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Introduction

The RAN2 study on legacy Home NodeB (HNB) support for UTRA [1] concluded that the presently available mechanisms for legacy UE mobility for UTRA HNB deployments are not optimal and hence require modification for efficient support of cell reselection in the presence of HNBs.  In this document, we identify the interaction between the possible HNB deployment scenarios and enhancements required for cell selection/reselection in the presence of HNB.
Deployment Scenarios
The HNB deployment scenarios can be distinguished by many categories such as association model (closed / open subscriber group) , relationship between HNB spectrum and macro network spectrum, network architecture, etc. From the HNB cell reselection perspective the following two categories are important:
· Association model: The supported association models include open association (a.k.a. open access), closed subscriber group (CSG a.k.a. restricted association). 
· Open association allows any subscriber to camp on any HNB and to access any CS and PS services while camped on that HNB. 
· CSG limits the subscriber to camp on only authorized HNBs. Thus, the subscriber can not camp on unauthorized HNB and can not access CS and PS services using any unauthorized HNB.
· Relationship between HNB spectrum and macro network spectrum:  HNBs can be deployed on one or more carriers. Further, HNB deployment can either share one or more carriers with macro network or have its own dedicated carriers separate from those of macro network.
With that categorization, the important HNB deployment scenarios are the following:

1) Open association – shared carrier between macrocell and HNB
2) Open association – dedicated carrier to HNBs
3) CSG – shared carrier between macrocell and HNB
4) CSG – dedicated carrier to HNBs
Proposal 1:  Develop HNB cell selection / reselection solutions applicable to all the above deployment scenarios.

HNB Prioritization

HNBs provide several motivations for operators, and these motivations can stipulate requirements on HNB cell selection / reselection. 

As an example, an operator may consider HNB deployment to improve overall coverage by supplementing macro network coverage. In such a scenario, the subscriber chooses the best coverage available which can be provided by either the HNB or the macro network. Thus, the operator may not perceive a requirement to prioritize the selection of HNB over that of the macro network. 
Alternatively, an operator may introduce special billing plans by distinguishing services offered by HNB.  In such a scenario, the subscriber will prioritize the selection of HNB over that of the macro network.  The opportunity to offload traffic from macro network to HNB can also motivate such a prioritization.

Proposal 2: Support the prioritization of HNB over the macro network when sufficient quality HNB coverage is available.
Possible Approaches
We now summarize various approaches toward HNB search:
1) Manual search: Subscriber can always rely on manual search to discover nearby HNB.

2) Neighbour set configuration: Both SIB3 and SIB11 on macro NB as well as HNB are configured to help UE discover HNB. Upon discovery, UE may prioritize HNB over macrocell.
3) Hierarchical cells:  Hierarchical cells help prioritize the HNB over macro NB. Both mobility criterion and penalty timer can control HNB search and cell reselection.
4) PLMN ID allocation: Separate PLMN ID allocation for macro network and HNB network can help prioritize HNB over macro network. Further, the equivalent PLMNs can be updated dynamically for adjusting the search for the HNB.
5) Location Area Code (LAC) allocation. LAC assignment can be used to allow a UE to distinguish an authorized HNB from a nearby unauthorized HNB.
6) UE based learning: Current UEs prioritize search for recently used PLMN to reduce latency and current drain for system selection. With the introduction of HNBs, this procedure can be extended so that the UE remembers a set of HNBs that it has recently used. Further, after the first discovery, UE can remember the relevant information for efficient HNB discovery later.
In the table below, we summarize how the above approaches match the deployment scenarios and the prioritization requirement discussed above. This classification is typical; however, it is not exact.
	
	Improve Coverage
	Prioritize HNB

	Open Association
	Neighbour set configuration
	Hierarchical cells
PLMN ID allocation

	Close Subscriber Group
	
	LAC allocation
UE based learning


As indicated in the table, neighbour set configuration and hierarchical cells approaches affect all UEs in the coverage of the macro NBs that support these features. While in macro coverage, the UEs then search actively for the HNBs.  For the CSG deployment, frequent discovery of the unauthorized HNBs can result in frequent registration attempts and degradation in standby time. To mitigate this impact on UEs that are not authorized on any HNB, scrambling codes allocated to HNBs can be distinguished from those assigned to macro NBs in the neighbour list and broadcast as a new SIB or an extension of an existing SIB. LAC allocation can be used to allow a UE to distinguish an authorized HNB from a nearby unauthorized HNB. Similarly, for the hierarchical cells approach one can reserve a distinct high priority for the HNBs. With that distinction, UEs not interested in HNB discovery will not search for HNBs.
Proposal 3: To support CSG deployments, mitigate impact on UEs with no HNB subscription (macro UEs) by distinguishing the HNB parameters from the macro NB parameters broadcasted in macro network.
Further, neighbour set configuration, hierarchical cells, as well as PLMN ID allocation approaches suit the open association deployment well. For the CSG deployment, these approaches can be complemented by relying on UE based learning. By leveraging local stored information (local database), UE can avoid fruitless registration attempts with unauthorized HNBs and search efficiently for authorized HNBs.
Proposal 4: Investigate how UE based learning can help HNB discovery efficiently.

Conclusion

We analyzed how the potential approaches for HNB search and selection correspond to HNB deployment scenarios and HNB prioritization requirement.  With this analysis we propose the following:

1) Develop HNB cell selection / reselection solutions applicable to all the identified deployment scenarios.

2) Support the prioritization of HNB over the macro network when sufficient quality HNB coverage is available.

3) To support CSG deployments, mitigate impact on UEs with no HNB subscription (macro UEs) by distinguishing the HNB parameters from the macro NB parameters broadcasted in macro network.

4) Investigate how UE based learning can help HNB discovery efficiently.
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