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1   Introduction
Self optimizing (SON) functionalities reducing the planning, operational and maintenance efforts, have been one of the design principles since LTE development started.
In this context functions like X2 SETUP, S1 SETUP have been introduce allowing together functions like ANR to autonomously set up and build up mobile networks without human intervention.

While in the early times of LTE development, the automatic set up of interfaces had priority, now operator are right in the phase to maintain already deployed and set up networks in an efficient way.

Operators are facing operational problems in context of maintaining X2 relations, in their continuously growing networks.

2   Background

2.1   The root cause
Resources are not unlimited

Even though technical specifications allow sufficient freedom with regards to in the number of possible X2 interfaces for an eNB, current vendor implementations are restricting the number of available X2 interfaces e.g. to 32 or 64 etc.

Networks are growing and reconfigurations are increasing
In networks with an increasing number of eNBs per square km and the popularity of heterogeneous networks, the number of necessary X2 interfaces, but also more importantly the number of reconfigurations of X2 connections between different eNBs is increasing.

Beside a proper and efficient X2 SETUP,  a proper “X2 REMOVAL” is needed 
So before being able e.g. to “switch” the X2 interface between eNB1 and eNB2, over to eNB1 and eNB3, the X2 connection between eNB1 and eNB2 need to be removed before the X2 can be set up again between eNB1 and eNB3.
2.2   The problem
In current multivendor network deployments, operators are facing increasingly problems in maintaining and reconfiguration of X2 interfaces. 

Typical scenario appearing in operators multivendor networks are:

· An operator want to remove the X2 interface between eNB1 and eNB2
· eNB1 is managed by Vendor1 O&M and
· eNB2 is managed by Vendor2 O&M
· The operator starts a procedure to remove the X2 interface between eNB1 and eNB2  at the O&M of Vendor1
· Vendor1 O&M removes the X2 interface from it’s databases and in NB1

·  eNB2, respectively Vendor2 O&M detects the loss of X2 connectivity towards eNB1 and sends a again a X2 SETUP REQUEST to re-establish the lost connection since it assumes e.g. there has been just a TNL failure.
Another scenario is when ANR is used to detect new cell relations. During time, new neighbours may be detected and new X2 may be added, but also existing X2 may need to be removed. 

The eNB autonomously decides to remove an X2 but there is currently no standardised way to remove an X2. 
Similar to the example above, this means that if eNB1 attempts to remove an X2, eNB2 may try to immediately set-up the X2 again.
As a consequence the coordinated removal of the X2 interface failed, and is heavily dependent on the implementations of vendors
2.3   The status
While originally in Rel8 discussions took place with a differentiated understanding about REST and RESET RESOURCES refer [1][, [2], the character of the current X2 RESET procedure was introduced in [3].
In various documents [4],[5],[6] clarification have been discussed in context of, what is subject to be rest by the X2 RESET procedure. However, all in common is the fact that the X2 RESET procedure just resets “the parameters” in context of the procedures using the X2 interface, but not the interface as such!

By [7] the X2 RELEASE procedure has been introduced, however, this procedure doesn’t correct the problem described above, since receiving the X2 release message, does not give any indication to the receiving eNB that it shall not try to reconnect the X2 interface. 
Additionally there is a missaligmentent between stage 2 in [8] and stage 3 in [9]. In stage 2 description, the X2 RELEASE procedure is defined between the X2GW and the relevant (H)eNBs, on the other hand in stage 3 in [9] the procedure is defined between eNBs. 
Neither the current X2 RESET procedure nor the X2 RELEASE procedure do correct/solve the problem to allow a coordinated eNB triggered removal of the X2 interfaces and need a correction
There is a missaligmentent between stage 2 and stage 3 in context of the X2 RELEASE procedure

3   Conclusion / Proposals
· Operators of multivendor networks are facing increasing problems in maintaining the X2 interface topology, since the procedure to RESET/REMOVE and X2 interface need to be corrected.

· The co-signing companies would like to point out the problems requirement a correction and seeking for an acknowledgement by RAN3. 

· The co-signing companies are willing to provide CRs to correct the problem and lead the discussion on the subject.

· In order to indicate a possible solution a “dummy” CR is given in the Annex of this discussion document for your reading pleasure.
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5   ANNEX: Sketched CR to correct the problem
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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 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.
-
X2 Removal. This function allows the eNBs to coordinate the removal of the X2 interface between the eNBs.

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
	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

	X2 Removal
	X2 Removal


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

	X2 Removal
	X2 REMOVAL REQUEST
	X2 REMOVAL RESPONSE
	X2 REMOVAL 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


-----------------------------------------------Next Change--------------------------------------------------------
8.x
X2 Removal
8.x.1
General

The purpose of the X2 Removal procedure is to coordinate removal of the X2 interface between the eNBs due to various reasons, e.g. no neighbour relationship is maintained between eNBs, insufficient X2 interface usage.
The procedure uses non UE-associated signalling.
8.x.2
Successful Operation


[image: image1.emf] 
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Figure 8.x.2-1: X2 Removal, successful operation

An eNB1 initiates the procedure by sending the X2 REMOVAL REQUEST message to eNB2. The initiating eNB1 may include the Neighbour Information IE in the X2 REMOVAL REQUEST message. 

After completion of removal of the X2 interface, the eNB2 shall respond with a X2 REMOVAL RESPONSE message.
8.x.3
Unsuccessful Operation


[image: image2.emf] 
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Figure 8.x.3-1: X2 Removal, unsuccessful operation
If the eNB2 can not accept the removal the X2 interface, it shall respond with an X2 REMOVAL FAILURE message and appropriate cause value.
-----------------------------------------------Next Change--------------------------------------------------------
9.1.2.xx
X2 REMOVAL REQUEST

This message is used to request the peer eNB to remove the X2 interface between the eNBs.

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

	Cause
	O
	
	9.2.6
	
	YES
	ignore


-----------------------------------------------Next Change--------------------------------------------------------
9.1.2.xy
X2 REMOVAL RESPONSE

This message is sent by a eNB as a response to a X2 REMOVAL REQUEST message.

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

	Criticality Diagnostics
	O
	
	9.2.7
	
	YES
	ignore


-----------------------------------------------Next Change--------------------------------------------------------
9.1.2.xz
X2 REMOVAL FAILURE

This message is sent by a eNB to indicate the failure of X2 removal.

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
	O
	
	9.2.6
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.7
	
	YES
	ignore
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