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1 Introduction

At the RAN3#70bis meeting, the issue that the UE context in the source HeNB GW cannot be released in the outbound X2 handover procedure was identified [1]. Several solutions were proposed and discussed at the meeting [2], but no consensus was reached.
In this contribution, we further discuss these concerns and provide our recommendations for solving this issue.

2 Discussions
In the scenario where the source HeNB under a HeNB GW relocates UE via the X2 handover procedure to the target HeNB which is not served by the same HeNB GW, the source HeNB GW is never involved in this X2 HO procedure. Consequently, the correlated UE Context cannot be released in the source HeNB GW.
2.1 Scope of direct X2 in Rel-10 HeNB
In the scenario discussed above, the source HeNB GW itself can never know the outbound handover. That means by current mechanism, the source HeNB GW cannot initiate a procedure to release stored obsolete UE context due to lack of trigger.
It has been defined that HeNB GW is an optional node in the HeNB architecture. HeNB GW appears to HeNB as an MME, and to MME as an eNB, as specified in [3]. It implies that HeNB GW is a transparent node for both HeNB and MME in the current architecture. Therefore, both MME and HeNB could not initiate a procedure to release the UE context stored in HeNB GW as usual, since they are unaware of the existence of the HeNB GW due to the transparency principle. Note that this principle, however, is in favour of both MME and HeNB, as their implementation can be independent of the deployment of HeNB GWs. This on the other hand also makes deployment of HeNB GWs easy and flexible.
Several solutions have been considered for this issue, as to be discussed in Section 2.2. However, all of them violate the above-mentioned transparency principle, and thus eliminate the said benefits. In such a case, the implementation complexity would be increased for both MME and HeNB. Considering Rel-10 timeline, it is suggested that RAN3 reviews the current way forward of supporting X2 mobility regardless of the deployment of HeNB GW. It is better to narrow down the Rel-10 scope of the direct X2 connection between HeNBs as following:
Proposal 1: It is proposed to restrict the scope of the Rel-10 X2 handover to the use case, where both source and target HeNBs are under the same HeNB GW or directly connect to CN.
Based on Proposal 1, the corresponding stage-2 CR is provided in [4].

2.2 Solutions to the UE context release issue
If RAN3 would like to keep the use case of direct X2 connection between HeNBs regardless of existence of HeNB GW, somehow the aforementioned UE context release issue should be resolved. There are three candidate solutions for this issue:
1. HeNB GW-based solution: the HeNB GW releases the obsolete UE context;
2. MME-based solution: the MME triggers the HeNB GW to release the UE context after successful HO;
3. HeNB-based solution; the HeNB triggers the context release towards the HeNB GW.
2.2.1 HeNB GW-based solution
Ideally, if the source HeNB GW itself can identify the occurrence of outbound X2 HO, it can readily release the obsolete UE context. In this case, there would be no further impact on other network nodes. An immediate idea may be to implement a release timer in the HeNB GW. However, the effectiveness of such a timer is questionable. Specifically, if the S1-U is not terminated in the GW, it would not be possible for the GW to recognize whether a UE is still active or not.
2.2.2 MME-based solution

The MME can initiate the UE context release procedure to release the unnecessary UE-associated context in eNB or HeNB GW, thus it is natural to reuse this procedure in the scenario concerned. There are several implementation varieties of this solution.

The first option is that in the outbound X2 HO, instead of releasing the UE context in source HeNB by the X2AP UE CONTEXT RELEASE, the MME initiates the S1 UE context release procedure to release the UE context both in the source HeNB and the HeNB GW, as described in [1].

An alternative option is that the source HeNB releases the UE context in the X2AP UE CONTEXT RELEASE as usual, and also acknowledges the releasing operation to the GW/MME if it receives the S1 UE CONTEXT RELEASE COMMAND, as demonstrated in Fig. 1(A).
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Fig. 1: Possible solutions to the UE context release issue
However, there are several problems in the MME-based solution.

The first problem is that it violates the existing X2 handover procedure by adding more responsibilities to the MME. In this case, the MME has to be responsible for releasing the UE context in the source sites, which contradicts the objective of supporting outbound X2 handover in HeNB GW (namely to reduce the load of CN).
Another problem is that it violates the transparency principle. Under the current architecture, since the HeNB GW appears to the MME as an eNB, i.e. the MME does not need to distinguish a HeNB GW from a normal eNB. However, to enable the MME to initiate the UE context release in the source HeNB and GW only in this specific outbound X2 handover procedure, the MME shall know the exact type of each node connected to it, which is not desirable.
2.2.3 HeNB-based solution
If the source HeNB is aware of the deployment of HeNB GW, it can initiate an UE Context Release Request procedure specifically towards the source HeNB GW for releasing the obsolete UE context. However, the source HeNB GW shall not forward this source HeNB initiated UE Context Release Request to MME, as the old S1 connection with MME has been released by the Path Switch procedure, as illustrated in Fig. 1(B). Otherwise, an abnormal case handling would have to be invoked in the MME. Furthermore, it is unnecessary for the source HeNB GW to initiate a UE Context Release procedure towards the source HeNB upon receiving the UE CONTEXT RELEASE REQUEST message, since the associated UE context would have been released at the source HeNB.
To achieve this purpose, a new release cause needs to be defined in the UE CONTEXT RELEASE REQUEST message. When receiving the UE CONTEXT RELEASE REQUEST message with the new release cause, the source HeNB GW neither needs to forward the message to MME, nor to initiate the UE Context Release procedure towards the source HeNB.

Note that the HeNB-based solution also violates the transparency principle. However, the introduction of the GUMMI and MME S1 UE ID2 has already more or less violated this principle.
Another problem for this solution is that a new release cause for S1AP messages needs to be defined. The UE associated message handling for HeNB would also need to be specified for this use case.

Further, the HeNB under a GW has to know whether a peer HeNB (in X2 connection) is connected to the same GW or not, so that it can initiate the UE CONTEXT RELEASE REQUEST with a proper release cause. As the GW appears to MME as an eNB, it has an eNB ID which can be used as a GW identity as well. Thus, to support this examination, the HeNB GW should signal its identity to each of its connected HeNBs in the S1 Setup procedure, while the HeNB should exchange the identity of its serving HeNB GW (if exists) in the X2 setup procedure.
Regarding the advantages of the HeNB-based solution, the first merit is that it requires less signalling on the RAN-CN interface, which reduces the load on CN. Moreover, the HeNB GW is still transparent to the MME.
2.2.4 Remarks
Comparing the three solutions, all of them have obvious disadvantages. However, if we have to choose one of them, the HeNB-based solution is slightly better than the others.
Proposal 2: If Proposal 1 is not agreed, the HeNB-based solution should be adopted as the WF.

Based on Proposal 2, the stage-2 and stage-3 CRs corresponding to the HeNB-based solution are provided in [5]

 REF _Ref285265260 \n \h 
[6]

 REF _Ref285265261 \n \h 
[7].
3 Conclusion

In this contribution, we have discussed the issue of UE context release in source HeNB GW in the outbound X2 handover scenario, as well as several possible solutions. We suggest that RAN3 agrees on the following proposals:
Proposal 1: It is proposed to restrict the scope of the Rel-10 X2 handover to the use case, where both source and target HeNBs are under the same HeNB GW or directly connect to CN.
Proposal 2: If Proposal 1 is not agreed, the HeNB-based solution should be adopted as the WF.
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