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1
Decision/action requested

To agree on the principles for managing X2, and the relation to the NoX2 attribute.
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Rationale

This contribution discusses the management of X2 links, especially in the light of the NoX2 attribute in the Neighbour Relation Table (NRT) [1]
Management of ANR has stirred up considerable discussion. One contentions issue is the semantics and usage of the NoX2 attribute in the NRT. In [2], an attempt to define the NoX2 attribute has been made. This contribution extends [2] by giving a broader perspective of the management of X2 links.
We make the following assertion:

1. We use the semantics of the NoX2 attribute from [2], that is, the NoX2 attribute, when checked prohibits the eNB from using X2 for this particular Neighbour Relation.

We make the following assumptions. 

2. We assume that the NRM contains EUtranRelation objects and relation objects for other RATs. The EUtranRelation object represents Neighbour Relations from the cell the EUtranRelation is contained by, to a target EUTRAN cell. As X2 is only defined for EUTRAN, other RATs are not considered in this contribution.
3. We assume that the NRM contains X2Link objects, representing an X2 link between the current eNB and a peer eNB. 
4. We assume that X2Link object contains Administrative State and Operational State attributes according to X.731 [3].

We propose the following semantics for the X2Link object:
1. An X2Link object generally corresponds to an existing X2 connection. Exceptions could exist, for example an X2Link object with Administrative State set to locked. The exact details are FFS. However, for an X2 link to exist, a corresponding X2Link object must exist.
2. An X2Link object can be created in three ways:

a. The X2Link object can be created by the NMS over Itf-N.

b. The X2Link object can be created when a peer eNB connects to the current eNB, and the current eNB accepts the connection.

c. The current eNB can create the X2Link automatically. The reasons for setting up the X2 link is implementation specific. However, it is assumed that the appearance of a Neighbour Relation in the NRT, with the NoX2 attribute unchecked should cause the X2Link object to be created by the eNB. A corresponding X2 link should be set up to the target node of the Neighbour Relation.
3. An X2Link objects can be deleted in three ways Deleting an X2Link object result in the X2 link being torn down:

a. The X2Link object can be deleted by the NMS over Itf-N.

b. The X2Link object can be deleted when a peer eNB disconnects from the current eNB.

c. The current eNB can delete the X2Link object automatically. The reasons for deleting the X2Link object are implementation specific. However, it is assumed that when no Neighbour Relation in the NRT, to a certain target eNB, with the NoX2 attribute unchecked exist, the X2Link object may be automatically deleted by the eNB.
4. In addition to the Administrative state, each X2Link object also has an attribute describing whether the X2Link object can be automatically removed, according to item 3c. We tentatively call it “Removal State”. This attribute has an “automatic” state and a “manual” state.

a. When an X2Link object is created automatically according to item 2b or 2c, this attribute is set to “automatic”.

b. When an X2Link object is created by the NMS, the attribute is set to “automatic” or “manual” by the NMS. 

c. When the attribute is in the “automatic” state, the X2Link object and its corresponding X2 link may be deleted by the eNB. In the “manual state”, the object can not be deleted by the eNB. It can be deleted by the NMS according to item 3a. Whether it is deleted by a peer eNB disconnects the X2 link (according to item 3b) is FFS.

d. The NMS may change the Removal State from “automatic” to “manual” and vice versa.
5. There is a need to define how the attributes in the NRT influence the creation and deletion of X2 links. This contribution does not have an opinion, but several alternatives exist:
a. It could be implementation specific
b. There could be an attribute for each eNB describing how changes in the NRT influence the X2 links. For example, each eNB could have an attribute “neighbourRelationInfluencesX2” with the values “disabled” or “automatic”.
This is described in Figure 1.
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NRT  row      noRemove      NoHO      noX2    

NRT  row      noRemove      NoHO      noX2    


Figure 1. Interaction between ANR and X2 link handling

In Figure 1, the ANR function contains the Neighbour Relation table. The figure depicts the NRT as a separate “box” for each row. If the NRT is implemented as attributes in xxRelation objects, each “box” corresponds to a xxRelation object.
The figure shows how the ANR function influences the conceptual “X2 Link handler” and “HO handler”. This is done when NRT rows are created and deleted, and when the NoHO and NoS2 attributes are changed.
The conceptual “X2 Link handler” handles X2 links and their corresponding X2Link objects in the NRM. Each X2Link object holds an Administrative State, an Operational State, and a “Removal State”. 
3.1
Benefit of this proposal
Separating the management of Neighbour Relations from the management of X2 links makes for a system that is easy to comprehend, and a creates robust system that is easy to extend in future releases.

3.2 
Examples
We present two examples of how management of NRs and X2 links is done.
3.2.1
The automatic case

This example shows a completely automatic case. Here ANR is activated, automatically adding and removing NRs. ANR also influences the X2 links. The example is shown from “our eNB” point of view.
1. When the eNB is activated, it is configured to handle a number of cells. No NRs or X2 links are set up initially.
2. One UE in a nearby cell measure its environment and find one of our new cells. The ANR learns the PCI and CGI of our cell. The nearby cell determines that our cell is a neighbour and adds our cell to its Neighbour Relation Table. The nearby cell sets up an X2 link to our cell .Our cell accepts the connection, and creates an X2Link object for the link. Administrative State is set to unlocked, Operational State is set to enabled, and the “Removal State” attribute is set to Automatic. 

3. A UE in our cell finds another nearby cell (belonging to a yet-unknown eNB.) It adds the cell to our NRT, with NoRemove, NoX2 and NoHO all unchecked. This triggers our eNB to set up an X2 link to the nearby cell. This results in our eNB creating a X2Link object, with Admin State set to Unlocked, Operational State is set to enabled, and the “Removal State” attribute is set to Automatic.
4. If ANR finds that a certain Neighbour Relation should be removed (for example, because it has been unused for a “long” time), the ANR function removes that NR. If this is the last NR which corresponds to an X2 link, the eNB may remove the X2 link, and at the same time remove the X2Link object.
3.2.2
The manual case

This example shows a completely manual case. ANR is not activated (meaning that measurements from UEs belonging to our cells do not influence the NRT, and the NRT does not influence the X2 links.

1. When the eNB is activated, it is configured to handle a number of cells.

2. The NMS configures the NRT. The NMS checks the NoRemove attribute for all relations.

3. The NMS creates X2Link objects to other eNBs. It sets the “Removal State” to “manual” and Admin state to Unlocked. The eNB tries to connect to the other eNBs, and set the Operational State to enabled.

4. The configuration in the previous items is unchanged by the eNB. Only the NMS makes changes to the configuration
4
Detailed proposal
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