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1 Introduction

In recent meetings, RAN3 has been discussing whether it is beneficial to limit the number of SCTP connections when several HeNBs set up X2 interfaces to a macro eNB. There is currently no consensus whether this is going to be a problem at all, since recent evaluations have shown that modern hardware has no problem handling huge numbers of concurrent SCTP connections [2]
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[3]. It has been claimed that using the HeNB-GW as an X2 proxy [4], reusing similar functionality introduced for LTE-A relays in the DeNB, could address this debated issue. This approach, however, requires standardizing such functionality for use with HeNBs, and will have a major impact on the very same macro eNBs it is supposed to benefit [5].
While still not agreeing that the problem actually exists, we introduced the concept of X2 SCTP concentrator between HeNBs and eNBs at RAN3 #75 [1]. We believe that such a node can be a better alternative to having X2 proxy for the HeNB-GW. The functionality required in order to reduce (if desired) the number of SCTP contexts that the eNB has to handle can be put most naturally in the SCTP (transport) layer instead of in the X2AP (application) layer.

In [6] we discuss the behavior of the X2 SCTP concentrator with respect to some currently open issues identified with the X2 proxy concept. In this document we will analyze the SCTP concentrator itself in more detail.
2 X2 SCTP Concentrator Architecture
2.1 Architecture and Protocol Aspects

For convenience, we show the logical network architecture for the SCTP concentrator in Figure 1, left [1]. This choice of architecture has the obvious benefit of decoupling the X2 SCTP concentration functionality from the HeNB-GW, which might not even be deployed. This provides the maximum deployment flexibility for the operator.
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Figure 1 Logical network architecture for an X2 SCTP concentrator (left); protocol stack for the X2 interface over the SCTP concentrator (right).
The protocol stack for the X2 interface running between an eNB and a HeNB over an SCTP concentrator is shown in Figure 1, right [1]. The key characteristics are:

1. There is a single X2AP association (application layer) between the eNB and each HeNB, so the eNB “sees” directly each neighbor.
2. There is a single SCTP association (transport layer) between the eNB and the SCTP concentrator.

3. There is a single SCTP association (transport layer) between the SCTP concentrator and each HeNB connected to it.

4. The SCTP concentrator does not touch the application layer, and transports it transparently.

5. For each HeNB, the SCTP concentrator maps the X2AP signaling on the appropriate SCTP association, “switching” between the various SCTP streams from the X2 interface between itself and the eNB.
6. The SCTP concentrator could also act as a “smart NAT”, in case the HeNBs were assigned private IP addresses.

2.2 Leveraging SCTP Multi-Streaming
Point 5 above is of particular interest, as it descends from the multi-streaming capabilities of SCTP [7]
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[8][9]. The eNB can map X2AP signaling for different HeNBs on different streams over the same SCTP association. The concentrator will receive the messages, terminate the SCTP connection, and map each message on a new SCTP association toward the appropriate HeNB according to the stream number used. Since there can be up to 65535 streams in an SCTP association [9], in principle it is possible to address a large number of HeNBs in this way from the same eNB. Of course the SCTP concentrator will have to handle an appropriate switching between each stream number on the SCTP concentrator-macro eNB association and each HeNB-SCTP concentrator association (see Figure 2).
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Figure 2 Switching of SCTP streams into different SCTP associations by the SCTP concentrator.
It is worth noting that this functionality is already common in the HeNB-GW concerning the S1AP interface. The HeNB-GW, when deployed, takes the many SCTP associations carrying S1AP signaling from the HeNBs connected to it, and concentrates them into a single SCTP association carrying the aggregated S1AP signaling to the MME. This concentration is performed by mapping the separate SCTP associations to the HeNBs into different streams within the same SCTP association to the MME.
2.3 Setting up the X2 Interface through the SCTP Concentrator

At least in principle, it should be possible to automatically establish a new X2 interface between a HeNB and an eNB through the SCTP concentrator with the available signaling mechanisms [11]. Further analysis is needed to clarify this behavior for automatic X2 SCTP establishment [10].
3 Conclusions and Proposal
The jury is still out as to whether this a macro eNB may have a problem supporting a large number of X2 interfaces to its neighbors due to the many SCTP associations. If we are to believe this is really an issue, there are many advantages in attacking the problem in the transport layer (SCTP), instead of in the application layer (X2AP). First of all, the X2 signaling need not be modified for this functionality, as the SCTP concentrator over X2 will be transparent to the X2AP layer. Second, the functionality we are looking for, is already provided to us by the multi-stream capabilities of SCTP. Third, at least in principle it would be possible to reuse the current mechanisms to automatically set up X2 between an eNB and a HeNB through the concentrator, provided that the eNB is given the address of the concentrator.

An added benefit is that the multi-stream capabilities of SCTP are already exploited in the HeNB-GW over S1AP, so the concentrator would be reusing the same functionality over X2AP.
Proposal: The X2 SCTP concentrator is a valid alternative to the X2 proxy, and should be further analyzed. 
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