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1 Introduction

At the RAN#51 meeting, the new SI “Further enhancements for HNB and HeNB” has been approved, which includes the use cases deferred from the Rel-10 WI [1]. At RAN3#72 meeting, RAN3 has agreed to create a TR [2] to capture the optimized mobility between HeNBs supported in Rel-10 and to list all possible scenarios and options of enhanced mobility for Rel-11.
In this contribution, we focus on several typical HeNB, or more specifically, hybrid HeNB, deployment scenarios. We also present potential benefits provided by the proposed schemes. Further, more details than those in the drafting TR of feasible enhancement for inbound handover to hybrid HeNB are discussed.
2 Discussions of typical HeNB deployment scenarios
HeNB plays an important role in HetNet, aiming to boost network capacity and to improve radio coverage, especially for indoor wireless access environments. Except the scenarios, where open-mode HeNBs are deployed for public access service, for example airports, train stations, shopping malls, etc., there are several common scenarios where hybrid HeNBs are likely to be deployed, such as residential properties and office buildings.
In the sequel, we will discuss the above scenarios in more details.

2.1 Residential properties
HeNBs are usually provided as Customer Premises Equipment (CPE) to end users in this case. The end users are typically not willing to share their purchased radio resource with the public. However, deployment of closed cells may create coverage holes in the macro-cell layer. More specifically, when non-CSG Macro UEs (MUE) are in the vicinity of the residential properties where HeNBs are deployed, the MUEs and HUEs may suffer severe inter-cell interference (ICI) in the downlink and the uplink, respectively.
2.2 Office buildings
Regarding the scenario where office buildings are concerned, it is more economical and appropriate to provide indoor coverage with the aid of HeNBs, in contrast to the solution based on macro-tier coverage, because the signal from macro eNBs experiences large penetration loss. It deduces the fact that the femto tier is likely to be the dominant or even the only RAN infrastructure available inside the office buildings. In this case, dense deployment of HeNBs is expected to be an effective solution to fulfil today’s fast-growing need of mobile data services within the indoor business environments. Nonetheless, if closed HeNBs are densely installed, the indoor coverage for visitors coming from outdoors would become very challenging due to the ICI problem mentioned above. 
The network in this scenario needs to satisfy the requirements from two aspects: 

· The corporate employees would need “premium” services for their critical business requirements on stability (low call drop rate), availability (low call blocking rate) and high quality. Additionally, the employer may deploy enterprise applications by reusing the indoor network infrastructure with the intention of cost reduction;
· For visitors and customers, the operator needs to at least provide seamless access to basic services.
Observation 1: The dense deployment of closed HeNBs in typical indoor environments creates coverage holes and severe ICI.

2.3 Advantages of hybrid HeNB
When CSG and non-CSG member UEs co-exist in the femto network, mixed deployment of open and closed HeNBs does not seem to be a cost-effective solution for indoor environments, since the operator may have to deploy a large number of HeNBs for serving different types of UEs respectively and spend many efforts on mitigating severe ICI. By contrast, by deploying hybrid HeNBs, the number of HeNBs becomes less and the ICI issue can be less severe, which is a more cost-effective solution for operators.
Especially, hybrid HeNB is very effective and preferred when CSG and non-CSG member UEs co-exist in the femto network for the following reasons:
· From the end-user service experience perspective: as stated in [3], a hybrid cell can perform prioritization of allocated resources based on UE’s CSG membership status. Therefore, QoS provisioning can be achieved for CSG UEs while basic service for non-CSG UEs;
· From the ICIC perspective: thanks to its support to open access, the hybrid HeNB will not create coverage holes when it is co-deployed with macro cells. The ICI will be minimized as the MUE close to the femto layer can be relocated to hybrid HeNB. In return, the end-user service experience will also be improved eventually, benefiting from a higher air-link quality.
Therefore, it is beneficial for operators to promote hybrid HeNBs to home and business users through price discounts, service rewards, etc. The flexibility of deploying hybrid HeNBs offers operators a new opportunity to subdivide users and thus establish new profit growing incentives.

Observation 2: Hybrid HeNBs are foreseen to be a cost-effective solution to the problems of coverage holes and severe ICI in scenarios where dense deployment of HeNBs is needed.

3 Considerations on mobility enhancement for hybrid HeNB

In order to achieve the above-mentioned benefits while reducing the backhaul signalling overhead, enhanced mobility between hybrid HeNB and other types of (H)eNBs is required. We suggest that RAN3 should prioritize the discussions on enhanced mobility for hybrid HeNB in Rel-11 SI, or more specifically, the following scenarios which are missing in Rel-10 WI:
· Inter-CSG mobility between hybrid HeNBs;
· Inter-CSG mobility between closed HeNB and hybrid HeNB;
· Inbound mobility from open (H)eNB to hybrid HeNB;
· Outbound mobility from hybrid HeNB to open eNB.
Furthermore, we also suggest that RAN3 should carry on the discussions without violating the principle agreed in Rel-10 that enhanced mobility between HeNBs is allowed if no access control at the MME is needed [3][4].
Proposal 1: RAN3 is kindly requested to prioritize the discussions on enhanced mobility between hybrid HeNB and other (H)eNBs in Rel-11 SI.
Proposal 2: RAN3 is kindly requested to work on the Rel-11 SI without violating the principle agreed in Rel-10 WI that enhanced mobility between HeNBs is allowed if no access control at the MME is needed.
4 Inbound handover to hybrid HeNB
In this section, we focus on the inbound mobility to a hybrid HeNB from another HeNB, namely:
· Inter-CSG mobility between hybrid HeNBs;
· Inter-CSG mobility between closed HeNB and hybrid HeNB;
· Inbound mobility from open HeNB to hybrid HeNB.
In the analysis below, we consider enhanced mobility with the baseline of no access control required from MME.
4.1 Framework of UE-assisted network-controlled HO to closed/hybrid HeNB
Different from the normal HO behaviour, the framework of UE-assisted network-controlled HO to a closed/hybrid HeNB has additional features in three aspects [3]: (1) proximity estimation report; (2) resolution of PCI Confusion; and (3) access control.
With respect to access control, when the target cell is a closed/hybrid cell, the source HeNB may request the UE to provide the CSG identity of the target cell and UE’s CSG membership status based on its CSG white list. According to this information, the source HeNB can determine whether or not the MME should be involved for access control and, if not, relocates the UE to the target cell via X2-based HO procedure. The necessity of access control at MME exists, only when the source HeNB is unable to verify whether the UE is a legitimate subscriber of the target CSG.
Such a framework impacts the HO type decision and the corresponding outcome in different scenarios, which will be discussed below.

4.2 Inbound HO to a hybrid HeNB
Depending on the activation of access control at MME, we summarize all possible cases of inbound HO to a hybrid HeNB in Table 1.
Table 1: Possible inbound HOs to a hybrid HeNB
	Source cell type
	UE’s CSG membership status in source cell
	UE’s CSG membership status in target cell
	Access control at MME
	HO type decision in Rel-10
	Suggestion for Rel-11 SI

	Open access
	N/A
	False
	No
	S1
	X2

	
	N/A
	True
	Yes
	S1
	S1

	Closed cell with same CSG ID as target cell
	True
	True
	No
	X2
	X2

	Closed cell with different CSG ID from target cell
	True
	True
	Yes
	S1
	S1

	
	True
	False
	No
	S1
	X2

	Hybrid cell with same CSG ID as target cell
	True
	True
	No 
	X2
	X2

	
	False
	False
	No
	X2
	X2

	Hybrid cell with different CSG ID from target cell
	True
	True
	Yes
	S1
	S1

	
	True
	False
	No
	S1
	X2

	
	False
	True
	Yes
	S1
	S1

	
	False
	False
	No
	S1
	X2


The access control is a UE-specific instead of (H)eNB-specific function. No access control at MME is needed, when the HO-candidate UE declares itself as a non-CSG member in the target (hybrid) HeNB. We define such kind of mobility as open-mode handover.
As shown in Table 1, some open-mode handover use cases, where the source side of handover is an open-mode HeNB or a closed/hybrid HeNB with a CSG ID different from the target hybrid HeNB, were not be included in the scope of Rel-10 mobility enhancement due to tight time schedule. However, as discussed in Section 2, it is worth to reconsider these use cases in mobility enhancement for Rel-11. Nonetheless, the principle agreed in Rel-10 WI that the enhanced mobility between HeNBs is allowed if no access control at the MME is needed, should still be maintained. Hence, the mobility enhancement targeting the use cases fulfilling this criterion but excluded from Rel-10 is a natural extension to Rel-10 mobility functions.
Hence, we kindly request RAN3 to clarify the necessity of access control at MME, and agree on that X2-based handover shall be supported for the abovementioned open-mode handover use cases as highlighted in Tab.1.
Proposal 3: RAN3 is kindly requested to discuss and confirm the above-mentioned use cases, and to evaluate the necessity of access control from MME in these use cases.

Proposal 4: It is proposed that open-mode inbound handover to hybrid HeNB shall be enhanced in Rel-11 SI.
5 Conclusion

In this contribution, we discussed the benefits of deploying hybrid HeNB in several typical environments. It shows that application of hybrid HeNB is a promising method to satisfy the end-user QoS requirements and improve system spectrum efficiency. Secondly, we clarified the necessity of access control at MME and summarized all possible cases of legitimate X2-based inbound HO to hybrid HeNB.
Based on the above analysis, we suggest RAN3 to agree on the following proposals:
Proposal 1: RAN3 is kindly requested to prioritize the discussions on enhanced mobility between hybrid HeNB and other (H)eNBs in Rel-11 SI.
Proposal 2: RAN3 is kindly requested to work on the Rel-11 SI without violating the principle agreed in Rel-10 WI that enhanced mobility between HeNBs is allowed if no access control at the MME is needed.
Proposal 3: RAN3 is kindly requested to discuss and confirm the above-mentioned use cases, and to evaluate the necessity of access control from MME in these use cases.

Proposal 4: It is proposed that open-mode inbound handover to hybrid HeNB shall be enhanced in Rel-11 SI.
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