB-14, dB-12, dB-10, dB-8, dB-6, dB-5, dB-4, dB-3, dB-2, dB-1, dB0, dB1, dB2, dB3, dB4, dB5, dB6, dB8, dB10, dB12, dB14, dB16, dB18, dB20, dB22, dB24)
	
	


9.2.x4
Mobility Parameters Information
In this IE the eNB1 provides its mobility parameters from the concerned cell towards the target cell in eNB2.

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

	Ocn
	M
	
	Measurement Offset 9.2.x3
	

	Ocn Max Allowed Reduction
	M
	
	Measurement Offset 9.2.x3
	

	Ocn Max Allowed Increase
	M
	
	Measurement Offset 9.2.x3
	


9.2.x5
Mobility Parameters Proposal Information 

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

	Ocn
	M
	
	Measurement Offset 9.2.x3
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