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1 Introduction

RAN3 is currently working on architecture, connectivity requirements and signaling principles for a standardized X2-GW. According to the way forward in [1], one of the open issues is how to handle a HeNB that powers down in a controlled manner.
There might be different possible approaches to this problem. One possibility is to involve the HeNB-GW as proposed in [2], capturing the IP address of the eNB and providing it to the HeNB as a way of handling HeNB shutdown. We believe this approach not to be correct, for the reasons we will see below. We prefer instead to handle HeNB switch-on/off events within the X2-GW, since this provides a solid solution and does not require interaction with other nodes.
In principle, the required functionality could be added either in the X2AP layer or in the SCTP layer. In case it is added in the X2AP layer, this could be done by introducing a new message, as proposed in [6], or by extending and reusing an existing message, as discussed below. We believe it is most beneficial to add it in the SCTP layer, because it is possible to do so by reusing an existing SCTP message, without any extensions (thereby complying with the earlier agreement not to require changes to SCTP [3]).
2 Analysis
2.1 The HeNB-GW is Optional

When discussing similar issues in the past (e.g. the H(e)NB membership verification issue), RAN3 has always stated that the network architecture shall not change according to the function. This means that whatever solution is agreed must work for all possible architecture cases and not just a subset. The solution proposed in [2] is therefore not in line with this principle, because it only works when the HeNB-GW is deployed.
2.2 X2-GW and S1-GW Shall Be Decoupled

This principle was agreed in [3], and it can be considered as a practical application of the other, more general, principle described in Sec. 2.1 above. By agreeing on this decoupling, it was sought to enable the maximum deployment flexibility. By involving the HeNB-GW in X2-related procedures, we would introduce an additional “implicit” coupling: the S1AP functionality in the S1-GW will interact with the X2AP functionality, possibly contradicting another well-established principle that the two should be separate.

Proposal 1: We shall not involve the HeNB-GW to address HeNB switch-on/off, because this is not consistent with RAN3 principles and agreements.
2.3 Handling Switch-On/Off At Protocol Level
We believe a much simpler way to handle switch-on/off is to work within the protocols without requiring interaction with other nodes, as outlined below. The assumed architecture is shown in Figure 1.
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Figure 1 Logical network architecture with an (optional) X2-GW and an (optional) HeNB-GW.

HeNBs are assumed not to be always powered on, which means that something has to be signaled to the associated X2 connection peer(s) to inform the X2-GW and the eNBs that it will be unavailable.

2.3.1 X2AP Signaling

Let us first consider introducing such functionality in the AP layer. Introducing a new X2AP message for this purpose has already been discussed in [6]. Another option would be that the HeNB sends a deactivation message over X2AP as part of the power-down procedure. This message could be similar to the deactivation message that eNBs send when disabling cells for energy savings purposes. It is currently possible to include the Deactivation Indication IE with the value “Deactivated” in the X2AP ENB CONFIGURATION UPDATE message [4]. One possibility is to extend this IE with a dedicated value such as “Power down”. With respect to the solution discussed in [6], this has the advantage of not requiring a new X2AP message, which might require extensive behavior specification to avoid possible misuse in unrelated scenarios.
However, the “deactivation indication” approach has also some issues of its own. According to current procedure text and semantics description in [4], the Deactivation Indication IE points to energy saving purposes only: extending this IE with a new value for a different use case would be a significant change in its current meaning.
Another related issue is whether to keep the X2AP context after switch-off has been signaled. Using the Deactivation Indication IE we imply that the X2AP context is kept (energy saving use case), unless additional significant changes to the standard are made. In case uncoordinated HeNBs were ever considered for use with an X2-GW in the future, it would be better to remove the X2AP context once a HeNB has switched off, for better resource usage in the peers, because it is hard to predict if and when an uncoordinated HeNB might switch on again. For example, an uncoordinated HeNB might switch on again after being moved to a different place, in which case it might set up X2 with different neighbors. For this reason, keeping the old X2AP context in the peer after HeNB switch-off does not seem like a good idea.
Proposal 2: Indicating the unavailability of a HeNB over X2AP is suboptimal.
2.3.2 SCTP Signaling

Let us now analyze how the same functionality can be provided using the current SCTP protocol. As part of the power-down procedure, the HeNB can send an SCTP rejection message. According to [5], a very good candidate for this is the ABORT message, with CAUSE code 12 (“User initiated abort”). This particular cause code allows inclusion of an Upper Layer Abort Reason, which may be delivered to the upper layer (i.e. X2AP) on the peer side. In this message, therefore, it is possible to encode that the sender is powering down, as well as additional information if needed. Notice that this solution does not require changes to SCTP, as merely passing a failure code to the higher layers is already possible; this makes this solution fully compliant with the earlier agreement in [3]. In fact, this approach would still work even without correct interpretation of the failure message and without passing the reason to the X2AP layer, because the peer would still understand that the connection is down. For this reason, this solution is robust also across different SCTP stack implementations which might not pass the reason to the upper layers.

Proposal 3: The unavailability of a HeNB can be indicated via the existing SCTP ABORT message with existing CAUSE code 12 (“User initiated abort”), to state that the HeNB is powering down.
3 Conclusions and Proposals
In this document we have discussed some possible solutions to handle HeNB switch-on/off.
Proposal 1: We shall not involve the HeNB-GW to address HeNB switch-on/off, because this is not consistent with RAN3 principles and agreements.
We believe it is better to handle such events within the X2-GW. Our proposals are summarized below.
Proposal 2: Indicating the unavailability of a HeNB over X2AP is suboptimal.
Proposal 3: The unavailability of a HeNB can be indicated via the existing SCTP ABORT message with existing CAUSE code 12 (“User initiated abort”), to state that the HeNB is powering down.
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