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1 Introduction 
The introduction of an X2 proxy between eNBs & HeNBs has been the subject of numerous discussions over the last few RAN3 meetings and a number of issues have been raised during the discussions. One of those issues is the impact of an SCTP association failure/shutdown between the X2 Proxy and HeNB. 

This document discusses this issue in more detail for the Full X2 Proxy. While solutions for the switch off can be found as presented in tdoc R3-130643, it shows that the switch on case is still an issue for the Full X2 Proxy, while R3-130643 also provides a solution for the X2 Routing Proxy.
2 Discussion

2.1 SCTP Association failure with the Full X2 Proxy approach

The proposal for the introduction of a Full X2 proxy has highlighted a number of issues. One such issue is how to handle the failure or shutdown of the SCTP Association between the Full X2 proxy and a HeNB. The following diagram shows an example scenario whereby the SCTP association fails between the Full Proxy & the HeNB (e.g. due to the HeNB being powered off) and subsequently the HeNB is powered on again. In order to help understanding of this scenario the diagram also illustrates the setup of the SCTP Association.
Note: In this scenario eNB#1 has initiated TNL address discovery to HeNB#2, which has responded with the requested information, but for clarity the details of this procedure is not shown on the diagram.
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The diagram above shows the Full X2 proxy terminating/initiating X2 messages as required. The first part of the scenario is for an X2AP to be established between eNB#1 and the Full proxy and another X2AP to be established between the Full proxy and HeNB#2. However it is not totally clear when exactly the SCTP Association between the Full proxy & HeNB#2 is established, as the diagrams show it being established before the Full proxy receives an X2 Setup Request from eNB#1.
Issue 1: It is not clear when exactly an SCTP Association between the Full proxy & an HeNB is established, i.e. what triggers this establishment?
After reaching the steady state of having X2 connections established between eNB#1, Full proxy & HeNB#2, if HeNB#2 is switched off at some later point the SCTP association between the latter and the Full proxy will fail. The Full proxy will detect this failure once it’s heartbeating times out.  It is assumed, based on past RAN3 discussions, that the Full proxy then triggers an eNB Configuration Update to the source eNB to indicate that the cell associated with HeNB#2 has been deleted.
Issue 2: If the Full proxy detects failure (or shutdown) of the SCTP association supporting the X2 connection towards a HeNB it informs the source eNB using the eNB Configuration Update procedure. This is a change compared to the normal usage of that message, since in the direct X2 connection case the eNB would receive an explicit indication that the SCTP association had failed or had been shutdown.  Hence the eNB needs to implement new logic, such that when the last cell is removed from a target node, the eNB will “maintain” a “virtual” X2 to the HeNB, even when the HeNB does not have an active cell.
In the scenario shown above HeNB#2 is then switched on and the relevant course of action is dependant on which node detects the other first.

In one instance HeNB#2 detects eNB#1, and after retrieving the eNB’s Configuration TNL Info. (not shown in the diagram), it sets up an SCTP Association to the Full proxy (who’s address is provided in the TNL info response from eNB#1) and then initiates an X2 Setup Request to the Full proxy. Since the X2 interface between the Full proxy and eNB#1 is still maintained, the Full proxy can respond to the Setup Request and can at the same time then inform eNB#1 that the cell (HeNB#2) is now available again via a new eNB Configuration Update procedure.  
In the second instance, eNB#1 detects HeNB#2 first, and retrieves it’s configuration info. (again not shown). eNB#1 determines that it already has an SCTP association & X2 interface established to the Full proxy (to support other HeNBs). However it’s unclear in this instance how eNB#1 can trigger the Full proxy to establish an SCTP Association & X2 interface to HeNB#2? 
Issue 3: If the eNB detects a restarted HeNB, it is not clear which procedure the source eNB uses to trigger the establishment of an SCTP Association & to establish a “logical” X2AP connection via the Full proxy to an HeNB, when it has previously established an SCTP Association & X2AP connection to the Full proxy.
One solution (shown) would be for eNB#1 (after retrieving the TNL info. of HeNB#2) to initiate an X2 Setup Request to the Full proxy, which would trigger the Full proxy to establish an SCTP Association to HeNB#2 and then send an X2 Setup Request to HeNB#2. However there are issues with this approach, since when a node receives an X2 Setup Request from a peer across an already established X2 this implies that the interface should be “reset”. Hence using this procedure would impact all other HeNBs that might also have a logical X2 “connection” via the Full proxy to eNB#1. Interestingly a similar issue exists for the initial setup scenario when e.g. eNB#1 detects a second HeNB, after already having established an X2 to the Full proxy due to detecting another HeNB.
Issue 4: If the X2 Setup Request message is used, the nodal behaviour is changed when receiving the message since no Reset should be done. This would also require changes to the X2 Setup Request procedure to clarify when an interface “reset” is required and when it is not required.
Also how would the Full proxy determine the target HeNB#2 TNL address? Initially it was envisioned that the full X2 proxy solution would be embedded within the S1 HeNB GW and hence could maintain a mapping between Cell & related TNL configuration info for every instance of a processed eNB/MME Configuration Transfer procedure. However the way forward agreed at RAN3#76 (see R3-121414), which is now part of the Work Item scope agreed for release 12, clearly excludes this possibility by stating: 
- 
Decoupling S1-GW from X2-GW. 
Therefore either a new TNL information element needs to be added in the X2 Setup Request or a “target HeNB identity” for which the Full proxy would need a mechanism to retrieve the corresponding TNL address. 

Issue 5: If the X2 Setup Request message is used, not only is the nodal behaviour changed when receiving the message, but the X2 Setup Request content itself needs to be modified with new IE(s) as in the X2 routing proxy solution, therefore cumulating in two changes for the Full proxy instead of one.
A second solution (not shown) would be for eNB#1 to send an eNB Configuration Update to the Full proxy when it detects the restarted HeNB#2. This implies that the Full proxy would then establish an SCTP Association to HeNB#2 and initiate an X2 Setup Request to that HeNB. However such a solution presents the same shortcomings as described above if the eNB used X2 Setup Request.
Also this implies that the current standardised set of actions associated with this procedure have to be modified, since currently the eNB Configuration Update procedure is used by one eNB to inform a peer eNB that e.g. additional neighbour cells have been added. It does not imply that the receiving eNB should then perform any specific action towards the added neighbour cell, only that it shall update information it maintains about the reporting eNB.

Practically, the Full proxy has to decode the Neighbour Information IE for all Served Cells of eNB#1, and if it finds an added neighbour cell for one of the Served Cells, it will probably need to trigger an SCTP INIT followed by X2 Setup Request (TBC – see Issue #1). This is not only a change in the support of the eNB Configuration Update procedure but also a change to the ANR model. 

Issue 6: If instead an eNB Configuration Update message is used, not only would the nodal behaviour be changed when receiving the message, but the eNB Configuration Update content itself would need to be modified with new IE(s) like for the X2 routing proxy solution, therefore cumulating in two changes for the Full proxy instead of one.
Finally, if eNB#1 discovers another HeNB cell (HeNB#3) but doesn’t want to establish an X2 connection to it, according to the current ANR model, it will signal this additional HeNB#3 in a Neighbour Information IE to inform other neighbours of the newly detected cell, e.g. HeNB#1, HeNB#2. However it is unclear how the Full proxy will determine that in this case eNB#1 doesn’t want to establish an X2 to HeNB#3 ?
Issue 7: Due to the reuse of the Neighbour Information IE with a new “abusive” meaning, it is unclear how the Full proxy can differentiate the scenario when an eNB wants to simply signal a newly detected HeNB to other neighbours of the eNB, but does not require the Full Proxy to setup an X2 connection between the eNB and that newly detected HeNB.
3 Conclusion and proposal
This paper has outlined a number of questions & issues that are specific to the handling by the Full X2 Proxy of HeNB switch on after HeNB switch off. 
Proposal: It is proposed to split the open point “Handling of HeNBs switch on/off” into two parts to differentiate between the switch off issue and the switch on issue. While solutions exist for the switch off case applicable to all proxies (see tdoc R3-130643), the case of “switch on after switch off” is still unresolved for the Full X2 Proxy and it is proposed that it is kept as an open point. 
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