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4 Introduction

Based on the Release-99 specifications, the CN+UTRAN have mechanisms available to provide UE-specific access restrictions for LA’s of the current PLMN and other PLMN’s when the UE is in Idle Mode
.  These mechanisms (see Section 4.3) can be used for implementing shared networks solutions in which, based on roaming agreements, the access restrictions to be applied might be different for different UE’s.

Although the Release-99 specifications specify these mechanisms for handling the UE when in Idle Mode, insufficient mechanisms are specified to provide similar access restrictions in Connected Mode. In Connected mode the UE mobility is handled by the UTRAN and the UTRAN does not have the necessary information (e.g. roaming agreements) to provide a consistent access restriction handling in Connected Mode.

The objective of this study is to enable the CN+UTRAN to provide a consistent UTRAN mobility access restriction handling based on roaming agreements in both Idle and Connected Mode.

This study considers two shared network scenarios, which examplify shared network applications:

1) Geographically Split Network
E.g. 2 operators both covering part of the country, together providing UMTS access in the whole country.

2) Common Shared Network
E.g. one UMTS operator providing UMTS service for himself and 2 other GSM operators

4.1 Geographically Split Network

The Geographically Split network solution results in a situation in which different UE’s which are allowed access to a UTRAN have different access restrictions to different parts of this UMTS RAN. An example situation is shown in figure 1:
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Figure 1: Geographically Split example

In this example, operator A and B work together to cover a whole country but still compete in the middle area where they both have coverage. The PLMN’s of Operator A and B UMTS RAN’s will typically be equivalent PLMN’s in this solution. UE’s of operator B might be allowed in the whole UTRAN of operator A except where the two UTRAN’s overlap. In these overlap areas, access of operator B UE’s to LA/cells of operator A would normally be restricted. In Idle mode and connected mode other than CELL-DCH, national roaming on a regional basis (based on LA’s), solves the problem (see Section 4.3.2). A consistent solution is needed for CELL-DCH state. 

4.2 Common Shared Network

In the Common Shared Network scenario, there are no access issues within the UTRAN but at the borders of the UTRAN, the UTRAN has to consider the correct neighbouring GSM/UMTS cells as possible candidates for handovers. 
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Figure 2: Common Shared Network example

In figure 2, UMTS operator A has allowed access to UE’s from operators B and C to its UMTS network. When a UE moves as indicated, the correct GSM cells should be considered for handovers. The situation is further complicated because national roaming restrictions might exist between e.g. operator C and operator B. These NRR should be extended to all UE states.

Shared Network support in Idle mode

In idle mode, the mobility of the UE is controlled by the CN by using Equivalent PLMN, regional subscriptions and  (national) roaming restrictions.

Equivalent PLMN  
The use of Equivalent PLMNs is defined in [25.304]. The CN provides the UE with a list of PLMNs, where the UE shall consider each PLMN on that list as equivalent to the currently selected PLMN, for PLMN selection, cell selection, cell reselection.
The (UE and/or LA specific) list of equivalent PLMNs is provided to the UE by the CN in the Location Area Update Accept and Routing Area Update Accept messages [24.008].
Equivalent PLMNs are handled at the NAS, so transparently to UTRAN.  For shared networks, the equivalent PLMN list would typically include the PLMN identities of the sharing operators.
Note that equivalent PLMN list also guides cell re-selection in certain connected states as given in Section 6.2.
(National) Roaming Restrictions
Roaming restrictions in idle mode are handled using Forbidden Location Areas ([24.008]). At location updating, the CN determines if the UE based on his National roaming restrictions is allowed service in that location area. If the subscriber is refused service, CN will reject the Location/Routing Area update with the cause code "Roaming not allowed in this location area".  
The UE will than add this Location Area to the list of “Forbidden location areas for roaming”.  The UE in idle mode and in Connected mode other than Cell-DCH will check this forbidden list during a cell reselection, and if the given cell belongs to an LA in its forbidden list the UE will not select that cell (provided there is an other LA which is not on the forbidden LA list). 
Forbidden lists are handled completely at NAS, so transparently for the UTRAN and guides cell re-selection in Idle and Connected states other than Cell-DCH. 
4.3 Comparison

Note that although in figure 2, the neighbouring networks are considered to be GSM networks, this is not required; they could also be UMTS networks. Although in such a situation, there is more than 1 UMTS network involved, still this Common Shared Network case is quite different from the Geographically Split Network case:

· In the Geographically Split Network case, the shared UMTS area is covered by multiple (equivalent) UTRANs each with their own PLMN-Id, whereas in Common Shared Network case, the shared UMTS area is covered by one UTRAN (one PLMN-Id). 

· In the Geographically Split case, the focus is on access restriction issues within the shared network. In the Common Shared Network case, the focus is on access restriction issues at the boundary of the shared network to cells of neighboring networks.

The above two cases should be considered “school examples”. Real-life configurations might be complex combinations of these two cases. E.g., since the “equivalent PLMN UTRANs” of the Geographically Split will typically also have neighbouring networks, the problem described for the Common Shared network might also occur at the boundary of the Geographically Split network. 

In Idle mode, the CN will inform the UE about the applicable access restrictions when the UE performs Location/Routing Area Updates (LAU/RAU), using Equivalent PLMN and roaming restrictions as described in Section 4.3   This list will guide the cell re-selection for connected mode other than CELL-DCH,  provided that the UE has an up-to-date forbidden location area list, which might not be the case in all situations.

 However, in CELL-DCH connected mode the UTRAN will be quite heavily involved in the accesss restrictions handling. This because for a UE in connected mode, the CN will not be informed about the mobility of the UE. As a result, for handovers the UTRAN will have to filter out the valid handover candidate cells from the list of all neighbouring cells present. In other modes than CELL-DCH connected mode, the access restrictions are handled thanks to NRR on a per LA basis. The access rights in all the UE modes/states must be aligned.


----<<other not affected parts removed>>----

5 Study areas

5.1 General

Any new functionality introduced in R5 should be introduced with the least possible impact to the existing R99/R4/R5 specifications.

5.2 Description of proposed changes

As is indicated in  Section 4, in CELL-DCH connected mode the UTRAN will be involved in the accesss restrictions handling.  As a result, for handovers the UTRAN will have to filter out the valid handover candidate cells from the list of all neighbouring cells present, based on available information about cell access restrictions.  
: 
For a UE in connected mode, CELL_PCH, URA_PCH or CELL_FACH states, is about to re-select to a cell where the operators are competing there are two cases if the UE is not allowed to access that cell:


Where the LA/PMLN is in the forbidden list

The forbidden PLMN/LA lists would be considered during the cell re-selection procedure in connected mode for states other than Cell-DCH.  Access to cells belonging to PLMN/LAs that are in the forbidden list will be prevented by all cell re-selection procedures.  The UE will (also in connected mode) read SIB1
 from the information broadcast and detect that it is not allowed to access the concerning cell. The UE will hence select a cell that it is allowed to access and perform a Cell/URA update.
If the cell to be re-selected is not in the forbidden list but is from a different PLMN, and if the two PLMNs are not connected over Iur, the Cell/URA update will be rejected in the new cell. This is because the DRNC cannot reach the SRNC over Iur and results in the release of the RRC connection.  Note that the PDP contexts are preserved in the UE.  A new RRC connection will then be established by the UE in the re-selected cell towards the new RNC followed by a RAU towards the new SGSN in the new PLMN. The inter-SGSN procedure in the CN will transfer the PDP contexts (provided the two PLMNs are configured to allow this over GTP) to the new SGSN and the old SGSN releases the Iu connection towards the old SRNC.

No issues are identified and no additional procedure is required for this in UTRAN to support network sharing.

Where the LA/PMLN is not in the forbidden list

Here the situation in RRC connected state is different from Idle state. In idle mode a Routing Area Update (RAU) will be performed at every change in RA; the SGSN will reject the RAU with the appropriate cause value if the UE is not allowed access to that LA/PLMN.  In connected state, no RAU will be performed even if the UE crosses RA boundary as read from the SIBs. RAU is performed only when the RNC indicates a RA change using dedicated RRC messages such as RRC UTRAN Mobility Information and this typically happens only after SRNC relocation. Hence in the absence of SRNC relocation, the UE may not perform a RAU and hence cannot depend on a RAU reject to prevent access to restricted cells.

The two cases to be considered as a result of this:

i) Where a selection between multiple PLMNs should be made when going out of coverage of RPLMN:

The Preferred and the Equivalent PLMN list will guide the PLMN selection for this case and a PLMN where the user is not allowed access will not be selected by the UE since it will not be in the above lists. As indicated earlier, if no Iur exist between PLMNs, the UE goes temporarily through Idle without losing the PDP contexts.

No issues are identified and no additional procedure is required for this in UTRAN to support network sharing.

ii) When the UE in a VPLMN moves into a region of overlapping coverage with HPLMN:


The UE will do a cell reselection in the RPLMN and send a cell update. As no Location Update is performed, the UE can use the resources of a not allowed cell. When the common channels are supported over Iur, the UE can continue to be served by the SRNC over Iur indefinitely even when it is in the coverage area of the HPLMN.  
Note that the UE behaviour is implementation dependent:

· if the HPLMN and RPLMN are in the equivalent PLMN list, either of them could be selected;

· background scan may eventually move the UE to the HPLMN or preferred PLMN.
In this situation, if the UTRAN would be aware of the access restrictions for that particular cell, the SRNC will realise that this UE is not allowed in this cell, and will release the RRC connection. Hence access restriction procedures as those required in Cell-DCH state are required for this case.
The UE will go to idle mode, read SIB1 again, see that this is a new LA (no NAS registration performed yet) and try registration, i.e. establish RRC connection and send the direct transfer message. Since this was an area where the operators competed the UE will get a reject on the registration and then update its forbidden list.
Currently multiple solutions have been proposed on how the information on cell access restrictions is brought into the UTRAN.  The different solutions are discussed seperately in the sections below, followed by a section comparing the solutions.

5.3 SAG based solution

---<<<not affected parts deleted>>>---























































� The reading of SIB1 for the purpose of checking the LA was added in the 09-01 version of 25.331.


� Mechanisms include UE-specific LOCATION UPDATING ACCEPT/REJECT & inclusion of LA-specific/UE-specific equivalent PLMN information in LOCATION UPDATING ACCEPT.


� The reading of SIB1 for the purpose of checking the LA was added in the 09-01 version of 25.331.
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