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1 Introduction

New functionality to signal X2 removal between eNBs has been introduced in Rel-12 following a proposal from several operators [1]. Discussion about additional scenarios was postponed to Rel-13. In this contribution we provide further analysis and propose a way forward.
2 Discussion
In Rel-12, 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, according to the implementation. The additional requirement to have “consent” for interface removal and the possibility for the receiving eNB to deny its consent resulted in the adoption of a Class 1 X2AP procedure. Some additional scenarios for X2 removal were briefly presented [2] and discussed over e-mail, but it was decided to postpone them to Rel-13. They are briefly analyzed in the following sections for further discussion.
2.1 Temporary X2 Removal
The first scenario considered is removal of one or more X2 interfaces in case of a planned maintenance window. In this case, the operator may want the removal to be only temporary, and to be restored back to normal after the maintenance. With the current functionality this requires several actions from the operator:

1. Manually disable autonomous X2 setup on all involved eNBs (to avoid any possible automatic X2 setup attempts by neighbors toward the eNB under maintenance, which would surely fail causing unnecessary signaling);

2. Trigger X2 Removal from the eNB undergoing maintenance;

3. After maintenance is over, re-enable autonomous X2 setup on all involved eNBs;

4. Wait for all eNBs to autonomously set up all required X2 interfaces.

For consistency with operator requirements in [1] (namely that the whole process should be automated as much as possible), it seems desirable to also automate X2 restoration after temporary removal.

Proposal 1: RAN3 should discuss the use case of temporary X2 removal and agree that it is beneficial to support and automate it according to the operator requirements.
It is feasible to achieve this by signaling a “temporary stop” and a “timer” indication in the X2 REMOVAL REQUEST message, so that the receiving eNB shall not attempt 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. disable and re-enable autonomous X2 setup: the 4 steps above become only 2 (triggering X2 Removal and waiting for autonomous restoration of all X2 interfaces involved). Notice that in this case the autonomous restoration may be faster, since all eNBs will know when to start retrying.
Proposal 2: By signaling an optional “temporary stop” and a “timer” indication in the X2 REMOVAL REQUEST message, the temporary removal of X2 can be fully automated.
2.2  “Cannot Remove X2 Now, Please Try Later”
In this scenario, the receiver of the X2 REMOVAL REQUEST message is unable to initiate X2 removal (e.g. because one or more X2 procedures are still ongoing with the sender, or because it is about to initiate some action which requires the presence of X2). With the current functionality, the receiver simply fails the procedure with an appropriate cause value, leaving it to sender implementation to retry X2 removal after a certain time. Notice that this may cause a sequence of unsuccessful removal attempts, leading to unnecessary signaling.
In case the receiver is able to estimate when it will be able to remove X2, it is beneficial for the sender to know this information to avoid unsuccessful retries. Notice that this is conceptually similar to the case of X2 Setup failure, with the receiver sending the Time To Wait IE back to the sender to signal the temporary inability to comply with the request. It seems therefore appropriate to support the same use case also for X2 removal.
Proposal 3: RAN3 should discuss the use case of “cannot remove X2 now, please try later” and agree that it is beneficial to support it in order to avoid unnecessary removal attempts, similarly to X2 setup failure.

It seems straightforward to support this scenario in the same way as for X2 Setup, by signaling a “time to wait” in the X2 REMOVAL FAILURE message.

Proposal 4: By signaling an optional “time to wait” indication in the X2 REMOVAL REQUEST message, the temporary inability of the receiver to remove the X2 can be supported.
2.3 “Do Not Attempt X2 Setup Again”

In this scenario, the operator is densifying the network in a certain neighborhood, deploying additional eNBs between existing ones which already have X2 interfaces set up. In this case, the X2 between the two existing eNBs may not be needed any more. This might also be the case if one or more cells are picked up by UEs well outside their planned coverage area (e.g. due to abnormal radio propagation). Any subsequent attempt by either eNB to set up X2, which may or may not be successful, will lead to a waste of internal resources (and potentially even mobility failures). With the current functionality, to support the above scenario the operator needs to manually set the “No X2” flag for all the cells in the Neighbor Relationship Tables of all the eNBs involved.
Notice that this is different from the use case of e.g. “clean-up” of unused X2 interfaces, where the operator does not want to preclude future automatic X2 setup as needed. This use case is already supported by the current functionality.

Proposal 5: RAN3 should discuss the use case of “do not attempt X2 setup again toward the sender” and agree that it is beneficial to support it in order to avoid wasting resources and reduce manual intervention.

This scenario seems straightforward to support by signaling an optional “do not retry” indication in the X2 REMOVAL REQUEST message: the receiving eNB will not attempt X2 setup toward the sender again.
Proposal 6: By signaling an optional “do not retry” indication in the X2 REMOVAL REQUEST message, the scenario where X2 setup attempts toward the sender are to be prevented, can be supported.

3 Conclusions and Proposals
In this paper we have presented three additional scenarios, related to X2 removal, which we believe an operator may encounter. Supporting them through extensions of the current X2 removal functionality seems extremely beneficial for the operator and very straightforward.
Our proposals are summarized below.
Proposal 1: RAN3 should discuss the use case of temporary X2 removal and agree that it is beneficial to support and automate it according to the operator requirements.
Proposal 2: By signaling an optional “temporary stop” and a “timer” indication in the X2 REMOVAL REQUEST message, the temporary removal of X2 can be fully automated.
Proposal 3: RAN3 should discuss the use case of “cannot remove X2 now, please try later” and agree that it is beneficial to support it in order to avoid unnecessary removal attempts, similarly to X2 setup failure.

Proposal 4: By signaling an optional “time to wait” indication in the X2 REMOVAL REQUEST message, the temporary inability of the receiver to remove the X2 can be supported.
Proposal 5: RAN3 should discuss the use case of “do not attempt X2 setup again toward the sender” and agree that it is beneficial to support it in order to avoid wasting resources and reduce manual intervention.

Proposal 6: By signaling an optional “do not retry” indication in the X2 REMOVAL REQUEST message, the scenario where X2 setup attempts toward the sender are to be prevented, can be supported.

Proposal 7: If RAN3 agrees to the proposals above, we will provide an appropriate CR for X2AP.
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