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1 Introduction

At the last RAN3 meeting, several proposals were discussed on how to handle a HeNB switch-off through an X2-GW, and they can be classified in two groups. One proposes to handle such event in the X2AP layer with a new appropriate Class 2 procedure [1]

 REF _Ref363660459 \r \h 
[2]

 REF _Ref363660461 \r \h 
[3], and the other proposes to handle such events in the SCTP layer reusing existing signaling [4]

 REF _Ref363662765 \r \h 
[5].

We would like to discuss the alternatives above, analyzing the switch-off event in two phases:
1. The HeNB switches off (in case of graceful switch-off  it can explicitly signal the event to the X2-GW);

2. The X2-GW signals the event to the other peers.

It is perhaps beneficial to analyze these two phases separately. The discussion in this paper applies to both routing proxy and full proxy, unless specified.
2 Discussion
2.1 HeNB Switch-Off
2.1.1 Graceful Shut-Down
A graceful HeNB shut-down happens in all cases where a planned shutdown has been triggered, e.g. for a maintenance event).

As part of the HeNB shut-down procedures, all its SCTP associations will be terminated, according to [6], using the SCTP SHUTDOWN message. Another possibility for the HeNB switching off is to use the SCTP ABORT message with existing CAUSE code 12 (“User initiated abort”) as already discussed in [5]. The advantage of the second alternative is that it allows the inclusion of an Upper Layer Abort Reason which may be delivered to the upper layer (i.e. X2AP) on the X2-GW side. It is possible, therefore, to encode that the HeNB is powering down, as well as additional information.
In either case, it is worth noting that it is not necessary to send any X2AP message from the HeNB to the X2-GW, since SCTP termination will always be performed at some point, and this will signal to the X2-GW that the node is becoming unavailable.

2.1.2 Ungraceful Shut-down

An “ungraceful” shut-down happens when due to unforeseen reasons the HeNB becomes unavailable (e.g. sudden loss of connectivity and/or power, or hardware failure). In this case, the SCTP layer in the X2-GW will detect the loss of connection and declare the connection lost after some time (depending on the implementation). Also in this case, the X2AP layer in the X2-GW is not involved but will be eventually notified of the loss of connection.
Proposal 1: The HeNB does not need to signal over X2AP that it is switching off, since both graceful and ungraceful shut-down cases are handled by the SCTP layer.

2.2 Signaling the Event from the X2-GW to the Other Peers
As seen in the previous section, the X2-GW has the identity of the HeNB that has switched off, so it can signal this to the other X2 end.
There are two possibilities to signal this information to other (H)eNBs
:
a) Over SCTP, with the existing ABORT message and CAUSE code 12 as proposed in [5];

b) Over X2AP, with a new message (X2 RELEASE message as proposed in [1] or X2 SIGNALLING BEARER UPDATE message as proposed in [3]).

In either case, the X2-GW should signal at least the HeNB identity (within the Upper Layer Abort Reason for option a) or as an included IE for option b)).
It is interesting to note that for the case of routing proxy, signaling the IP address or the Global eNB ID of the switched-off HeNB to the receiving (H)eNB is equivalent, since the receiving (H)eNB already has an association between the two. On the other hand, for the case of full proxy, the Global eNB ID of the switched-off HeNB must be signaled since it cannot be assumed that such an association exists in the receiving (H)eNB.
Proposal 2: For the case of routing proxy, either the IP address or the Global eNB ID of the switched-off HeNB may be signaled to the receiving (H)eNB; for the case of full proxy, the Global eNB ID must be signaled.
We also note that the use of a) or b) is not strictly related to which kind of proxy we are considering: either option can be used for both routing proxy and full proxy. Of course, it has to be noted that signaling the Global eNB ID with option a) implies sending an RNL address over the TNL layer, which constitutes a layer violation. But either option will work for both cases none the less.
Observation: The identified mechanisms to signal HeNB switch-off from the X2-GW to the other X2 peer, seem to work for both routing proxy and full proxy.
If the X2-GW itself can send out the notifications only to those concerned, this would considerably save on signaling. It is worth noting that without this capability, for every switch-off event there will be a massive signaling surge to all (H)eNBs connected to the same X2-GW.
Proposal 3: In order to avoid signaling surges, the X2-GW should signal the HeNB switch-off only to the (H)eNBs that had set up X2 interfaces with the HeNB.

3 Conclusions and Proposal
We have analyzed the switch-off scenario by looking at the two different phases: signaling from the HeNB switching off to the X2-GW, and from the X2-GW to the target (H)eNB(s). We have also looked at both graceful and ungraceful shut-down scenarios.
Proposal 1: The HeNB does not need to send any X2AP message to the X2-GW to signal it is switching off, since both graceful and ungraceful shut-down cases are handled by the SCTP layer.

Proposal 2: For the case of routing proxy, either the IP address or the Global eNB ID of the switched-off HeNB may be signaled to the receiving (H)eNB; for the case of full proxy, the Global eNB ID must be signaled.
Proposal 3: In order to avoid signaling surges, the X2-GW should signal the HeNB switch-off only to the (H)eNBs that had set up X2 interfaces with the HeNB.
Proposal 4: Proposals 1 and 3 apply regardless of the type of proxy.
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� We discussed in a previous paper � REF _Ref363662765 \r \h ��[5]� the various drawbacks of reusing an existing X2AP message for this purpose.





