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1 Introduction 
This paper compares the two X2AP based candidate solutions for HeNB registration.

They were described in the way forward paper [1] as:

· Solution 1: Registration via X2 setup: When the eNB discovers the HeNB, it triggers the enhanced TNL address discovery and gets two IP@: the one of X2GW and the one of HeNB. eNB triggers X2 setup Request message to the X2 GW including the target HeNB ID and the target HeNB IP@. The X2GW stores this information as registration. 

· Solution 2: Registration via X2AP: an X2AP message is used for the registration procedure. 

This paper shows that solution 1 breaks the fundamental goal for this X2GW work item and proposes to go for solution 2. It then further proposes a small improvement of solution 2.
2 Discussion 
Selection between solution 1 and solution 2
We believe that solution 1 relies on a principle which contradicts the essence of the X2GW.
As per the X2GW requirements in [2] agreed at RAN3#79…
Rev R3-130380, endorsed unseen (requirements are agreed)
…the purpose of the X2GW, among others, is to mitigate the scalability issue of the TNL discovery procedure for the MME. That is to say, to try to avoid significant impact on the MME, due to the potentially large number of TNL discovery procedures that may be triggered by an eNB when the eNB wishes to discover information about connected HeNBs, especially since the HeNBs may be frequently switched on/off. See extract from R3-130380:
· scalability related to TNL address discovery: considering a large number of HeNBs in connection with the eNB, the solution should also possibly provide gain in terms of reducing the signalling overhead induced by the TNL discovery process of all those eNBs and HeNBs. Relevance of this item is connected to the “IP address requirement” described here-below. 

Solution 1 basically consists of (mis)using the TNL discovery procedure from an eNB to register the HeNB to the X2GW.

This should be exactly the opposite, as per [2] quoted here-above: indeed, one should take advantage of the X2GW when deployed and trigger immediate registration from the HeNB to the X2GW via X2AP, to avoid using the TNL discovery unnecessarily.

Immediate registration of the HeNB with the X2GW via X2AP whenever the HeNB switches on comes at no cost for the MME and eNB: it was actually agreed that the HeNB is pre-configured with the IP@ of a deployed X2GW and hence can use solution 2 straight away to register with the GW. 
In contrast, Solution 1 therefore has two obvious major disadvantages: 
· When the eNB detects the HeNB, it cannot know if the HeNB is already registered with X2GW and it must therefore always trigger a TNL discovery procedure,

· In the other direction, assuming the same principle is used, if the HeNB detects first the eNB, the HeNB cannot know if the eNB is already registered with the X2GW and it must therefore trigger a TNL discovery procedure (which most of time is completely unnecessary since very likely another HeNB would have had previously detected that eNB).   

We therefore conclude to agree solution 2:
Proposal 1: to reduce the use of the TNL address discovery procedure, agree solution 2 and also that the HeNB/eNB always registers at power on with a X2GW (if one is deployed). 
Improvement of solution 2
Further, to try and implement the requirement in [2] and avoid the use of the TNL address discovery procedure at HeNB switch on/off, one could (should) even  enhance the solution 2 as follows:
HeNB discovers the eNB: when it detects the eNB, the HeNB can effectively immediately send an X2 Setup Request message to the X2GW it has registered with. The eNB will respond with an X2 setup response via the X2GW and the X2 interface will hence be established via the X2GW. However, if the eNB prefers to support a direct X2 with the HeNB, the eNB will send back an X2 Setup Failure to the HeNB via the X2GW. Ordinarily the HeNB would then have no other choice than to trigger the TNL address discovery to get the IP@ of the eNB to then trigger the establishment of the direct X2 interface. However in order to avoid having to use the TNL discovery procedure, the eNB could simply include its IP@ in the X2 Setup Failure message. 
Proposal 2: include the IP@ of the sender in the X2AP Setup Failure message with a possible cause value such as “direct X2 preferred”.
eNB discovers the HeNB: When the HeNB switches on and an eNB detects it, most of time the eNB will already have had a connection with that HeNB before it switched off, and therefore the eNB could store in memory the relevant X2GW (if any) that was connected to that HeNB. The eNB can then send an X2 Setup Request directly to the HeNB via the known X2GW. Therefore in this nominal case the use of  the TNL address discovery procedure can be avoided. 
In the (rare) non nominal case, e.g. first discovery, the eNB could then use the enhanced TNL address discovery procedure (the TNL address discovery procedure would hence only be used the first time that an eNB needs to discover an HeNB), or alternatively, it could use a try and failure mode whereby it successively tries each of the X2GWs that it may be connected to (expected to be typically 2 or 3 maximum, no use of TNL address discovery at all!).  
The same principle as in the scenario where the HeNB discovers the eNB can then apply: if the HeNB prefers a direct X2, it could send back its IP@ in the X2 Setup Failure message so that eNB subsequently triggers a direct X2 Setup.
Finally, in the last case where the target (H)eNB does not support X2GW, or the target (H)eNB has failed to register with the X2GW, for whatever reason, the X2GW would be unable to route the X2 Setup Request message to the target (H)eNB. Hence the X2GW would then send back an X2 Setup Failure to the source H(eNB) (straight, without any IP@ included) after which the source (H)eNB can use the TNL address discovery procedure as a fallback.
3 Conclusion and proposal
This paper has explained why only solution 2 is aligned with the requirement of using the X2GW to reduce the use of the TNL discovery procedure and how it could even be further improved to almost avoid completely the use of that procedure.

Proposal 1: to reduce the use of the TNL address discovery procedure, agree solution 2 and also that the HeNB/eNB always registers at power on with a X2 GW (if one is deployed) and CR 36.300 in tdoc R3-140261. 
Proposal 2: include the IP@ of the sender in the X2AP Setup Failure message with a possible cause value such as “direct X2 preferred”.

If these two proposals are agreed, then the X2GW will at last fulfil the requirement for which it has actually been created!
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