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1   Introduction
In the current RAN3 specifications, certain X2 HO scenarios are not supported.  This situation can limit the operator deployment possibilities in providing the mobility of UEs. 

This contribution identifies the applicable cases and proposes to fix them so that X2 mobility can be supported in all mobility scenarios.

2   Discussion
2.1   Background and motivation

The following deployment scenarios are applicable:

· HeNBs are deployed under HeNB-GW

· HeNB-GW aggregates the S1-U to/from the HeNBs (in addition to S1-C)
Note: it should be noted that the aggregation of S1-U at HeNB-GW is an optional functionality as specified in TS 36.300 [1] section 4.6.2 as shown below:
	< Quote from 36.300 >

4.6
Support of HeNBs

…

4.6.2
Functional Split

The HeNB GW hosts the following functions:

…

-
Optionally terminating S1-U interface with the HeNB and with the S-GW.

…


Under this circumstance, the following mobility scenarios are currently not supported in the relevant RAN3 specifications (S1AP, X2AP).
1) HeNB to HeNB X2 HO where the source and target HeNBs are under different HeNB-GWs

2) HeNB to macro eNB X2 HO

3) Macro eNB to HeNB X2 HO

In these mobility scenarios, X2 HO is not possible in the existing specifications as the bearer path update from the source side HeNB-GW cannot be transferred over to the target side correctly (either another HeNB-GW or macro eNB).  Specifically, in X2AP: HANDOVER REQUEST message, E-RABs To Be Setup List IE contains UL GTP Tunnel Endpoint IE (Transport Layer Address and GTP TEID IEs). These IEs contain the value of the endpoint of the source HeNB-GW and not the actual SGW in case the HeNB-GW aggregates the S1-U toward HeNBs.  So if the target is under a different HeNB-GW or macro eNB, these TLA and GTP TEID values remain the one at the source HeNB-GW, hence the bearer path is stuck at the source HeNB-GW. However, this GTP tunnel endpoint at the source HeNB-GW is bound to be deleted after the HO is completed, leaving the UL path no longer valid from the target HeNB/eNB’s persective.
This case is illustrated in the following figures:


[image: image1]
Figure 1: GTP tunnel endpoint IE in X2AP: HANDOVER REQUEST message
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Figure 2: existing vs. desired behaviour in GTP tunnel change – case 1 (target = HeNB under another HeNB-GW)
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Figure 3: existing vs. desired behaviour in GTP tunnel change – case 2 (source = HeNB target = macro eNB)
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Figure 4: existing vs. desired behaviour in GTP tunnel change – case 3 (source = macro eNB target = HeNB)

This is clearly a shortcoming of the existing specifications and thus should be fixed to be able to do the X2-based HO correctly in these scenarios.

2.2   Description of the proposed change

This section describes the proposed solution in detail. The solution is designed in such a way that it requires protocol change in S1AP only (note 1).  This is beneficial in that X2AP and CN protocol remain unchanged and the impacted spec is kept at minimum.

Part 1: In X2AP HANDOVER REQUEST message, the necessary IE is already present and defined (UL GTP Tunnel Endpoint IE).  The only missing piece is the actual values conveyed in it and how the source HeNB obtains these values.  In the specific X2 HO scenarios described earlier, what needs to be conveyed in this message is the GTP tunnel endpoint at the S-GW (not at the HeNB-GW). But the existing S1AP spec can provide only 1 set of values, namely the GTP tunnel endpoint at the HeNB-GW in the case of S1-U aggregation at the HeNB-GW. This requires the 2nd set of GTP tunnel endpoint to be conveyed each time E-RAB is setup (S1AP: E-RAB Setup procedure and Initial Context Setup procedure).
Part 2: Upon completing the X2AP Handover Preparation procedure (HANDOVER REQUEST and HANDOVER REQUEST ACKNOWLEDGE messages), the target HeNB/eNB sends S1AP: PATH SWITCH REQUEST message to the HeNB-GW/MME. In this message, the target HeNB/eNB passes the GTP tunnel endpoint values as were originally provided by the source HeNB in X2AP HANDOVER REQUEST message as discussed in part 1 above.  In case of HeNB-GW, it uses these values to establish the UL GTP tunnel with the indicated S-GW.
Part 3: In addition, to cover all the related HO scenarios, the following scenarios are also taken into account:

· Multiple-HO scenario where the UE is HO’d twice during the call – (1) a call originates under a macro eNB, (2) the UE is first handed over from the macro eNB to a HeNB under a HeNB-GW by S1 HO procedure, followed by, (3) 2nd  HO to another HeNB under a HeNB-GW or macro eNB by X2 HO procedure. In this case, in the first HO (S1 HO), the 2nd set of GTP tunnel endpoint to be conveyed in S1AP HANDOVER REQUEST message.
· In case of SIPTO at LN with collocated GW, a CR for S1AP (R3-132414) was introduced and was agreed at the last RAN3 #83 to include a change in E-RAB MODIFY REQUEST message to indicate the S-GW Transport Layer Address and GTP-TEID. This is, for example, to relocate the S-GW of a non-SIPTO PDN connection from macro S-GW to local GW or from a local GW to a macro S-GW.  In the case of a HeNB under a HeNB-GW, after the S-GW relocation from a local GW to a macro S-GW, if there is a X2 HO from HeNB to eNB, the source HeNB need to know the S-GW’s transport layer address and TEID.  That requires the 2nd set of GTP tunnel endpoint in S-GW to be added in S1AP E-RAB MODIFY REQUEST message (from HeNB-GW to the HeNB). Note that this CR has been applied to Rel.12 version of S1AP only.
Note that this proposed solution is very similar to the introduction of MME UE S1AP ID 2 IE in S1AP: INITIAL CONTEXT SETUP REQUEST, HANDOVER REQUEST, and PATH SWITCH REQUEST ACKNOWLEDGE messages.  This IE was introduced for the X2 mobility scenario where HeNB-GW is in place and it assigns its own value for MME UE S1AP ID IE for HeNBs. This MME UE S1AP ID 2 IE value contains the one that was assigned by the MME, as opposed to the one that was assigned by the HeNB-GW.
The specific solution is proposed in the separate set of CRs ([2] through [10].).

(Note 1): the CR for X2AP in [3] is to add supplemental clarification text only (no protocol change).

3   Proposal
In this contribution, we discussed the existing gap in the RAN3 specs for specific X2 HO scenarios involving HeNB / HeNB-GW, and the proposal to fix it.  The specific changes are described in the set of CRs in [2] through [10].
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