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1 Introduction

Normally, an eNB makes the decision of handover (HO) type, namely S1 HO or X2 HO, based on:

· to which MME the HO candidate UE has registered, and
· whether the source eNB and the target eNB connect to the same MME (pool) simultaneously.

However, there may be some issues when a HeNB connects to a HeNB GW, since the HeNB does not have accurate information about the MME to which the UE register. Especially, according to the way forward agreed in the RAN3#69bis meeting [1], the X2-based HO is allowed between a HeNB directly under MME and another HeNB under the HeNB GW as long as no access control at the MME is needed, as shown in Fig. 1. Therefore, the solution for HO type decision at the HeNB should apply to the following scenarios:

· Intra HeNB GW X2-based HO

· Inbound/outbound X2-based HO to/from HeNB GW
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Fig.1: Overall E-UTRAN Architecture with deployed HeNB GW. [1]
In this contribution, the issue of handover type decision at the HeNB under the above scenarios is discussed and a solution is proposed.

2 HeNB behaviours with the presence of HeNB GW

There are significant differences between the scenario, where a HeNB connects to the MME directly, and the scenario, where a HeNB connects to the HeNB GW.
When connecting to a MME, the HeNB can enable itself with S1-Flex function and optionally Non-Access Stratum (NAS) Node Selection Function (NNSF) [2]. Hence, the HeNB can connect to one or more MMEs in one or more MME poolss. Also, the HeNB is aware of each UE’s registered Globally Unique MME Identity (GUMMEI).
However, when connecting to a HeNB GW, the HeNB will deactivate its own S1-Flex function and NNSF [2]. Specifically, the HeNB can only have one S1 connection with the HeNB GW, which performs NNSF for the HeNB’s UE. Thus, the HeNB does not have accurate information about the MME that its UEs register to.
Hence, the above two scenarios may result in different behaviours at HeNBs, which would have impact on the decision of HO type.
3 Applicable scenarios
3.1 Intra HeNB GW X2-based HO
In this scenario, both source HeNB and target HeNB connect to the same HeNB GW. The first question is that what the HeNB GW will do, when it advertises its served GUMMEIs during the S1 Setup or the MME Configuration Update procedure.
Upon the absence of NNSF, the HeNBs always send the Initial UE Message to the HeNB GW regardless of the specific served GUMMEI(s) advertised by the HeNB GW. After the HeNBs establish their X2 connections, it would appear to them that they connect to the same “MME(s)” as they have received the same served GUMMEI(s) information from the same HeNB GW. Consequently, they would assume that both the source HeNB and the target HeNB connect to the same MME serving the HO candidate UE. Thus, in this scenario the HeNB would always initiates X2 HO. Upon receiving a Path Switch Request message, the HeNB GW will be able to route the message properly, as long as it maintains the right mapping relationship between the MME UE S1AP ID identifying the UE and the GUMMEI of the MME serving the UE.
The above discussion suggests that there would be no trouble in the described intra HeNB GW X2-based HO scenario, if and only if the HeNB GW broadcasts the same served GUMMEI(s) information to its HeNBs.
3.2 Inbound/outbound X2-based HO to/from HeNB GW
Another HO scenario would be that one HeNB connects to the HeNB GW, while the other may connect to an MME or to another HeNB GW. In this case, it is not guaranteed that the source HeNB and the target HeNB connect to the same MME serving the HO candidate UE.
3.2.1 Outbound X2-based HO from HeNB GW

For the outbound X2-based HO situation, the source HeNB connecting to a HeNB GW can only pick up a served GUMMEI blindly, unless the HeNB GW advertises only one GUMMEI to it. Obviously, the blindly chosen GUMMEI may cause failure, when the target HeNB sends Path Switch Request to the indicated MME.

A straightforward solution may be that all the UEs under one HeNB are restricted to attach to the same MME. In this case, only one GUMMEI is broadcasted by HeNB GW. Therefore, the need of choosing an MME in a blind way is eliminated. As a result, the source HeNB can figure out through X2 interface procedures whether the target HeNB connects to the same MME and, if so, the source HeNB will be able to make the right decision of HO type.

Unfortunately, the above-mentioned restriction will be against the benefit of NNSF. Moreover, even the restriction is applied, the HeNB GW may still choose another MME for the UEs under the same HeNB, when the MME Load-balancing Function or the Load-rebalancing Function between MMEs are triggered [3].
The better way to solve the above issue may be to let the HeNB GW inform its HeNBs in the Initial Context Setup Request message about the GUMMEI of the MME that serves the UE. Given the permission, the source HeNB can make the right decision of HO type, and the target HeNB can send the Path Switch Request message to the appropriate MME.
Proposal 1: The HeNB GW shall inform its HeNBs in the Initial Context Setup Request message about the GUMMEI of the MME that serves the UE.

Another consideration is that the HeNB GW may inform its HeNBs about the GUMMEIs of all the MMEs it connected. If not so, namely the HeNB GW informs only some of the associated GUMMEIs to the HeNB, the HeNB may have to notify its new GU Group ID when the HeNB GW chooses an MME belonging to a new MME pool. Such an operation is unnecessary and should be avoided.
Proposal 2: The HeNB GW may inform its HeNBs about the GUMMEIs of all the MMEs it connects to.
3.2.2 Inbound X2-based HO to HeNB GW

In the case of the inbound X2-based HO, given that the source HeNB is aware of which MME the HO candidate UE has registered to, it will be able to make the right decision of HO type. If X2-based HO happens, the HeNB GW can properly handle the Path Switch Request message sent by one of its HeNBs.

4 Conclusion and proposals
In this contribution, we analyze the HO type decision issue that would occur when the HeNB X2-based mobility enhancement is introduced. Based on the above analysis, we propose that:

Proposal 1: The HeNB GW shall inform its HeNBs in the Initial Context Setup Request message about the GUMMEI of the MME that serves the UE.

Proposal 2: The HeNB GW may inform its HeNBs about the GUMMEIs of all the MMEs it connects to.
A stage-2 CR is also provided to address the above proposal in [4].
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