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1. Introduction
This paper proposes an idle mode procedure for R8 UE that leverages current standards cell measurement and (re)selection rules with simple modifications for enhanced HNB search and (re)selection. The proposals aim to provide Release 8 UEs with a robust yet power-efficient and simple-to-implement mechanism for HNB discovery and (re)selection that is flexible enough to support different HNB deployment and business models. 

Figure 1 summarizes the proposed HNB search and (re)selection procedure and enhancements presented in this contribution as well as in [4], [5], and [6].
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 Figure 1.  Summary of Proposals for Robust, Power-Efficient, Simple-to-Implement HNB Search and (Re)Selection in R8 UE 

The proposed rules and mechanisms are intended to be used in addition/conjunction with any autonomous UE search algorithm, based on proprietary UE implementation, which could also benefit from some of the proposed enhancements (e.g. broadcast indication of the HNB PSCs).

2. Discussion
2.1. HNB Identification

For supporting a battery efficient HNB search and reselection for Rel8 UEs, it would be beneficial for the UE to know which PSCs and/or UARFCNs (carriers) are associated with HNBs. 
For achieving that purpose we propose to use a broadcast indication from the network, either in the form of a HNB PSC list or by using a HNB indicator to be associated to those PSCs broadcast in the legacy neighbour list (in case HNB reselection is intended to be supported by legacy UEs as well). 

Broadcasting the HNB PSC list allows the operator to dynamically allocate different numbers of PSCs in different HNB deployment areas, as required.  It gives more flexibility than using a static set of reserved PSCs.   
Static reservation can be achieved either through standardization or UE configuration per operator, but are less flexible and potentially problematic.   If reserved by standardization, the number of reserved PSCs may be too large or too small to accommodate a particular HNB deployment area.  Furthermore, areas where HNBs have not yet (or will not be) deployed still have to undergo unnecessary PSC re-planning.        
Proposal 1: Agree on the introduction of a HNB indication in RRC broadcast messages, used to distinguish which carriers/PSCs are associated with HNBs .
Another possible HNB parameter, to be broadcast over the air by a HNB, would be the indication of whether the HNB is open or closed. This would be necessary based on the assumption that the CSG-ID can not be used for that purpose, i.e. in case both open and closed HNBs can be allocated (and broadcast) a CSG-ID, e.g. due to specific priority plans in a mixed open/closed access deployment.  
Proposal 2: Agree on the support of mixed open/closed access deployment for Release 8, with standard support for   
· an open HNB to be assigned a CSG-ID
· a broadcast  indication as to whether a HNB is closed or open
2.2. Automatic HNB (re)selection

Automatic (re)selection is intended here as the process by which a UE (re)selects to a HNB without manual user intervention. A proposal for Manual HNB (re)selection is described in sec. 2.3.
2.2.1.  HNB Search & Measurement

In addition to autonomous UE search, we propose existing standards cell measurement rules can be also effectively applied to HNB search.   Details on a robust and battery efficient HNB search are described in a separate contribution [4].
2.2.2.  HNB Ranking and Cell Reselection 

For automatic HNB ranking and reselection, UE should follow, as basic algorithm, the legacy rules specified in TS 25.304 with the following update:
1. On discovery of the HNBs (identified by a PSC indication broadcast by the serving cell), UE should determine the access indicator and the CSG-ID of the detected HNBs.

2. UE should rank all the measured cells (HNBs and non HNB cells) based on legacy rules specified in TS. 25.304.

3. UE should remove all the closed HNBs not in the WL from the ranking without restricting their frequencies of operation.

4. UE should reselect to the highest ranked cell.
Proposal 3: Update the cell (re)selection procedure to include the basic automatic HNB (re)selection algorithm described above.

Additional to the basic algorithm described above, the following enhancements are proposed:
· A specific HNB linger timer (equivalent to Treselection), configurable and broadcast by the network, is used for delaying a UE in mobility from reselecting  to a HNB.  The use of the linger timer would avoid unnecessary HNB reselections and LA/RA updates, which could impact UE standby time and network load.
· A ranking offset for CSG cells (Qoffset,CSG), configurable and broadcast by the network, is used by the UE for favoring white list cells ranking and thus prioritizing their reselection, compared to non CSG cells

Details of the above proposals are provided in separate contributions [5], [6].
2.3. Manual HNB (Re)Selection

In manual HNB (re)selection, the UE scans and presents the list of HNB Identifiers (HNB-ID) for all the detected HNBs in the following order: 

1) HNB-IDs of the cells whose CSG-IDs are present in the (U)SIM WL, if any, in the same order specified in the WL. 
a) If more than one HNBs share the same CSG-ID and if their HNB-IDs are identical then UE should display the HNB-ID of the HNB with the best RF quality. 
b) If more than one HNBs share the same CSG-ID and if their HNB-IDs differ from each other, the UE should display the HNB-IDs belonging to the common CSG in the order of their RF quality (from best to worst).
NOTE: The possibility to manually select a specific HNB within a CSG group (not necessarily the one with the best RF quality) may be useful when the User knows or finds out that a HNB with better RF quality is not providing good service experience, e.g. in case of HNB congestion (user has manually selected a HNB but can not access the network for MO calls). With the proposed solution, an operator willing the UE to display only the best HNB within a CSG group in manual selection can still achieve it by configuration settings, i.e. all HNBs within a CSG are assigned the same HNB-ID.
2) Other HNB-IDs, in order of RF quality (from best to worse), including closed HNBs that are not present in the U(SIM) WL. 
NOTE: The main reasons for allowing the user to select closed HNBs that are not present in the U(SIM) WL (already proposed in [2]) are the following:

· The UE WL may not be synchronized with the WL stored in the network; this may happen due to delay or temporary failure in the update of the UEs WL by the network. 
· It may be much easier for in-bound roaming users to get access to CSG HNBs in roaming networks, without the need to provision and store all roaming CSG-IDs in their (U)SIMs (requiring complex inter-operator procedures). 

In addition to the HNB-ID, the UE can also display to the user
· Whether the HNB is open or closed.

· The relative signal strengths (signal bars) along with the HNB-IDs to aid the user in the selection process. 
· The availability of macro coverage.

Upon user selection of a HNB, the UE attempts reselection of the chosen HNB.  Note that depending on channel condition, manual selection cannot guarantee the UE will remain on the selected HNB.  After manual selection, automatic (re)selection rules still apply as part of idle mode procedures and may result in (re)selection of a different HNB.

If no HNB is detectable, manual selection process ends and the UE remains on the current cell. 
Proposal 4: Update the cell (re)selection procedure to include manual HNB (re)selection algorithm described above.
3. Conclusion
Proposal 1: Agree on the introduction of a HNB indication in RRC broadcast messages, used to distinguish which carriers/PSCs are associated with HNBs .

Proposal 2: Agree on the support of mixed open/closed access deployment for Release 8, with standard support for   

· an open HNB to be assigned a CSG-ID

· a broadcast  indication as to whether a HNB is closed or open

Proposal 3: Update the cell (re)selection procedure to include the basic automatic HNB (re)selection algorithm described in sec. 2.2.

Proposal 4: Update the cell (re)selection procedure to include manual HNB (re)selection algorithm described in sec.2.3.
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