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1. Overall Description:

RAN2 would like to inform RAN4 that solutions for mobility and access control for legacy UEs for home cells has been discussed in RAN2. Attached is a text proposal for TR 25.820, summarizing RAN2 discussions and conclusions on this topic.
2. Actions:

To TSG-RAN WG4
ACTION: 
TSG-RAN WG2 kindly asks TSG-RAN WG4 to take these discussions and conclusions and the proposed text for TR25.820 into account.
3. Date of Next TSG-RAN WG2 Meetings:

TSG-RAN WG2 Meeting #60bis
14-18 January

Seville, Spain
TSG-RAN WG2 Meeting #61
11-15 February

Sorrento, Italy

4. TEXT PROPOSAL FOR TR 25.820
***** Unchanged sections not included *****
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RAN2 summary, conclusions and recommendations
RAN2 has studied intra-frequency and inter-frequency mobility solutions and access control for UMTS Home-NodeBs. Different solutions taken the requirement to be based on current Rel-7 status have been studied. No quantitative results have been presented. 
The conclusion from a RAN2 point of view is that there is not one good solution. There are a few solutions but they all have their drawbacks/limitations. It can be made to work but with some restrictions on deployment. The operator would have to decide whether he is happy with the restrictions. 

For release 8 UEs, some mechanisms that optimise mobility and access control have already been presented. 

Recommendation for Rel-8 UMTS Home NodeB 

1)    Solutions to optimise the mobility and access control should be specified;

2)    Solution for UMTS Home-NodeB aligned with the ones decided for E-UTRAN Home-eNBs (“CSG cells”) should be analysed first;

3)    The removal of constraints in the procedures for the (macro) cell reselection in order to efficiently support Home-NodeB cells should also be investigated (e.g. removal of cell barring for 300 s for reselection if highest ranked cell is a CSG cell).
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Mobility scenarios

This section includes the investigation Home NodeB mobility scenarios.
11.1 Scenarios
For mobility, the following deployment scenarios have been identified. 
1. Home NodeB is out of coverage from any macro cells of GSM/UMTS

2. Home NodeB is in coverage of macro GSM  (not specifically studied).
3. Home NodeB is in coverage of the macro of UMTS (Home NodeB uses the same frequency as the macro)

4. Home NodeB is in coverage of the macro of the UMTS (Home NodeB uses a different frequency as the macro)
11.2 UEs to find and prioritize Home NodeB Cell
In deployment case 1, when the mobile performs a cell selection it will find the Home NodeB Cell (no problem). In case 2 and 4, when/if the macro coverage is good, a UE would not normally trigger a search for the Home NodeB.
11.2.1 Cell Reselection Parameters
Reference [x2] shows some principles for how cell reselection parameters could be set to make a UE find Home NodeB cells and stay there once camped. 
Pros: It is possible by simple configuration to set cell reselection parameters so 

1) UEs that are camped on a macro layer can automatically find Home NodeB cell(s). 

2) once camped on the Home NodeB cell, UEs prioritize this cell
Cons: All UE will follow the cell reselection parameterisation towards the Home NodeB and attempt to register. After being actively rejected the cell remains unsuitable and UE might continue measuring the highest ranked cell (unless the 300s timer is implemented), assuming access control by mobility management signalling, see later chapter. This has negative impact on battery consumption and adds to mobility managemnt signalling load on the CN. These results assume that dedicated Neighbour cell list parameters are used. The limit of maximum 32 intra-frequency and 32 inter-frequency neighbours can be a limiting factor for Macro-> Home NodeB mobility. 
11.2.2 Cell Reselection using HCS

Hierarchical Cell Structure  (HCS) can be used as an additional means of better distinguishing between Home NodeB cells and macro cells. It allows different cell reselection rules and thus more flexibility:

· UEs can measure for Home NodeB cells even when UE is in good macro coverage, still limiting the measurement burden on those UEs, as only either High priority cells or Low priority cells need to be considered.  
· The number of unwanted UEs selecting to Home NodeB, and thus doing mobility management signalling, can be limited, by two methods: 

· Using the HCS penalty timer. It can be used to avoid selecting to a certain cell for the duration of the timer. UE has to  measure Q > Qhcs for the duration of the timer to stop using the penalty offset. Thus it can be avoided that passing-by UEs select to this cell.  

· Parameters for "high mobility" can be set so most moving UEs would select to macro cells, and only UEs that are quite stationary would use the Home NodeB layer.
Pros: Same as previous chapter: 
Cons: Same as previous chapter, except that the negative impact on UE battery consumption and mobility management signalling can be less severe, as the number of UEs measuring on and selecting to the Home Node B can be reduced. 

11.2.3 Separate Home NodeB PLMN ID

11.2.3.1 General

Home NodeB Cells would have a separate PLMN ID different from the PLMN ID of the macro cells.
Assignment of the separate PLMN ID has the following benefits and drawback regardless if enhanced with one of the other configurations:
Pros: UEs not allowed to use a Home Node B could be configured to not access the Home NodeB PLMN, resulting in better battery performance for them, and less signalling load towards the core Network (compared to only relying on Cell Reselection parameters). Also, a separate PLMN ID allows to make UE displaying the right network identifier, indicating to the user that he camps on a Home NodeB cell, but requires some updates of the SIM/UICC and might not work with older SIM cards. 

Cons: Operators might not have additional PLMN IDs. Introduction of additional PLMN ID might be costly as PLMN IDs have impact on existing business infrastructure (billing, roaming agreements etc). 

For older SIM cards the correct Operator PLMN ID display might not be available.
Separate access control is needed in addition for all the cases.
11.2.3.2 Manual Selection

Relying more on manual PLMN selection, the macro network does not need to provide any cell reselection parameters to bring the UE to the Home NodeB. 

Pros: No cell reselection parameter settings in the macro cells lead to better UE battery performance for all UEs, also for UEs not allowed on a Home NodeB, and less signalling load towards the core network created from those UEs. Manual Selection is a robust mechanism. 

Cons: Manual selection of the macro PLMN might be needed when moving out of the Home NodeB. This might not be acceptable for the user. 

11.2.3.3 Equivalent PLMN

Equivalent PLMN feature was introduced as a means to enable cell reselection between PLMNs. The equivalent PLMNs are considered equivalent to the registered PLMN regarding PLMN selection, cell selection, cell re-selection and handover.
The list of equivalent PLMNs of a UE can be updated at location registration. UEs not allowed to use a Home NodeB would never have the Home NodeB PLMN as an equivalent PLMN, thus such UEs would never try to access a Home NodeB cell.Furthermore, UEs allowed to use Home NodeB could be configured with Home NodeB PLMN ID (as an equivalent PLMN) only in registration areas overlapping the geographical location of the Home NodeB cell.  

Pros: Additional PLMN ID for Home NodeB cells can be introduced without modifying UE SIM. UEs allowed to use Home NodeB could be configured to not access the Home NodeB PLMN outside the macro registration area overlapping their Home NodeB cell, resulting in better battery performance for them, and less signalling load towards the core Network
Cons: This mechanism does not provide any help for UEs to find their Home NodeB cell.
Additional effort for configuration and execution of selective signaling of ePLMN list, depending on LA and UE. 

11.2.3.4 National Roaming
National roaming is a feature where when the mobile is not roaming in its HPLMN, but on a VPLMN of the same country as the HPLMN. In automatic PLMN selection mode it could be set in a mode where it searches periodically for it HPLMN [TS 22.011].
Proposed solution:

UEs allowed to use Home NodeB are national roaming when in macro cell layer. The PLMN id of the Home NodeB is the HPLMN of the UE and is different from the Macro cells PLMN identity. The Macro PLMN is thus a VPLMN. In this case the UE performs a background PLMN search depending on the configuration of the SIM timer field. By configuring the background PLMN search timer to the minimum of every 6 mins. So the average time to finding the Home NodeB when in coverage would be around 3 mins.
As a refinement to this scheme (and save UE power) the timer can be reconfigured when moving outside its "home" macro LA for example using SIM tool kit details are FFS and need to be studied.
Pros: UEs allowed to use Home NodeB could find Home NodeB cells irrespective of Macro Layer Cell Reselection parameters. Thus, the impact to UEs not allowed to use Home NodeB of introducing Home NodeB cells would be minimal/zero, regarding battery consumption and signaling load towards the core network. There would be no need to include Home NodeB cells in macro layer neighbor cell lists. This mechanism is robust. There would be no need to rely on manual selection. 

Cons: Need to update SIM and IMSI for UEs allowed to use Home NodeB. Might not work with older SIM cards. Changing/updating SIM and or IMSI is an issue for operators.
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Access control scenarios

This section includes the investigation how to manage access control for the Home NodeB
12.1 Access Control by mobility management signalling

A common assumption is that Access Control is done by mobility management signalling. Each Home NodeB is assigned a Home NodeB specific Location area. UEs not allowed in a certain Home NodeB receives negative response at location registration, having the effect that UEs not allowed in this Home NodeB are not allowed to camp normally. 

Reject causes, depending on use case, could be: 
· LA Not allowed
· Roaming not allowed in LA.

A side-effect of using registration area update rejects, is that a UE would not reattempt to reselect to this frequency for the next 300s (unless there is no alternative), if the UE is Rel-5 UE and the procedure is implemented.
To reduce time in out-of-service or limited camped state there should always be a frequency available with cells where LA is allowed, i.e. there should be a non- Home NodeB frequency layer.

Pro: Access Control is immediate, simple solution.

Con: This method involves quite much mobility management signalling. Also, if a UE slips outside the coverage of his Home NodeB cell, and tries to register to a neighbour Home NodeB cell, he cannot re-register with his own Home NodeB cell until after 300s timer expiry.

12.2 Access Control by redirection and handover

An alternative approach is to allow UEs that are allowed to use a Home NodeB to roam and camp also on Home NodeB cells, where they are not allowed. Access Control would then be done by redirecting or handing over non-allowed UEs to a macro cell, when data transmission service is requested.

In this approach a number of Home NodeB would be configured in to one LA. Mobiles would perform cell reselection between these cells without the need to perform location update (for example all Home NodeB in a building are configured as one LA) so as long as coverage is more or less constant no LA update is needed when moving from one Home NodeB to another Home NodeB in the same local vicinity.
An issue with this network configuration is that hand-over or redirection might not always work, e.g. in case there is no macro cell in coverage. In this situation, a non-allowed UE camping on a Home NodeB cell would “erroneously” indicate to the user that it is in-service. 

A possible way of handling this could be that Home NodeB that are out of service of macro cell would be handled by access control by mobility management signalling according to the previous chapter.

Pros: Reduced mobility management signaling, and corresponding battery saving, especially in dense Home NodeB deployments.

Cons: Configuration of location area for a Home NodeB cell might need to depend on coverage / deployment scenario, i.e. if deployment case 1 applies or not. Another side effect could be increased session setup times, or increased handover signaling
