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1 Introduction

Discussion on the topic of whether to concentrate X2 interfaces between macro and HeNBs has taken place within the SI on H(e)NB enhanced mobility. A number of companies questioned the benefit of having such a concentration stage, while some operators saw such a feature as a way to easily avoid eventual shortcomings of a badly implemented macro eNB. The study activity resulted in 3 proposals [1]: the X2AP proxy, the SCTP concentrator, and the X2 routing proxy. At RAN3 #76 the following properties for a standardized X2-GW were agreed [2]:

· X2-GW shall be explicitly defined but optional to deploy;
· X2 interface to the X2-GW shall reuse SCTP without any changes;
· X2-GW and S1-GW shall be decoupled;
· Priority should be given to minimizing implementation impact on the eNB and HeNB, thus minimizing the standard impact;
· Minimize the complexity of the X2-GW:

· X2-GW shall not terminate UE-dedicated procedures, but only route similarly to the current HeNB-GW;

· X2-GW may terminate the non-UE dedicated procedures when appropriate.

Based on the above, in this paper we will further define requirements and properties for the X2-GW.
2 A Standardized X2-GW
The logical network architecture with a standardized X2-GW is shown in Figure 1 below: the X2-GW is a separate logical node connecting to HeNBs and to eNBs via the X2 interface.
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Figure 1 Logical network architecture with an X2-GW and a HeNB-GW. Both nodes are optional.
It needs to be resolved whether HeNBs shall have a single X2 interface to the X2-GW, which will also aggregate X2 traffic to other HeNBs, or they are allowed to have X2 interfaces to several peers, in which case the interface to the X2-GW will only carry traffic to eNBs. To maintain the spirit of maximum flexibility and minimize the impact on already deployed HeNBs (which may have already set up X2 interfaces with one another) we believe HeNBs shall be allowed to have X2 interfaces to several peers, but a single one to the X2-GW for the traffic to eNBs. This will also help to limit the complexity of the X2-GW.

Proposal 1: HeNBs are allowed to have X2 interfaces to several peers, but the single X2 interface towards the X2-GW will carry traffic to eNBs.

The introduction of an extra node on the X2 interface between (H)eNB peers will have an impact on X2 performance, especially latency; this is irrespective of the solution chosen for the node. If the operator’s objective is to have a tighter and more efficient coupling of eNBs and HeNBs, the introduction of an X2-GW will go in the opposite direction: it may then be more difficult to support enhanced mobility, heterogeneous networks, and/or CoMP with such an arrangement.

Observation I: X2 concentration goes in the opposite direction with respect to eNB/HeNB integration, enhanced mobility, heterogeneous networks and CoMP.
2.1 “Explicitly Defined but Optional to Deploy”
This aspect of the X2-GW was first introduced in [4]. The rationale for the explicit definition was that “at least the behavior of the (H)eNB can be clearly specified when establishing X2 via an X2-GW or directly” [4]. This implies that a new Stage 2 description for X2-GW functionality will be needed.
Proposal 2: A new, separate Stage 2 description for the X2-GW is needed.
2.2 SCTP Reuse

This aspect results from the objections raised about the SCTP concentrator [1] and the X2 routing proxy [5], namely that it was not sure whether the current SCTP stack could be reused without modification. It has been shown that also the X2AP proxy bears considerable open issues with respect to SCTP use [10], but on top of that, the X2AP proxy also requires considerable changes to X2AP [1].
At this point it might be appropriate, also given most of the other agreed aspects, to try to work on the open issues for the routing proxy (which also apply to the SCTP proxy, by the way).
Proposal 3: Work to resolve the open issues of the routing proxy.
2.3 Decoupling the X2-GW from the S1-GW

Generally speaking, if X2 vs. S1 latency is a concern (e.g. for enhanced mobility), X2 concentration at a single X2-GW can hardly improve performance versus S1 to the MME, especially if the X2-GW is deployed in a central location. But in case the two nodes are in the same physical site, there would be no benefit at all. Considering the X2-GW as a separate logical node from the S1-GW within the HeNB-GW, therefore, has the benefit of not adding additional constraints, and in fact gives maximum deployment flexibility enabling:

· Deployment of the X2-GW without a HeNB-GW;

· Deployment of the X2-GW locally, and of the HeNB-GW in a central location;

· Co-located deployment of both nodes, if desired.

While a lot has been said questioning the benefit of some assumptions, and in fact of the whole X2-GW concept [3][6]
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[8], we believe it is appropriate at this point to go for the maximum deployment flexibility and define the X2-GW as a separate logical node. This is also consistent with Proposal 1 above. 
Proposal 4: The X2-GW shall be a separate, and optional, logical node.
It has been suggested that the X2AP proxy proposal seems not to have this property, since it requires interaction with the S1-GW to properly support TNL address discovery and X2 setup [9]. It has also been suggested [9] that pre-configuration of the HeNBs and eNBs involved might solve this issue. The other two proposals, on the other hand, support autonomous TNL address discovery using established S1AP signaling.
2.4 Minimizing Impact on eNBs and HeNBs

Due to presumably longer investment cycles on macro than on femto, as well as more stringent service continuity requirements impacting e.g. software updates, it seems that minimizing the impact on macro is much more critical than minimizing the impact on HeNBs. The former should therefore be prioritized over the latter.
Proposal 5: Minimizing the impact of the X2-GW on eNBs should have priority over minimizing its impact on HeNBs.
It is reasonable to assume that the following 2 new functions be needed in order to interoperate with the X2-GW:

· When setting up X2 with a newly discovered target connected through the X2-GW, 2 TNL addresses will be received from the core network, using the eNB/MME Configuration Transfer procedures. One is for the target itself, and the other is for the X2-GW through which it is reachable. The source shall use this information to set up the connection to the target through the X2-GW.

· In order to identify source and target for each X2 message to be routed by the X2-GW, new routing IEs need to be added as optional extensions to X2AP messages (at least to the X2 SETUP message).

Proposal 6: Investigate the feasibility of signaling 2 TNL addresses from the CN to the (H)eNB for X2 setup, and of adding IEs with source and target addresses at least to the X2 SETUP message.
The two functions above are sufficient to ensure proper operation of the X2-GW with the eNBs; in fact, with this solution, any further X2-GW functionality (e.g. how to treat the various X2 procedures) can be considered as further optimizations that do not need to be specified.
Proposal 7: Treatment of the various X2 procedures (i.e. UE-associated vs. non-UE-associated) by the X2-GW can be left to implementation.
2.5 On X2-GW Complexity

As the number of neighbors to connect increases, the number of X2 connections may well increase more rapidly than the number of corresponding S1 connections to the core network [3]. For this reason, scalability issues for an X2-GW may be more critical than for a HeNB-GW. Proposal 4 above helps to limit the complexity of the X2-GW, since it will only be affected by the number of X2 connections between eNBs and HeNBs. Adopting the X2 routing proxy may help to further alleviate the complexity issue, and Proposal 7 above may also give more flexibility on the implementation.
Observation II: Scalability issues for the X2-GW may be more critical than for a HeNB-GW.
3 Conclusion and Proposals
In this paper we try to progress the discussion on how to specify a standardized X2-GW according to the agreed way forward. We have formulated and motivated the following observations and proposals for RAN3 consideration:

Observation I: X2 concentration goes in the opposite direction with respect to eNB/HeNB integration, enhanced mobility, heterogeneous networks and CoMP.
Observation II: Scalability issues for the X2-GW may be more critical than for a HeNB-GW.
Proposal 1: HeNBs are allowed to have X2 interfaces to several peers, but the single X2 interface towards the X2-GW will carry traffic to eNBs.

Proposal 2: A new, separate Stage 2 description for the X2-GW is needed.
Proposal 3: Work to resolve the open issues of the routing proxy.

Proposal 4: The X2-GW shall be a separate, and optional, logical node.
Proposal 5: Minimizing the impact of the X2-GW on eNBs should have priority over minimizing its impact on HeNBs.

Proposal 6: Investigate the feasibility of signaling 2 TNL addresses from the CN to the (H)eNB for X2 setup, and of adding IEs with source and target addresses at least to the X2 SETUP message.

Proposal 7: Treatment of the various X2 procedures (i.e. UE-associated vs. non-UE-associated) by the X2-GW can be left to implementation.
4 References

[1] “3GPP; TSG RAN; UMTS and LTE; Mobility Enhancements for H(e)NB (Rel-11)”, 3GPP TR 37.803 v. 1.2.0 (2012-05).
[2] R3-121414
“Agreed Way Forward for Standardizing an X2-GW”, Nokia Siemens Networks, Qualcomm Incorporated, Huawei, LG Electronics Inc., ZTE, Samsung, NEC, Mitsubishi Electric, InterDigital Communications, New Postcom, Alcatel Lucent, Ericsson.
[3] R3-112999
“Discussion of X2-GW for Rel-11 HeNBs”, Ericsson.

[4] R3-121216
“A Way Forward for Standardizing an X2-GW”, Qualcomm Incorporated.

[5] R3-121321
“Response to R3-121044”, Nokia Siemens Networks.

[6] R3-120321
“SCTP Concentrator: A Simple Solution to a Debated Problem”, Ericsson, Alcatel-Lucent.

[7] R3-112920
“Analysis of X2 GW Proxy for HeNB Support”, Intel.

[8] R3-101559
“Analysis of Supporting the X2 Interface for HeNBs”, Qualcomm Incorporated.

[9] R3-121322
“Response to R3-121216”, Nokia Siemens Networks.

[10] R3-121043
“Full X2 Proxy SCTP Association Issues”, Alcatel-Lucent.
