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1 Introduction

At RAN3 #81bis, the end-to-end architecture (routing proxy) was agreed for the X2-GW, and the working assumption was made that the eNB learns the X2-GW IP address through an enhancement of the SON Configuration Transfer procedure [1][2]. SON Configuration Transfer procedure enhancements had been presented before as part of the G2C solution proposal [3], but they need to be revisited now in light of the new agreements.
2 Peer Discovery at the eNB
According to previous agreements, each HeNB is pre-configured with the IP address of its X2-GW. The similar situation for the eNB (i.e. how the eNB learns the X2-GW address) is now resolved with the working assumption to enhance the SON Configuration Transfer procedure with one or more IEs.

With this working assumption, the HeNB can includes the IP address of its X2-GW when replying to the SON Configuration Transfer message received from the MME. The MME then relays this information to the originating eNB. It seems reasonable to signal the X2-GW address within the X2 TNL Configuration Info IE [4], signaled within the SON Information Request/Reply IE (carried in the eNB/MME CONFIGURATION TRANSFER messages [4]). The scenario is then shown in Figure 1 below.

Proposal 1: The X2-GW address shall be signaled within the X2 TNL Configuration Info IE.

A similar concept was part of the G2C solution description [3], but in this case the situation is different. With solution G1D (agreed by RAN3), the initiating node (in this case the eNB) does not need to know the address of the replying node (in this case the HeNB), because the X2-GW looks up and maintains a routing table with all RNL IDs and their corresponding TNL addresses. The only information that the eNB needs to set up X2 is the HeNB ID (which it has obtained from UE measurements) and the X2-GW address (which it obtains from the SON Configuration Transfer procedure).
We now need to discuss how to signal the X2-GW address in the X2 TNL Configuration Info IE.
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Figure 1 Signaling the X2-GW address using the enhanced SON Configuration Transfer procedure.
2.1 Signaling the X2-GW Address in the X2 TNL Configuration Info IE
We can see two options to signal the X2-GW address in the X2 TNL Configuration Info IE:

1) Signaling the X2-GW address in an existing field;

2) Introducing a new IE.
By reusing an existing field (e.g. the eNB X2 Transport Layer Address IE) we would not need to extend S1AP, but we would certainly modify the behavior of existing IEs (some of which are even mandatory). This was already considered unfeasible in previous discussions and led to discarding architecture options which involved this approach. It seems therefore a better solution to signal the X2-GW address in a new IE.

Proposal 2: The X2-GW address shall be signaled in a new IE in the X2 TNL Configuration Info IE.
We show a possible extension of the X2 TNL Configuration Info IE [4] with a new field to signal the X2-GW IP address in Table 1 below. If a list of addresses is sent instead of a single IE, the X2-GW itself can be a multi-homed node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	eNB X2 Transport Layer Addresses
	
	1 .. <maxnoofeNBX2TLAs>
	
	
	
	

	>Transport Layer Address
	M
	
	9.2.2.1
	Transport Layer Addresses for X2 SCTP end-point.
	
	

	eNB X2 Extended Transport Layer Addresses
	
	0 .. <maxnoofeNBX2ExtTLAs>
	
	
	YES
	ignore

	>IP-Sec Transport Layer Address
	O
	
	9.2.2.1
	Transport Layer Addresses for IP-Sec end-point.
	-
	-

	>eNB GTP Transport Layer Addresses
	
	0 .. <maxnoofeNBX2GTPTLAs>
	
	
	-
	-

	>>GTP Transport Layer Address
	M
	
	9.2.2.1
	GTP Transport Layer Addresses for GTP end-points (used for data forwarding over X2).
	-
	-

	eNB indirect X2 Transport Layer Address
	O
	
	9.2.2.1
	Transport Layer Address for indirect X2
	-
	-


	Range bound
	Explanation

	maxnoofeNBX2TLAs
	Maximum no. of eNB X2 Transport Layer Addresses for an SCTP end-point. Value is 2.

	maxnoofeNBX2ExtTLAs
	Maximum no. of eNB X2 Extended Transport Layer Addresses in the message. Value is 16.

	maxnoofeNBX2GTPTLAs
	Maximum no. of eNB X2 GTP Transport Layer Addresses for an GTP end-point in the message. Value is 16.


Table 1 A possible extended X2 TNL Configuration Info IE.
2.2 Receiver Behavior and IE Criticality

The issue of receiver behavior and IE criticality deserves some more discussion. We could assign the criticality of the new IE in Table 1 above to “reject”. This means that a non-X2-GW-aware eNB, receiving the new IE, will consider the procedure as failed. On the other hand, an X2-GW-aware eNB receiving the new IE should ignore the contents of the mandatory eNB X2 Transport Layer Address IE in the same message, since it should send all X2AP messages to the X2-GW.

With such assigned criticality and receiver behavior, therefore, X2-GW-aware eNBs will always go through the X2-GW, while non-X2-GW-aware eNBs will eventually consider X2 to the target to be unavailable. Let us call this a “strict” approach.
Observation: If a “strict” approach is adopted, the new IE in the X2 TNL Configuration Info IE shall have criticality “reject” and when the new IE is included in the X2 TNL Configuration Info IE, the receiving eNB shall ignore the contents of the the eNB X2 Transport Layer Address IE.
It is worth considering whether a more flexible approach may be useful. In case the operator’s choice of IP addresses allows it (i.e. IP addresses for HeNBs are routable), it could be beneficial to allow the eNB to try to set up X2 to the target directly, if required. This could have at least three advantages:
1) It would allow non-X2-GW-aware (H)eNBs (including pre-Rel-12 ones) to interoperate with X2-GW-aware HeNBs, removing the need to upgrade all deployed (H)eNBs in a certain area at the same time;

2) It would allow additional routing flexibility for both X2-GW-aware and non-X2-GW-aware (H)eNBs;

3) It would provide additional resilience to X2-GW failures (let us remember that by forcing all X2 interfaces to go through the X2-GW, this node becomes a single point of failure).

It seems therefore wise to adopt this “flexible” approach, as discussed above, as a working assumption.
Proposal 3: The new IE in the X2 TNL Configuration Info IE should have criticality “ignore” and the contents of the existing eNB X2 Transport Layer Address IE may be considered by the receiver.
3 Conclusion, Proposals
Following the recent agreements and the working assumption to convey the X2-GW address within the SON Configuration Transfer procedure, some concepts previously presented for other solutions can be considered but need to be revisited to be in line with the adopted architecture. We have proposed one such concept, modifying it as required by the latest RAN3 agreements.
Proposal 1: The X2-GW address shall be signaled within the X2 TNL Configuration Info IE.

Proposal 2: The X2-GW address shall be signaled in a new IE in the X2 TNL Configuration Info IE.
Proposal 3: The new IE in the X2 TNL Configuration Info IE should have criticality “ignore” and the contents of the existing eNB X2 Transport Layer Address IE may be considered by the receiver.
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