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1 Introduction

During RAN3 #29, a number of contributions have been discussed and included in the TR on the "Shared Networks in Connected Mode" WI. Still some contributions were not handled due to lack of time. Based on the existing TR as well as contributions that were submitted but not discussed this paper is proposing a way forward as the subject can be considered as sufficiently mature in RAN3 and time grows short to complete this Work Item.

2 Analysis of the solutions in light of constraints and requirements

Discussion:
Requirement 5 in the TR states "The shared network solution shall be extendable in a future release to provide the possibility to handle a per subscriber differentiation allowing e.g. to have different access rights for different roamers". Up to now, the only extension that has been identified as needing to be introduced in the future is the handling of regional subscription in Connected Mode. Actually, the problem for Regional Subscription in Connected Mode is quite similar to the one for National Roaming this WI is aiming at solving: currently a subscriber with regional access restrictions could be allowed with mobility handled via the Iur to keep its call when entering an area to which it should not be allowed to access according to its subscription. According to R3-021321, Regional Subscription is handled currently in the CN by using RSZI (Regional Subscription Zone Identifier). RSZI is composed of the PLMN Identity (CC + NDC) and a Zone Code (ZC). The ZC "identifies a regional subscription zone as a pattern of allowed and not allowed location areas uniquely within that PLMN."

Conclusion:
Evolving in the future to support such a feature seems in contradiction with the SAG concept. In order to be future compatible in the simplest manner, it would be better to adopt a description based on geographical areas, be it SNA or LA (it would probably be easier to map SNAs to ZCs).

Discussion:
Furthermore, some concerns have been raised as to the size of the messages on the E-interface. In the scenario where a relocation is performed in the CS Domain involving 2 different MSCs, the RELOCATION REQUEST message has to be built with the relevant information for Shared Network. Currently, the Mobility Management is handled by the Anchor MSC (where the MM Context of the Subscriber is). Although this has not been clearly discussed up to now, there are 2 different possibilities as to where this information is located:

1. If the relevant information is provided by the Anchor MSC, then this information shall be present in the Anchor MSC and carried over the E-interface. In this case, the LA-based solution would probably be something of a problem due to the potential size of the messages.

2. If the relevant information is provided by the non-Anchor MSC, then this information does not need to be present in the Anchor MSC (for this purpose) and it will be the responsibility of the Non-Anchor MSC to complete the building of the RELOCATION REQUEST message by adding the relevant Access Information. In this case, there is no traffic over the E-interface.

There are pro and cons for each alternative: the alternative 2 seems sensible as the Non-Anchor MSC has this information available in order to handle all the subscribers handled by RNCs under this MSC. However, the Anchor MSC has available the Access Information to its own network as well as at least part of the partner's network. In fact, the latter shall be present in any MSC so that the SRNC can perform a Handover to the other network with some knowledge that the mobile has a right to access this network (this information has been previously provided to the SRNC on the Iu interface).

According to the LS received from CN4 at RAN3 #29 meeting (tdoc R3-021154_N4-020699), it seems that the assumption in CN4 is the alternative 1. However, according to the discussions on this LS, it seems that this was not the assumption for at least some companies. In order to get a better view of the whole picture and a complete TR, RAN3 should ask for guidance from SA2, CN1 and CN4 on this particular point.

Conclusion:
In light of these architectural considerations, the LA-based solution could generate problems from the E-interface point of view. Thus, such a solution should not be retained.

Proposition 1:

RAN3 should answer CN4 LS on Shared Network (in R3-021154_N4-020699) stating that our understanding is that the underlying assumption in the CN4 LS is that all the Access Information is located in the Anchor MSC and passed over to the Non-Anchor MSC over the E-interface. However, RAN3 would like to get confirmation that such a CN architectural decision has actually been made for the purpose of Shared Network as this has an impact on our decisions.

Discussion:
Given this, the solutions that seem to be the most suited are a solution based on the SNA concept and the "RAN-based IMSI analysis" solution. However, in light of the proposition for an enhancement of the "RAN-based IMSI analysis" solution in order to handle Regional Subscription in Release 6, the full solution would be "RAN-based IMSI analysis + SNA(or LA)-like solution".

Conclusion:
In order to minimise the impact on specification and existing products in Releases 5 and 6, it is proposed to agree in RAN3 to investigate only solutions based on the SNA concept from now on. This should reduce the scope of the discussion and allow to reach a conclusion more quickly.

Proposition 2:
The following wording is proposed for the Agreement section of the TR:

"It is agreed that the solution for Shared Network in Connected Mode shall be based on the SNA concept".

Possible Solutions based on SNA (Information Exchange vs OAM in UTRAN)

There is currently only one solution based on the SNA concept presented in the TR. The so-called "SNA-based solution" uses OAM in the UTRAN. From now on, this contribution will refer to this solution as "SNA-OAM solution". Another solution (which will be called "SNA-InfoExch" solution in this contribution) has been evoked in discussions both in the meeting and off-line, but up to now, it has not been fully described: this solution would be based on the SNA concept but use Information Exchange procedures on the Iu interface in order to replace OAM in UTRAN.

In this "SNA-InfoExch" solution, a set of Information Exchange procedures would be introduced over the Iu to allow to define the correspondence between each SNA and LA(s): the RNC would request the definition of the SNAs from the CN and in return the CN would provide all the needed SNAs and, for each SNA, the list of LAs in this SNA. By use of an "On Modification" event type, any OAM change in the CN would be relayed to the UTRAN via this procedure.

This approach would allow e.g. implementing an OAM solution in the CN common to Connected and Idle Modes mechanisms thus removing any risk due to bad OAM coordination in the CN or bad OAM coordination between CN and UTRAN. However, the drawback of such a solution is that the MSC should be aware of how the SNAs of the other operator are built (at least in the neighbourhood of its own network). This also means some additional OAM coordination mechanisms should be defined in the CN to allow an operator to be aware of any change in the building of the SNAs of its partner (i.e. if the list of LAs in an SNA changes). In the case of the SNA-OAM solution, there is no need for additional OAM coordination mechanisms: a mechanism will anyway be needed to get accurate information on neighbouring cells that are in the PLMN of the shared network partner. Thus the SNA Information will just be an additional information exchanged via this mechanism.

Another problem that may arise from this solution is the interaction with the Iu-Flex functionality: one MSC/VLR must be selected by the RNC in order to receive this information. Currently, this will probably be up to the "Default CN Node" to provide this information to the RNC.

There are 3 different possibilities for the use of this "Information Exchange" on the Iu interface:

1 – Coupled with the use of the Information Exchange procedure on the Iur as in the "RAN-based IMSI analysis" solution. In this case, the MSC needs only to be configured with the "local" information:
-
in which SNAs are the LAs controlled by the MSC (this should allow the same OAM implementation for Connected and Idle mode)
-
in which SNAs are LAs of other PLMNs containing Cells that are neighbouring Cells of Cells in LAs controlled by the MSC. This additional information will bring some need for coordination between shared network partners.

2 – Coupled with the use of the Neighbouring Cells Information over the Iur as in the "SNA-OAM" solution. In this case, the MSC needs only to be configured with the "local" information:
-
in which SNAs are the LAs controlled by the MSC (this should allow the same OAM implementation for Connected and Idle mode)
The remaining issue is in how to get SNA Information for Neighbouring Cells configured in the RNC that are in:
-
an LA not controlled by the MSC: Open Issue.
-
another PLMN: this could be handled as part of the OAM coordination needed between shared network operators to allow national roaming in connected mode (mechanism needed to provide accurate information on the neighbouring cells that are in the PLMN of the partner). However, in this approach, the SNA Information for a particular cell is not part of UTRAN OAM parameters: so this would actually lead to coordination between the UTRAN of one operator and the CN of its shared network partner. This issue also needs to be investigated.

3 – Use of the Information Exchange procedure on the Iu only. In this case, the MSC needs to be configured with some global information:
-
in which SNAs are the LAs controlled by the MSC (this should allow the same OAM implementation for Connected and Idle mode) and the LAs that can be reached via Iur from these LAs.
-
in which SNAs are LAs of other PLMNs containing Cells that are neighbouring Cells of Cells in LAs controlled by the MSC or in LAs that can be reached via Iur from these LAs. This additional information will bring some need for coordination between shared network partners.

The 2nd approach seems a good way forward using the Information Exchange over the Iu interface: It can be seen as an evolution of the "SNA-OAM" solution in that OAM in the RNS would be replaced by the introduction of a set of procedures on the Iu. However, there are issues still to be investigated. The 1st approach with an extensive use of the Iur could solve some of the issues, but it does not prevent additional OAM in the CN. Furthermore, the added complexity is in the handling by the RNC of all the RNCs to be contacted in order to retrieve the needed information. The 3rd approach solves the problems encountered in the other solutions by an extra effort in the CN which may well result in configuring all the CN Nodes of an Operator with the same global information.

Any of these approaches allows to design an OAM implementation common to the Connected Mode and the Idle Mode in the CN and thus avoid the risk of inconsistency between these modes due to OAM in UTRAN for the former and OAM in the CN for the latter. Furthermore, it will be really suited to future enhancements such as handling of regional subscription in Release 6 as the correspondence between ZCs and LAs is defined in the MSCs.

Another point is that, if it is allowed to have either approaches (for instance, "OAM in Release 5 and Information Exchange in Release 6" or "Information Exchange over the Iu interface as an optional means for the CN to support National Roaming in Connected Mode"), then it means, in a multi-vendor environment (which is definitely the case over the Iu), that, even if the RNC implements the Information Exchange approach, it will also have to implement the OAM approach to support the feature with CN Nodes not supporting the Information Exchange. The decisions in RAN3 should also take that into consideration: for instance, Information Exchange could be introduced as a way to support Regional Subscription in Connected Mode or in Shared Networks.

Proposition 3:

Given that the advantages from a solution based on the set of Information Exchange procedures are balanced by the added complexity on the Iu interface (introduction of new procedures), it is proposed to adopt in Release 5 an approach based on OAM in UTRAN and study the introduction of Information Exchange procedures on the Iu interface in Release 6 in light of possible future enhancements. The following wording could then be added to the "Agreement Section" of the TR after the sentence proposed in Proposition 2:

"It is agreed that this SNA solution shall be based, in Release 5, on OAM in UTRAN. It is proposed to consider enhancements based on the "Information Exchange" procedures in future releases."

Overlapping SNAs vs Non-overlapping SNAs

"Overlapping SNAs" have been presented as a means to perform a trade-off between load on the Iu interface and the Iur interface. However, given that the load of the signalling on the Iur and Iu does not generally seem to be a concern,  it is not that critical an issue. So there is not much need for overlapping SNAs from that point of view. 

However, "Overlapping SNAs" will probably provide some additional flexibility, for instance, in the handling of the Network evolution: in the case where the "competitive" area grows, this could allow a smooth and coordinated evolution. In this case, LAs belonging to the new shared area could be mapped in SNA3 and LAs belonging to the new competitive area could be mapped in SNA4 (old shared area = SNA1 and old competitive area = SNA2). So each LA belongs to two SNAs. Once, this configuration is done in UTRAN, the change of configuration in the CN for the UE Access Rights (UE has access or not to the SNA3/SNA4) can occur and this will correspond to the time where the new network configuration (i.e. with new competitive area) will apply. In the case of an implementation of the OAM in the CN allows common configuration for the Connected and the Idle mode, then this change will be simultaneous for both modes.

Furthermore, with regards to future enhancements and especially regional subscriptions, nothing precludes an LA from belonging to several ZCs...

Proposition 4:

The following wording is proposed for the Agreement section of the TR:

"It is agreed that this SNA-solution shall allow an LA to be in several SNAs".

Open Issue: What is the maximum number of SNAs in which an LA is allowed to be? This should take into account future enhancements such as regional subscription in Connected Mode, for forward compatibility reasons.

3 Universal SNAs vs PLMN-specific SNAs

The remaining issue that needs to be discussed is whether Universal SNAs in addition to PLMN-specific SNAs or not.

From the perspective of requirement 6, merging shared networks could prove to be a problem. In fact, if operators in the different shared networks have used the same Universal-SNA Ids, then this would require a big amount of OAM to correct the situation (how big depends on the adopted solution, but this could really be a problem in e.g. an "SNA-OAM" solution). Furthermore, from a conceptual point of view, a Universal-SNA is not "controlled" by a single entity.

Up to now, no advantage has been shown for Universal SNAs compared to PLMN-specific SNAs, except being an optimisation in terms of signalling load for an already well-optimised solution.

Proposition 5:

The following wording is proposed for the Agreement section of the TR:

"It is agreed that the SNA-solution in Release 5 will be based only on PLMN-specific SNAs. The use of Universal SNAs should be investigated as a possible enhancement in future releases."

4 Conclusion

It is proposed to discuss and agree on the Propositions 1, 2, 3, 4 and 5.

If RAN3 agrees on these propositions (or at least on a way forward on the issues addressed by these propositions), then a complete solution can be designed with agreed CRs in time for the next RAN Plenary.
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