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1 Introduction

At the RAN3#73 meeting, the following agreements have been made on prioritizations of mobility enhancement use cases between HeNBs [1]:
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For inter-CSG mobility, one primary objective of the SI “Further enhancements for HNB and HeNB” is [2]:
· Evaluate the benefit of support for Inter-CSG enhanced mobility. (RAN3 only)
In this contribution, we analyze typical inter-CSG mobility use cases and investigate the benefits of supporting inter-CSG enhanced mobility.
2 Discussion
HeNB is a cost-effective solution to greatly improve the performance of indoor wireless access service. Among the numerous use cases that inspire the introduction of enhanced inter-HeNB HO, we highlight two typical ones as follows.
2.1 Case 1: Shopping malls
Considering large penetration loss and the large population in shopping malls, it is more economical and appropriate to provide indoor coverage with the aid of HeNBs, in contrast to solutions based on macro-tier coverage. In this case, dense deployment of HeNBs is foreseen.
In previous RAN3 meetings, we saw neither any support of deploying closed-mode HeNBs, nor any clear objection of deploying open-mode HeNBs for indoor coverage in shopping malls. Furthermore, hybrid HeNBs have also been proposed with the intention to provide differentiated services for CSG and non-CSG UEs. Such a vision was justified in [3] with respect to the advantages of deploying hybrid HeNB from the end-user experience and/or ICIC perspectives.
It is worth pointing out that in the shopping mall scenario, inter-CSG mobility between hybrid HeNBs is the only scenario needs further considerations. Firstly, note that neighbouring stores in the shopping mall may deploy their own hybrid HeNBs with different CSG IDs. Typically, since the store staffs usually stay within the coverage area of the HeNBs belonging to the same CSG, it is expected that intra-CSG mobility is dominant for CSG member UEs. Note that enhanced mobility has been already supported in Rel-10 for this case [4].
By contrast, it is reasonable to assume that shopping customers will cross coverage zones of different CSGs in shopping malls. This implies that the majority of inter-CSG mobility is triggered by non-CSG member UEs. Such kind of inter-CSG mobility, which is referred to as open-mode handover, has been analyzed in [5]. In this case, no security, resource abuse, or unfairness issue exists, if X2-based HO is adopted when the HO-candidate UE declares itself as a non-CSG member in the target hybrid HeNB. Moreover, there is no need to amend current specification for supporting this enhancement.
If we define the inter-CSG handover excluding the open-mode handover type as the so-called close-mode handover, then in the shopping mall scenario only a very small portion of inter-CSG mobility belongs to the close-mode handover. Hence, the benefit of enhancing close-mode mobility is trivial concerning the potential impacts on specification and implementation.
On the contrary, considering the large population of customers in shopping mall, the open-mode handover should be studied for further optimization, in order to achieve reduced signalling load on CN and improved mobility performance.
Observation 1: In shopping mall scenario, the benefit of close-mode mobility enhancement is trivial concerning the potential impacts on specification and implementation.
2.2 Case 2: Business offices
Another typical use case for HeNBs is their dense deployment in indoor business environment. Case 2 shares many similarities with Case 1, with possible differences being the following:
· number of visitors is much smaller compared to that of staff;
· closed HeNBs of different CSGs deployed in different departments.
It is expected that in this scenario the occurrences of open-mode handovers will be very low. Moreover, similar to Case 1, the occurrences of close-mode handovers are also expected to be low, as the corporation would typically apply the same CSG across all offices, or at least the staff seated in vicinity would share the same CSG. Therefore, most of the handovers would be intra-CSG. Furthermore, there is no critical concern on signalling delay. More specifically, S1 HO can readily satisfy the latency requirement, since in the case only pedestrian velocity is expected.
The above analysis shows that it is also questionable that optimized close-mode handover is beneficial, a similar observation as in Case 1.
Observation 2: In business office scenario, the benefit of closed-mode mobility is trivial concerning the potential impacts on specification and implementation.
3 Conclusion

In this contribution, we analyzed two typical use cases of inter-CSG mobility and discussed the benefits of supporting enhanced inter-CSG handover. Based on the above analysis, we may conclude that:

· open-mode handovers occur much more frequently than closed-mode handovers in Case 1;

· intra-CSG handovers occur much more frequently than inter-CSG handovers in Case 2.

Additionally, it is worth pointing out that in this contribution we only considered the scenarios where dense deployment of HeNBs is expected. For other scenarios where less HeNBs are deployed, the occurrence of close-mode handover would be even lower.
Hence, we suggest RAN3 agree on the following proposals:
Proposal 1: RAN3 is kindly requested to carefully evaluate the necessity of supporting enhanced close-mode mobility, taking into account the abovementioned typical HeNB deployment scenarios.

Proposal 2: It is proposed that RAN3 shall prioritize the study on open-mode inbound handover (i.e. UE can only access the target hybrid HeNB as a non-CSG member dispensing with MV at MME) in Rel-11 SI.
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