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1 Introduction

The need for signaling support for X2 interface removal was discussed and acknowledged at RAN3 #85bis [1]. The concept was further explored during the subsequent e-mail discussion, and draft CRs were circulated. Here we present a possible way forward on this issue and explain its rationale, mapping it to the operator requirements in [1] and to the discussion outcome.
2 Discussion
2.1 Scenario, Requirements, Uses

The scenario for autonomous X2 removal has been clarified as being typical of e.g. network densification, where new eNBs are added besides existing ones, thus changing the “neighbor” status of some or all of the existing eNBs. In addition, it has been mentioned that some eNB implementations autonomously set up X2 using a very “aggressive” policy. It is also possible that ANR may pick up lots of neighbors which may later prove suboptimal for optimal for mobility. All of the above can contribute to a high number of unused or undesirable X2 interfaces: those may take up unnecessary resources and can be cumbersome to remove manually through OAM, in particular in a multi-vendor environment (where multiple OAMs are typically present). The overall requirement for an appropriate X2AP procedure to support the above use cases has therefore been discussed.
The operator contribution [1] listed the following five requirements:
1. Transactions with operations staff shall be as few as possible;

2. The whole process to remove an X2 interface shall be autonomous to the utmost extent;

3. There shall be no requirement on timing or sequence of OAM actions (e.g. concurrent action on several OAMs and/or any timing constraint on OAM action shall not be required);

4. Configurations preventing the removal of an X2 interface should be detected and autonomously resolved; if this is not possible, the issue should be brought to the operator’s attention;
5. An X2 interface shall not be removed without the consent of both eNBs involved.

It seems also beneficial to add a sixth requirement to the above, in order to avoid breaking existing functionality:
6. An X2 interface shall not be autonomously removed if one or more X2 procedures are still running over that interface.

Notice that the above seems consistent with the requirements above, since the context of any running X2AP procedure in both eNBs can in fact be seen as a configuration preventing interface removal
.
Proposal 1: In order not to break existing functionality, an X2 interface shall not be autonomously removed if one or more X2 procedures are still running over that interface.
In the e-mail discussion, it was further clarified that X2 interface removal can be either triggered by OAM (i.e. operator action) or autonomously initiated once a condition (e.g. a certain period of interface inactivity) was verified in the initiating eNB. This is left for implementation.
Proposal 2: X2 interface removal can be either triggered by OAM or autonomously initiated e.g. after a period of interface inactivity; this is left for implementation.
2.2 Defining the EP
The requirement to have “consent” for X2 interface removal, and the possibility for the receiving eNB to deny its consent with the result of preventing the removal, seems to point at a Class 1 X2AP procedure, which natively provides the possibility for a positive or negative reply. We notice, incidentally, that the existing X2 Release procedure seems not appropriate for this use case for at least two reasons:
1. It is a Class 2 procedure, hence there is no possibility to signal anything from the receiver to the sender without involving yet another procedure;
2. It is currently defined to signal that a signaling connection is already unavailable, hence its definition would need to be modified to be able to use it in this case.

For the reasons above, we believe it is more appropriate to define a new Class 1 procedure (X2 Removal).
Proposal 3: RAN3 should define a new Class 1 procedure (X2 Removal), consisting of X2 REMOVAL REQUEST / RESPONSE / FAILURE messages.

Possible signaling flows for this proposed new procedure are shown in Figure 1 below.
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Figure 1 Possible signaling flow for X2 Removal: normal condition (left); failure case (right).
2.3 Possible Additional Use Cases and Node Behaviors
Some additional use cases and behaviors were discussed in the e-mail discussion.

It seemed beneficial to provide support for a temporary X2 removal in case of e.g. a planned maintenance window. In this case, we could envisage a “time to wait” being signaled in the X2 REMOVAL REQUEST, so that in case X2 removal is successful, the receiving eNB shall not retry to set up X2 to the sender before the specified time. This seems beneficial for the operator because it avoids the need to e.g. re-enable autonomous X2 setup after maintenance has been performed.
The above can be considered as an optimization, however its support in the X2 Removal procedure seems very straightforward (e.g. by including additional optional information in the X2 REMOVAL REQUEST). For this reason, we have a slight preference toward supporting the above from the start.
Proposal 4: RAN3 should discuss the use case of the temporary X2 removal and agree that it is straightforward to support it from the start.
Furthermore, it seems also beneficial to consider the case when eNB2 is not able to immediately consent to the removal of X2 with eNB1, but is able to give an indication to eNB1 of a certain waiting time before attempting removal again. This is conceptually similar to the case of X2 Setup failure with the Time To Wait IE sent back to initiating eNB. It seems straightforward to support this using the same IE used in the X2 SETUP FAILURE message.

Proposal 5: RAN3 should discuss the issue of waiting time between X2 removal attempts, and agree that it is straightforward to support it from the start with the same IE used in the X2 SETUP FAILURE message.
We believe that also the behavior of the nodes after the procedure has completed requires further attention. Even without deeper studying OAM and NRT implications, it seems reasonable to at least be able to distinguish the following two cases:
1. The receiver shall not attempt to set up X2 to the sender again;

2. The receiver is allowed to set up X2 to the sender again if needed.

The two cases above may correspond to two different scenarios.
The first case may correspond to e.g. network densification resulting in a different deployment scheme, and the operator may have determined that X2 between the given two nodes is to be avoided. A similar issue might arise in case one or more cells are picked up by UEs well outside their planned coverage area (e.g. due to abnormal radio propagation conditions).
The second case may correspond to e.g. a “periodic clean-up” of unused X2 connection, but nothing in the deployment or the configuration precludes their being set up again. A similar issue might possibly arise for all those cases where it may be desirable to “rank” neighbor eNBs according to e.g. activity level or traffic volume.

We believe that also the scenarios above are very straightforward to address using e.g. a “do not retry” IE in the request, and we think it is worth the effort to support it from the start.

Proposal 6: RAN3 should discuss the issue of whether eNBs are allowed to set up X2 ever again after the procedure completes, and agree that it is straightforward to support such scenarios from the start.
Proposal 7: Discuss and agree the Stage 2 and Stage 3 CRs [2]

 REF _Ref402169355 \r \h 
[3] provided.

There may be an impact on OAM specifications due to the introduction of X2 Removal, but such impact (if any) is outside of the scope of RAN3. Because of this, it may be appropriate to liaise SA5 so they may update their specifications.
Proposal 8: Discuss whether liaising SA5 is needed; in case it is agreed to send an LS, a draft is provided in [4].
3 Conclusions and Proposals
We have further analyzed the issue of X2 removal between two  eNBs and proposed a way forward; we are also providing Stage 2 and Stage 3 CRs for further discussion. Our proposals are summarized below.
Proposal 1: In order not to break existing functionality, an X2 interface shall not be autonomously removed if one or more X2 procedures are still running over that interface.
Proposal 2: X2 interface removal can be either triggered by OAM or autonomously initiated e.g. after a period of interface inactivity; this is left for implementation.
Proposal 3: RAN3 should define a new Class 1 procedure (X2 Removal), consisting of X2 REMOVAL REQUEST / RESPONSE / FAILURE messages.

Proposal 4: RAN3 should discuss the use case of the temporary X2 removal and agree that it is straightforward to support it from the start.

Proposal 5: RAN3 should discuss the issue of waiting time between X2 removal attempts, and agree that it is straightforward to support it from the start with the same IE used in the X2 SETUP FAILURE message.

Proposal 6: RAN3 should discuss the issue of whether eNBs are allowed to set up X2 ever again after the procedure completes, and agree that it is straightforward to support it from the start.

Proposal 7: Discuss and agree the Stage 2 and Stage 3 CRs [2]

 REF _Ref402169355 \r \h 
[3] provided.

Proposal 8: Discuss whether liaising SA5 is needed; in case it is agreed to send an LS, a draft is provided in [4].
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� Of course, if an X2 RESET has been performed, then this issue does not exist and the X2 interface can be removed.





