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1. Introduction

Area restrictions have been discussed in the last RAN3 meeting. It was concluded that:

· Information on which area restrictions to be applied during LTE_ACTIVE state is provided by the MME at context setup over the S1 interface. 
· The eNB shall store the UE restriction information and use it to determine whether the UE has access to radio resources in the eUTRAN. The source eNB should apply restriction handling when selecting a target eNB.

· The available UE restriction information shall be propagated by the source eNB over X2 at intra LTE handover
However, the method to treat different restriction scenarios, i.e. subscriber specific restrictions, cell specific restrictions, has not been agreed.
This contribution discusses UE mobility restriction scenarios and analyse the mobility restriction mechanisms for idle and active state UE. The mechanism for these states, that are responsibility of RAN2 and RAN3 respectivly, should be aligned. Furthermore, this paper outlines a RAN2 proposal for idle mode and shows the corresponding active mode aspects.
2. Discussion
2.1 Area restriction scenarios
RAN2 has agreed UE-specific controls as LTE mobility drivers i.e. Subscription based and Service dependant control. E.g. an operator may wish to handle a ‘speech only UE’ perferrably on 2G.
The need to support private networks/home cells has been agreed as part of the discussion on the drivers for LTE mobility control. It has been agreed that a mechanism other than forbidden TAs may be needed as some of these sub-networks could be very small, e.g. comprising of one cell. 
Cell specific restrictions  exist  e.g. cell barred for operator reasons, where only certain IMSI’s are allowed to roam in.
2.2 LTE idle mode proposal discussed in RAN2
RAN2 discussed a proposed model on how to specify the cell reselection parameters [2]. This proposal makes use of the fact that typically, the same parameters apply for many neighbours. E.g. one set of cell reselection parameters may apply for all intra-frequency neighbours, while another set of re-selection parameters applies for all inter-frequency neighbours on frequency f2. There is one set of cell reselection parameters for each set of neighbouring cells with similar characteristics. The ‘same re-selection characteristics’ could be modelled by means of a ‘Cell class’. The cell class will be transmitted to UE in source cell or in target cell.
To model UE-specific control e.g. subscription based, a ‘UE class’ may be used. This UE class would be assigned by the network upon initial transition from detach to active and possibly updated when the UE moves i.e. upon TA update. 

In accordance with this model, the set of cell reselection parameters that applies for a given UE now depend on the ‘Cell class’ of the concerned neighbour and the UE’s ‘UE class The eUTRAN wil indicate the details of the ‘Application function’ i.e. the rules to be used by the UE.
The UE and cell class proposal does not only support UE-specific control but can also provide roaming restriction functionality, as shown by the example provided in 5.1 Example: Regional network sharing. It is expected that additional mechanism may be needed to handle cell specific restrictions.
2.2 LTE active state handling requried for RAN3
This section describes the LTE active handling including the use of the UE and cell class. This is relevant since, as mentioned before, the mechanism for LTE active should be consistent with the mechanism used for LTE idle. 
When the source E-UTRAN select a target cell, the UE class as well the cell class will be considered. E.g. if it is a speech only UE. it is perferrably to select a target cell in 2G.  
When UE moves to active mode, the UE class will be transmitted to E-UTRAN. E-UTRAN save the information and use it as the bases for UE handover. The UE class shall be propagated by the source E-UTRAN over X2 at intra LTE handover.
For cell specific restrictions, we assume in active mode, E-UTRA only has to avoid handover to a cell reserved for operator use in a manner similar as done in UTRA.
For handovers the E-UTRAN will have to filter out the valid handover candidate cells from the list of all neighbouring cells present, based on available information of the cell class and the UE class. Then the E-UTRAN can still decide handover based on the UE measurement report. 
The signalling flow to support the active mode UE mobility is depict in figure 1 and figure 2.
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Figure 1: Idle to Active transition procedure
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Figure 2: Inter-ENB handover procedure

3. Conclusion & recommendation
This contribution discussed area restriction scenarios and analyse the mobility restriction mechanisms for idle and active state UE.. 
The mobility restriction mechanism for LTE active should be consistent with the mechanism used for LTE idle. Hence, RAN3 should take into account the RAN2 discussions about the mechanism for LTE idle and not conclude the mechanism for LTE active prematurely.
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5. Cell and UE class usage for roaming restrictions
This annex illustrates that the Cell and UE classes proposed in [2] can be used to provide roaming restrictions.

5.1 Example: Regional network sharing

There are two operators, each using a separate frequency, cover part of country with overlapping coverage in the bigger towns. In the overlapping areas UEs should only be allowed in the TAs of their own operator’s network. However, in non-overlapping areas UEs should be allowed on the other operators network.

At the edge of the overlapping area, the UE on the other operators network will have to be stimulated to reselect the other frequency. Once on this frequency, the UE should consider overlapping cells of the other operator as ‘forbidden’. However, the UE should consider the other operator’s cells that are not overlapping as valid re-selection candidates.
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Figure 3: Network sharing example
In this simple example the UE class is used to represent the network operator i.e. value 1- 4 represents network operator 1, value 5-8 represents network operator 2. Likewise, the operators have also agreed to coordinate cell class values i.e. 1- 8 are used by operator 1, 9- 16 are available to operator 2. Cells in the overlapping area use distinct cell class values e.g. 5- 8 for operator 2. Cells in the non-overlapping area would use other values e.g. 1d may use class 1. For this example, the cell reselection parameters applicability within cell 2e could be as indicated in table 2.

	Parameter set
	TgtCellClass
	UEclass
	

	1
	5
	1
	Parameter set, with bias to re-select, for overlapping neighbouring cells on f1, applicable for ‘other’ UEs (operator 1)

	2
	13
	5
	Default parameter set for intra-frequency neighbours, applicable for ‘own’ UEs (operator 2)

	3
	14
	5
	Parameter set for intra-frequency neighbours with some special handling e.g. a different offset, again for ‘own’ UEs

	4
	1
	5
	Parameter set, with bias to ‘stay’, for non- overlapping neighbouring cells on f1 (operator 1), applicable for ‘own’ UEs (operator 2)


Table 1: ‘Applicability information’ within cell 2e
If a UE of operator 2 that is camping on cell 2e detects cell 1c, it will find that none of the cell reselection parameter sets are applicable. It could be specified that such a UE should consider the cell as ‘inaccessible’. This kind of solution would provide similar functionality as the ‘forbidden TA’ approach. The main difference is that the UE would be able to detect the inaccessibility based on the more frequently schedule BCH information (instead of the SU-1).

The use cases provided in the above are merely to illustrate the flexibility the mechanism is able to provide i.e. it is envisaged that many other scenarios can be supported.

_1235973323.vsd
4. Handover Request
     > UE class


T-EUTRAN


UE�

MME�

HSS


6. Handover Request Acknowledge/ Reject


1. Measurement Control


7. Handover Command


2. Measurement Report


S-EUTRAN


SAE GW�

5. Admission Control


3. Handover decision


0. Area restriction provided


8. Other handover procedures



_1235974730.doc


UE







E-UTRAN







MME/SAE GW











1: RA request







2: RA response







3: Radio connection request�>NAS information







6: Initial Context Setup Request



<NAS message response,



>SAE bearer attributes,



>UE AS capabilities,



> UE Class



>AS security context











9: Initial Context Setup Response



>







4: Access connection request



>NAS message request







7: Radio connection setup



>AS- configuration



























8: Radio connection setup complete



>












_1235543444.doc






2a







1e











1d: 1















1c: 5







1b











1a











Frequency 2



















2e: 13







2d: 13











2c: 14







2b: 9







Frequency 1




















