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1 Introduction

At the RAN3#24 meeting, several contributions were presented on the Shared Networks topic introduced by the contribution R3-012385 presented at RAN3#23 meeting. This paper tries to compare the different proposals.

2 Discussion

2.1 Typical scenarios

This section gives an idea of typical scenarios. They are all related to the called “Geographical Split Shared Network” configuration with roaming subscribers where two or more operators are allowing same subscribers to roam in some part of their PLMN, and where some areas overlap as shown in the figure 1.

Figure 1: Geographical split with overlapped areas

When the UE is in idle mode or in URA-PCH, cell-PCH, cell-FACH states, cell reselection procedure will apply. If there is a change of LA, the UE will have to initiate a Location Update procedure towards the Core Network. Thanks to the National Roaming feature, defined in TS 22.011, a specific Location Area can be authorised or barred. Therefore, it is possible to restrict the access of non-shared cells to UEs based on their MCC+MNC: the solution consists in configuring non-shared cells in specific LA(s).

Note that, according to TS 22.011, regional authorisation/barring is not part of International Roaming.

However,  when the UE is in cell-DCH mode, handover procedure applies, i.e. the SRNC is in charge of selecting the target cell it will send the UE to. The UE is not involved in the selection procedure. In order to have the same restrictions in all UE modes, the SRNC should get all the needed information to authorise/restrict the handover to certain target cells.

There are several cases:

1- case where SRNC controls cells in the non-shared area,

2- case where SRNC does not control cells in the non-shared area.

2.1.1 Case 1: the SRNC controls cells in the non-shared area

This is shown in figure 2.
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Figure 2: SRNC controls cells in non-shared area.

In this case, Cell 2A and Cell 1C are neighbour cells of cell 1B. The SRNC can be configured by O&M with appropriate parameters associated with those cells such as authorised IMSIs or MCC/MNC, etc. on a per cell basis.

The solution is implementation dependent and a kind of  “IMSI-based” handover can be provided.

2.1.2 Case 2: the SRNC does not control cells in the non-shared area

This is shown in figure 3.
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Figure 3: SRNC does not control cells in non-shared area.

In this case, Cell 2A and Cell 1C are neighbour cells of cell 1B, and the DRNC can be configured by O&M with appropriate parameters associated with those cells such as authorised IMSIs or MCC/MNC, etc. on a per cell basis.

Solutions should be found in order to help the SRNC to select authorised cells for further soft/hard handover. It is preferable that the SRNC ask measurements only to authorised cells when possible.

2.1.3 Other cases

Another scenario consists of two or more operators with their own PLMNs, plus one “shared company network” with its own PLMN into which the UEs from these operators are allowed to roam. 

This is shown in figure 4.
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Figure 4: Shared Company Network scenario

Let’s assume that:

· PLMN2 is authorised to roamers from PLMN1 and PLMN3,

· PLMN3 is not authorised to roamers from PLMN1,

· PLMN1 is not authorised to roamers from PLMN3,

Case 1: SRNC in PLMN1, DRNC in PLMN2
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Figure 5: SRNC in PLMN1 and DRNC in Shared Company Network

Let’s assume that Iur is used for soft handover between the PLMNs.

In this case, a UE coming from PLMN1 cells could move to shared PLMN2. When  the UE has a radio link under cell 2C, the neighbour cells are Cell 2D and Cell 3A. Cell 3A is not authorised for that UE and should not be selected by the SRNC.

Case 2: SRNC and DRNC in PLMN2
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Figure 6: SRNC and DRNC in Shared Company Network

In this case, an UE authorised in PLMN1 is also authorised in PLMN2 but not in PLMN3: it is not authorised to move to cell 3A. This case is similar to case 2 of section 2.1.2
2.2 Proposals

Two proposals are studied:

· proposal 1: the DRNC returns all neighbour cells to the SRNC, with additional parameters that help the SRNC to select authorised cells according to the UE’s IMSI.

· proposal 2: the DRNC, thanks to the IMSI, selects the cells authorised for the UE’s IMSI, and returns them to the SRNC.

2.2.1 Proposal 1: SRNC filtering

Proposal 1 has been proposed by Ericsson. Its consists in on adding, for every neighbouring cell, a bitmap where each bit represents (when set) a subscribers’ group which is allowed to access that particular cell.

The drawbacks of that proposal are:

· The need to change Iur interface

· The need to have a complex co-ordination at O&M level

This latter issue is the most important since the “subscribers’ groups” must be defined in a unique manner over the whole UTRAN, and even more when the SRNC is in a PLMN and the DRNC in another PLMN (see above).

2.2.2 Proposal 2: DRNC filtering

Proposal 2, which consists in filtering the authorised cells at the DRNC before returning the list of neighbour cells to the SRNC, implies the knowledge of IMSI by the DRNC.

IMSI is normally sent from SRNC to DRNC via the Radio Link Setup Request or in the Radio Link Addition Request messages (Permanent NAS UE Identity IE). 

Since the cell filtering is done by the DRNC, the SRNC should not request a Radio Link under an unauthorised cell. However, if the IMSI was not available at the last Radio Link Setup/addition, the SRNC may select an unauthorised neighbour cell and request a new Radio Link under it. In this case, the DRNC should be able to reject that Radio Link, based on its local knowledge of the Cell characteristics (O&M) and the knowledge of the IMSI if available. This needs the introduction of a new RNL Cause Value (e.g. "Access to Cell denied to UE's Operator").

The advantages of that proposal are:

· No need to add any new IE to the Iur interface, just a new cause value.

· No need to have a complex co-ordination at O&M level

The issue is the availability of IMSI since the SRNC might not be available at the time RL Setup Request is initiated.

Let’s study the cases where it happens:

1- When the UE initiates a CM Request (in the CS domain) or a Activate PDP Context (in the PS domain) to the Core Network, authentication phase is initiated. The authentication parameters are downloaded to the MSC or SGSN at this stage or prior to it, together with the IMSI. Therefore, the IMSI is provided by the Core Network prior to the RAB Assignment Request.

So, the IMSI is always provided to the SRNC prior to the first RAB.

The only cases where the IMSI might not be available are the cases where the UE has a RRC connection on DCH, but there is no RAB yet, so no actual user service. In this case, soft handover or even hard handover can occur.

The IMSI will be available at last with the first RAB. 

A simple solution would be to initiate a SRNS Relocation procedure in the case IMSI was not present at the addition of Radio Links of the present active set, and only when there are neighbour cells from another PLMN.

3- Furthermore, the SRNC in which the RRC connection has been initiated knows all the IMSI-related information associated to its neighbour cells (via RNC O&M). Therefore, it is only in the case:

· the UE has moved to a cell controlled by another RNC, and

· the neighbour cells are from a different PLMN, and

· the neighbour PLMN is an equivalent PLMN (otherwise, the cells controlled by the current PLMN will be chosen by the SRNC since they are preferred),

that the IMSI-related information are needed. So, at t2 in the following figure.

Since there are some requirements on the setup delay in UMTS, it is expected that this case is very unusual.

Furthermore, this case can be solved by a SRNS Relocation during signalling phase in the rare cases mentioned in the previous paragraph.
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Figure 7: UE moves during signalling phase

3 Conclusion

Simple solutions for the issues mentioned in proposal 2 exist. So, proposal 2, which consists in filtering the authorised cells at the DRNC when IMSI is available is the solution preferred by Alcatel.

It has the advantages of:

· Not requiring any new IE or message to RNSAP, just a new cause value,

· Not requiring complex O&M co-ordination over RNCs and PLMNs.

· The measurements performed by the UE are restricted to the Cells on which it is authorised to perform Handover (by using the MEASUREMENT CONTROL RRC message).

· It does not introduce additional delay due to an exchange over Iur.

· It allows more than 2 Operators to share their UTRAN Infrastructure.
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