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1
Introduction
An issue relative to maintenance of X2 links was acknowledged at RAN3#85bis. No explicit list of use-cases was agreed, however the following high-level scenarios for OAM maintenance operations were mentioned [1]:
· densification of LTE networks: "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"

· limited resources for X2 connections: "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."
These high-level scenarios may trigger centralized OAM-orders to remove the X2 link between an eNB1 and an eNB2. However depending on the OAM system characteristics (e.g. inter-vendor borders), the OAM-order may be desynchronized in the two eNBs and hence arrive at eNB1 at a time T1, and at eNB2 at a later time T2 due to OAM delays. 
The introduction of a new X2AP class 1 procedure as correction to Rel-12 was proposed at last meeting [1] and further studied in post RAN3#85bis email discussion. This paper focuses on aspects not covered by Rel-12 discussions so far (additional information relative to the standardization status, solution evaluation), and also provide further proposals relative to a possible standardization of the solution.
2
Current standardization status
Proposals relative to X2 removal were initially submitted to RAN3 in Rel-8 [2-7]. The following scenario overview can be found in [5]:
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It can be noted that the scenario studied in Rel-12 is a variant of scenario 1 above: identical information is provided by O&M to eNB1 and eNB2, but arrives at the eNBs at different points in time due to O&M delays.
Two solutions were discussed in Rel-8 [5]. The first is based on existing functionality in the SCTP layer to close the SCTP association:
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The second solution in [5] is based on the introduction of an X2AP class 1 procedure:
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It seems that the proposed X2AP procedure was not considered essential in Rel-8. The proposal was not resubmitted in later releases. This means that X2 removal since Rel-8 has, in absence of application layer specification, relied on SCTP functionality (TS 36.422: "SCTP (IETF RFC 4960 [5]) shall be supported as the transport layer of X2 signalling bearer.").
Observation 1: X2 removal has relied on SCTP functionality since Rel-8.
3
Solution evaluation for Rel-12 scenario
The scenario given priority in Rel-12 is, as mentioned:
· OAM triggered X2 removal (at T0)
· eNB1 receives order to remove X2 at T1

· eNB2 receives order to remove X2 at T2

The following should happen based on the SCTP procedure (solution 1):
· At T1, eNB1 will trigger SCTP shutdown (no cause provided)
· If eNB2 doesn't reattempt establishment of X2, X2 has been successfully removed.

· Otherwise:

· eNB2 attempts to reestablish the SCTP association

· eNB1 may accept the reestablishment
· At T2, eNB2 will trigger SCTP shutdown

· eNB1 will not attempt to reestablish the SCTP association

Based on a new X2AP procedure, the following should happen (solution 2):

· At T1, eNB1 will trigger the X2AP X2 Removal procedure.

· eNB2 will reject the procedure – the X2 link will be maintained. eNB1 

· At T2, eNB2 will trigger the X2AP X2 Removal procedure.

· eNB1 will accept the procedure – and the X2 link will be removed by means of SCTP functonality.

It can be seen that for both solutions X2 removal will be successful at T2 at latest. The main difference between the two solutions is that solution 1 has a risk of an additional X2 setup / tear-down sequence during the period of time between T1 and T2.
Observation 2: For the scenario studied in Rel-12, the main difference between the two solutions is that solution 1 has a risk of an additional X2 setup / tear-down sequence during the period of time between T1 and T2.

Probably avoidance of the additional X2 setup / tear-down sequence does not by itself justify introduction of a new X2AP procedure for the use-case proposed for Rel-12, where OAM anyway has taken the decision to remove the X2 link. Neither is it clear whether the existence of other scenarios, e.g. as proposed in Rel-8 [5], may justify such procedure.
Proposal 1: Before confirming the agreement to introduce an X2AP procedure for X2 removal, RAN3 should identify use-cases that can justify such introduction.

4
Discussion and proposals
If RAN3 confirms the agreement to introduce an X2AP procedure for X2 removal, care should be taken to ensure that the new procedure smoothly fits in as an enhancement to current standard, and that backwards compatibility is ensured. In particular we believe it is important that the procedure has main focus on application layer actions, i.e. removal of X2AP context information which is today not covered by any X2AP procedure. 

Removal of the X2 SCTP association will be a question of the number of X2-C interface instances carried on the SCTP association. Deployments without X2 GW will have a 1:1 relationship, while SCTP links in X2 GW deployments may carry multiple X2-C interface instances:
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Proposal 2: If RAN3 confirms the agreement to introduce an X2AP procedure for X2 removal, the requesting node (eNB1) shall trigger removal of the X2 SCTP association upon successful outcome of the X2AP procedure, provided that only a single X2-C interface instance is carried on the concerned SCTP association.
5
Conclusion
We have looked back at the standardization status relative to X2 removal, and made the following observations:

Observation 1: X2 removal has relied on SCTP functionality since Rel-8.

Observation 2: For the scenario studied in Rel-12, the main difference between the two solutions is that solution 1 has a risk of an additional X2 setup / tear-down sequence during the period of time between T1 and T2.

The following proposals are made:
Proposal 1: Before confirming the agreement to introduce an X2AP procedure for X2 removal, RAN3 should identify use-cases that can justify such introduction.

Proposal 2: If RAN3 confirms the agreement to introduce an X2AP procedure for X2 removal, the requesting node (eNB1) shall trigger removal of the X2 SCTP association upon successful outcome of the X2AP procedure, provided that only a single X2-C interface instance is carried on the concerned SCTP association.
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Under some circumstances, however, it may be necessary for the X2 link to be terminated. Possible scenarios leading to this are as follows:


O&M specifically sets a “no X2” constraint for all relevant neighbour relationships in the NCT. Note that this might have been caused by different issues e.g. transport aspects or radio reasons


eNB autonomously decides to drop cell from the NCT – this could be triggered by the action of a SON algorithm resident in the eNB or elsewhere.


eNB is attempting to shutdown for maintenance in a graceful manner


In the first scenario, it has been clarified that the eNB will not initiate procedures over X2 towards the “target” eNB, but could in principle maintain the X2 and the SCTP association. However the eNB may want to clean up its X2  and neighbour relationships. Note that in this scenario, it is likely (but not necessary) that identical NCT attributes would have been applied to both eNBs.


In the second scenario, this could happen if O&M has not set the “no remove” flag. In this case, it is possible that one of the eNBs will decide to drop a neighbour cell from its list. If this is the only remaining neighbour belonging to another eNB, then it would be reasonable for the eNB to drop the X2 link too. Note that in this case nothing can be said about the state of the NCT of the “target” eNB.


Note that a deletion decision could be driven by several factors, in isolation or together, but these do not have to be discussed. For example, such a decision might also be triggered by lack of useful support for ICIC, a measured low value of ICIC information, HO performance, UE reports etc.


In the third scenario, it would be desirable for all X2 links to be closed, but it is important that the associated eNBs do not respond to this by attempting to restore the SCTP association. Note that in the multi-vendor case, it is not necessarily the case that other eNBs will be aware of a maintenance shutdown of a peer eNB through O&M.


From the above, we conclude that it is possible that only one of the eNBs triggers the deletion action. However the triggering eNB does not know whether the peer eNB is agreeable to terminating the X2, which opens the issue of how this can be done in a stable manner and without X2 ping-pong. 











SCTP provides for graceful closure of an active association on request from the SCTP user using SHUTDOWN [1].  SCTP also allows ungraceful closure, either on request from the user (ABORT primitive) or as a result of an error condition detected within the SCTP layer.  Note that SCTP does not support a half-open state so that when either endpoint performs a closure, the association on each peer will stop accepting new data from the application and only deliver data in queue at the time of the graceful close. [...]








Initiating message: X2 SHUTDOWN REQUEST (including a cause value)


Successful outcome response message: X2 SHUTDOWN ACK


Unsuccessful outcome response message: X2 SHUTDOWN REJECT (possibly also including a cause value)

















TS 36.420:


A single SCTP association per X2-C interface instance shall be used, except when the X2 GW is used.


Only when the X2 GW is used to connect one eNB to one or more specific eNB(s), all X2-C interface instances from that eNB to the relevant eNB(s) are carried over the same SCTP association from that eNB to the X2 GW, and over separate SCTP association(s) from the X2 GW to the relevant eNB(s).
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