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1 Introduction

RAN3 has spent a considerable amount of time on the X2-GW. Discussions on this topic started as far back as Rel-10 [1], a SI was then approved for Rel-11 [2] resulting in a TR [4], and then a WI was approved for Rel-12 [3]. As part of the WI discussions, RAN3 has prioritized two out of the three architecture options in the TR (the routing proxy and the full proxy). For the last few meetings the discussions on the architecture options have been put aside: the focus has been on identifying mechanisms to set up X2 and discover peer IP addresses. At the last RAN3 meeting, such mechanisms were down-selected to only two [5]. The next logical steps would be to down-select between these two, and then take a decision on which architecture option to choose.

We believe RAN3 has done a remarkable job in working towards a quality architecture (as usual), yet we also doubt that the X2-GW might be a compelling feature in LTE. The choices and compromises that had to be made up to now, together with the open issues still to be adequately addressed, are strong signals to this. Moreover, it was pointed out that while all other features specified or being discussed by RAN3 go towards a tighter integration and interoperability (an extremely likely and desirable scenario in the coming years), the X2-GW goes in the opposite direction, inserting an intermediate layer between cooperating RAN nodes.
In this paper we would like to point the group’s attention to the above issues, proposing a further reflection on how to proceed on this topic.
2 Discussion
2.1 Early Phases

Discussions on direct vs. indirect X2 for HeNBs in RAN3 first started in 2010. Back then, RAN3 was discussing the relaying architecture, and there was a widespread goal to try to “densify” networks with no or little impact to existing sites. “Cooperative” RAN features like CoMP, ICIC, HetNet, enhanced mobility etc. were in very early stages of discussion, so a tighter RAN integration was presumably not seen as a compelling feature for the foreseeable future.

Indeed, reusing the DeNB X2 proxy functionality for HeNBs was seen by some as a natural evolution of the HeNB-GW. The idea of hiding the entire HeNB “world” behind a sort of super-node, however, had deeper implications. It was later documented [4] that having all HeNBs show up as cells to a single eNB, like RNs connected to the same DeNB, had several drawbacks. It was also pointed out that proxying X2 would imply twisting X2, a “horizontal” and cooperative interface among peers, into a “vertical” and possibly master/slave interface like S1: standardizing this would be a significant change in architecture, so it might be justified to leave such functionality to implementation [6][9]. 
A few companies (including some which were not eNB vendors) hinted on the possible reduction in the number of SCTP connections in eNBs, suggesting to operators that this was an issue to be addressed. It was then shown that huge numbers of SCTP connections are not a problem even for hardware which today we would call consumer-grade [7].

2.2 X2-GW Scenarios

All throughout the work for Rel-10 and Rel-11, RAN3 concentrated on direct X2 scenarios involving HeNBs (like those proposed in [8]), which were agreed to be much more useful to operators. X2 for HeNBs was first standardized in Rel-10 with some conditions, and further scenarios were agreed in Rel-11 while the issue of the X2-GW was sidetracked for quite some time.
Observation 1: The prioritization in RAN3 of X2-GW shows that it was deemed less urgent and useful for operators than direct macro-femto enhanced mobility.
2.3 Recent Discussions

After resuming discussions on X2-GW, other alternatives to the “DeNB-like” X2 proxy were proposed [10]
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[11] and discussed. It was also debated whether there was any possible gain in security or IOT by using an X2-GW, and RAN3 found no clear answer [4].
When looking at the agreed way forward for a standardized X2-GW [12], we can note that the general issues mentioned earlier are still there. In particular, the following: “X2 interface to the X2-GW shall reuse SCTP without any changes.” [12] This implies that all the complexity of the X2-GW will reside in the X2AP layer – RAN3 deliberately chose to accept a “man in the middle” and to “verticalize” a widely used direct peer-to-peer interface. This is only partially mitigated by the agreed separation of the X2 proxy from the S1proxy.

The number of open issues in [4] still to be addressed is worth noting. On a quick browse, the TR lists 22 open issues for the full proxy, 2 for the routing proxy, and 4 for the SCTP concentrator. While it might be tempting to judge the alternatives on the number of open issues, a more general conclusion is possibly that none of the alternatives seemed so compelling as to suggest a clear choice. The best RAN3 could do was to down-prioritize the SCTP concentrator.
By the way, all architecture alternatives equally violate existing agreements on how X2 is mapped onto SCTP (currently there shall be only one SCTP association between any two eNBs [17]). We might ask ourselves if it is worth it to redefine such fundamental building blocks because of the X2-GW. In particular, mapping several X2 interfaces on the same SCTP association to the X2-GW might even be seen as an additional burden on the HeNBs.

Observation 2: None of the X2-GW architecture alternatives studied up to now seemed so compelling as to suggest a clear choice.
A further set of agreed connectivity principles [13] reinforces this impression. In particular, it was agreed to leave the flexibility to use either direct or indirect X2: this is yet another sign that the group could see no clear benefit in using only indirect X2 connections.
Observation 3: No clear benefit in using only indirect X2 connections can be seen from current agreements.
2.4 Current Status
RAN3 has temporarily put aside the issue of architecture selection. In the last few meetings we have concentrated on possible architecture-agnostic mechanisms for X2 setup message routing and IP address discovery [15]
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[16]. Two have been finally down-selected from the original seven identified. Additional general requirements in [14] had also been agreed in the meantime.

3 Conclusions and Proposal
Up to now, RAN3 has spent a considerable amount of time discussing the X2-GW as a SI and a WI over a period of roughly 2 years, producing among other things:

· A very articulate 24-page section in a TR;

· 3 architecture alternatives (later down-selected to 2, for which a total of 24 open issues was identified);

· No fewer than 4 “Way Forward” documents;
· 7 alternatives for X2 setup routing and IP address discovery (later down-selected to 2).

Yet, as we observe above, this topic seemed never to be considered particularly compelling by a number of operators; perhaps for this reason the technical alternatives we considered did not seem to point to a clear choice. Arguably, this may be the reason why the discussion has proven so articulate and cumbersome up to now.

Given the analysis and observations above, we propose:

Proposal 1: RAN3, the operators in particular, should take one more look at this topic, reflecting on its relevance and benefits with respect to the complexity of the solutions identified so far.

Proposal 2: After obtaining input from operators, RAN3 should evaluate the option of stopping the discussion on the X2-GW.
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� This is particularly striking if we compare this topic to, for example, mobile relay. Even though many more possible alternatives were considered during the mobile relay study, the scenario was very clear from the beginning so possible benefits were easier to analyze. This arguably helped in pointing towards a clear choice in the end.





