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1 Introduction

This document contains a text proposal on the topic of SCTP concentrator for X2 between eNBs and HeNBs, for inclusion in [1]. It is based on contributions [2], [3], [4], and [5], recently presented to RAN3 #75 and #75bis, and on the e-mail discussion following RAN3 #75bis. The TP is updated according to the comments received offline during RAN3 #76.
2 Support of X2 via an SCTP Concentrator
An SCTP concentrator acts as an IP proxy between an eNB and its HeNB neighbors. It addresses the issue of reducing the number of SCTP connections toward the macro network by leaving the X2AP layer untouched and by concentrating the SCTP layer. The SCTP concentrator is part of the transport layer, and it is transparent to the application layer. It can be completely “orthogonal” to the HeNB-GW.
2.1 Logical Architecture

In Figure 1 the logical architecture for an SCTP concentrator is shown. In principle, if a HeNB-GW is deployed, both logical nodes could be implemented in the same physical node, but by decoupling the X2 SCTP concentration functionality from the S1-GW functionality, a higher flexibility for the operator is obtained.
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Figure 1 Logical network architecture for an SCTP concentrator.
2.2 Functions

The SCTP concentrator hosts the following functions:

· Mapping the application layer to the TNL as needed, by setting up and maintaining SCTP associations underneath the end-to-end X2 interface;

· Performing NAT if desired, between HeNBs and eNBs;
· Switching the appropriate SCTP streams into the various SCTP associations as required.

2.3 Protocol Stack

In Figure 2 we show the current protocol stack for the X2 control plane with the presence of an SCTP concentrator. A single SCTP association per X2-C interface instance is used with one pair of stream identifiers for X2-C common procedures. An SCTP concentrator terminates the lower layers so that the eNB does not need to be aware that several peers, with which it maintains X2 interfaces, are actually behind the concentrator.
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Figure 2 Protocol stack for the X2 interface over an SCTP concentrator.

The key characteristics are:

1. There is a single X2AP association (application layer) between the eNB and each HeNB, so the eNB directly “sees” 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 can also act as a “smart NAT”, in case the HeNBs are assigned private IP addresses.

Points 2 and 3 above may require changes to [7], as detailed in Sec. 2.6.4.

In principle, the presence of the SCTP concentrator does not prevent a HeNB from setting up a direct X2 interface with another (H)eNB.
2.4 Leveraging SCTP Multi-Streaming

Point 5 above descends from the multi-streaming capabilities of SCTP. The eNB can map X2AP signaling for different HeNBs on different streams over the same SCTP association. The concentrator receives the messages, terminates the SCTP connection, and maps 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, in principle it is possible to address a large number of HeNBs from the same eNB. The SCTP concentrator handles the appropriate switching between each stream number on the SCTP concentrator-macro eNB association and each HeNB-SCTP concentrator association (see Figure 3). This functionality is completely contained in the SCTP concentrator and only requires that the (H)eNBs map X2AP signaling to different peers, on different SCTP stream identifiers.
[image: image3.emf]eNB

SCTP 

Concentrator

SCTP association

SCTP association 1

SCTP association 3

SCTP association 2

SCTP streams

SCTP streams

SCTP streams

S1

to MME

HeNB

2

HeNB

3

HeNB

1

S1

to MME / HeNB-GW

S1

to MME / HeNB-GW

S1

to MME / HeNB-GW

X2

X2

X2

X2

X2

X2

eNB

SCTP 

Concentrator

SCTP association

SCTP association 1

SCTP association 3

SCTP association 2

SCTP streams

SCTP streams

SCTP streams

S1

to MME

HeNB

2

HeNB

3

HeNB

1

S1

to MME / HeNB-GW

S1

to MME / HeNB-GW

S1

to MME / HeNB-GW

X2 X2

X2 X2

X2 X2

X2 X2

X2 X2

X2 X2


Figure 3 Switching of SCTP streams into different SCTP associations by the SCTP concentrator.
2.5 Autonomous X2 Setup through the SCTP Concentrator
2.5.1 X2 Setup from HeNB to eNB

Let us assume that one of the HeNBs pictured needs to set up X2 with the macro eNB. 

1. The HeNB can obtain the TNL address of the eNB e.g. by doing a DNS lookup toward the core network, or by sending an eNB CONFIGURATION TRANSFER message to the MME, containing the eNB ID to look up, and reading the corresponding address in the answer (the MME CONFIGURATION TRANSFER from the MME can contain up to 2 IP addresses for the X2 SCTP endpoint).

2. The HeNB sets up an SCTP association with the concentrator if none is already present. In the SCTP INIT chunk, the HeNB indicates both the address of the concentrator and the address of the eNB.

3. The HeNB sends the X2 SETUP REQUEST to the concentrator.

4. The concentrator reads the eNB address from the SCTP INIT chunk and sets up an SCTP association with the eNB if none is already present, negotiating a suitable set of SCTP stream identifiers. The concentrator also maps the stream identifiers from the SCTP association with the eNB, to the stream identifiers from the SCTP association with the HeNB.

5. The concentrator forwards the X2 SETUP REQUEST to the eNB.

6. Assuming a positive response, the eNB replies with X2 SETUP RESPONSE to the concentrator. The eNB needs to send the response over the same stream number as the received X2 SETUP REQUEST in order to allow mapping by the concentrator.
7. Based on the mapping between SCTP streams in Step 4 above, the concentrator forwards the X2 SETUP RESPONSE to the HeNB and the procedure ends.

2.5.2 X2 Setup from eNB to HeNB

In this case, we assume that it is the eNB that has just discovered one of the HeNBs in and needs to set up an X2 with it. We assume the HeNB has already indicated both its address and the address of the SCTP concentrator to the MME, e.g. using the X2 TNL Configuration Info IE in the eNB CONFIGURATION TRANSFER message which the MME transparently passes to the target.

1. The eNB could obtain the TNL address of the HeNB for example by sending an eNB CONFIGURATION TRANSFER message to the MME, containing the HeNB ID to look up. The MME will answer with both the HeNB address and the concentrator address in the MME CONFIGURATION TRANSFER message.

2. The eNB sets up an SCTP association with the concentrator if none is already present, negotiating a suitable set of SCTP stream identifiers. At least two pairs of stream identifiers per HeNB, one for UE-associated signaling and one for non-UE-associated signaling in both directions, may be needed. In the SCTP INIT chunk, the eNB indicates both the address of the HeNB and the address of the concentrator.

3. The concentrator reads the HeNB address from the SCTP INIT chunk and sets up an SCTP association with the HeNB if none is already present. The concentrator also maps the stream identifiers from the SCTP association with the HeNB, to the stream identifiers from the SCTP association with the eNB.

4. The eNB sends the X2 SETUP REQUEST to the concentrator.

5. The concentrator forwards the X2 SETUP REQUEST to the HeNB.

6. Assuming a positive response, the HeNB replies with X2 SETUP RESPONSE to the concentrator. The HeNB needs to send the response over the same stream number as the received X2 SETUP REQUEST in order to allow mapping by the concentrator.
7. Based on the mapping between SCTP streams in Step 4 above, the concentrator forwards the X2 SETUP RESPONSE to the eNB and the procedure ends.
2.6 Open Issues
2.6.1 ANR Impact on OAM

It is possible that, due to proprietary OAM extensions / features, the eNB might report the TNL addresses of newly-found neighbors in the NR report to its OAM. If this is the case, all discovered neighbor HeNBs that are connected through an SCTP concentrator will be reported with the same TNL address. The impact of having several neighbors with the same TNL address on the OAM, however, depends on the single OAM implementation.
2.6.2 Handling multiple peers connected to the same (H)eNB

In each (H)eNB there would be separate X2AP associations for each peer, regardless if it is connected directly or through the SCTP concentrator. For this reason, provided that two (H)eNBs are not connected via direct X2 and via X2 through the SCTP concentrator at the same time, a (H)eNB should be able to handle direct and indirect (i.e. through the concentrator) connections simultaneously. This, however, requires that each (H)eNB is able to map the X2AP to different peers, onto different SCTP streams.
2.6.3 Impact on Current SCTP Stack

Even though the capability to switch the different SCTP streams resides only in the SCTP concentrator itself, further analysis might be needed to assess the impact on the SCTP stack in the (H)eNBs connected through the concentrator.
In particular, the following open issues have been identified:
1. SCTP was originally designed for pure point-to-point connections. The SCTP concentrator implements internal functionality on top of SCTP. It is FFS whether such functionality should be considered as an application requiring an SCTP PPI (Protocol Payload Indicator) of its own.
2. The SCTP concentrator functionality exploits (“abuses”) the multihoming capability of SCTP. The IP addresses communicated over SCTP INIT chunks, according to the multihoming requirements in [7], need to be in different IP sub-networks, while still required to give access to the same SCTP stack. This might pose some limitations on IP address allocation. Without further configuration, the receiving side might have no information about the nature of the received IP address.
3. According to [6], all IP addresses contained in the SCTP INIT chunk are considered as valid IP addresses of the sending host. By using an IP address received in the INIT chunk to establish an SCTP association to a third node (the other X2AP endpoint), the SCTP concentrator “abuses” this principle. A similar “abuse” happens in the sending node. It is FFS whether this is acceptable behavior.

4. The number of SCTP streams between the concentrator and the eNB is greater than the number of SCTP streams between the concentrator and each HeNB. In other words, there need to be as many in/outbound streams between an eNB and the concentrator as HeNBs should ever connect to that eNB via the concentrator. According to [6], it is not foreseen to increase the number of streams once the SCTP association has been initialized. In principle it is possible to address a large number of HeNBs from the same eNB since there can be up to 65535 streams in an SCTP association, nevertheless in some cases this might pose dimensioning problems (some tens of bytes per stream may need to be reserved statically in each node). A mechanism to negotiate an additional set of stream IDs for each eNB-HeNB pair over the same SCTP association needs to be defined in IETF.
5. The eNB needs to send the response over the same stream number as the received X2 SETUP REQUEST in order to allow mapping by the concentrator.
6. Depending on the SCTP implementation in the sending node, an SCTP INIT having the same port and IP address as an existing SCTP association might not be sent by the source.
7. Whenever a new X2 needs to be set up between a (H)eNB and a new neighbor via the concentrator, this needs to be done without setting up an additional SCTP association with the concentrator. A mechanism to set up SCTP only when there is none set up, needs to be defined.

2.6.4 Impact on Current Specifications

According to [7], there shall be only one SCTP association established for X2 between one eNB pair. It needs to be verified whether using the X2 SCTP concentrator violates this principle.
There might be some impact to [8] in order to include and differentiate the addresses of the SCTP concentrator from the addresses of the target (H)eNB, since both are signaled to the (H)eNB in the MME CONFIGURATION TRANSFER message.
3 Proposal
Proposal: RAN3 should incorporate Sec. 2 above as a new Sec. 6.2.x of [1].
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