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Discussion

Purpose:
This discussion paper is provided to address whether PDN capabilities are related to PLMNs in general and to ePLMNs in particular. It provides the TeliaSonera understanding of the 3GPP specification and explains why we are convinced that it is incorrect to connect the capability of a Packet Data Network to cell re-selection and handover. It also suggests a way forward for session management retry both for shared networks and for networks which use equivalent PLMNs for network deployments that implement different Packet Data Network capabilities per PLMN in the ePLMN list.
Background:
There has been lengthy discussions in CT1 regarding :

· changing the back-off behaviour for the session management cause codes #50/#51#66, 
· the connection between session management and ePLMNs, 
· ePLMN and its applicability to services, 

· and to the connection between the capabilities of a Packet Data Network and UE mobility. 
There is no dispute that ePLMNs are applicable to mobility management, and in TeliaSonera’s view ePLMN usage by principle should be invisible outside mobility management.
When discussing services provided by Packet Data Networks, the relationship to services provided by a PLMN is not clear to TeliaSonera. To us the principle is that the IP versions supported by a Packet Data Network is related to the capability of the Packet Data Network and not to capabilities of the PLMN used to access the PDN. It is totally incomprehensible to us that a PDN would change support of IP versions when a mobile makes cell re-selection, or handover occurs between cells in equivalent PLMNs. 
Obviously a PLMN may or may not provide access to a PDN. An APN used by a mobile may result in a different PDN when a UE has selected a new PLMN. Finally a PLMN may have limited capabilities to handle IP versions that are actually supported by a PDN. Our position is that the specification shall support network deployments that implement the specification, and that also deployments need to be handled in a way that doesn’t harm the network or service experience of its users.
The view that network sharing requirements are needed to support are disputed by other companies, with the rationale is that services can be different between ePLMNs.

Discussion on ePLMN and user services:
Several documents, including LSes and discussion papers have made the observation that there is no requirement that service support must be the same across all equivalent PLMNs.
This is correct (after all, the set of ePLMN is a temporary list, given to an individual UE), but there is also no requirement for services to be homogenous within the same PLMN, or over any specifically identified network area at all:  

-
supported services are not required to be the same amongst cells within the same PLMN-Id,  

-
a service may be supported in a set of cells, Routing/Tracking areas, or countries, 

-
different services may have different area coverage,
-
some services are not provided by PLMNs but by Packet Data Networks,

-
some services may be provided based on a certain Radio Access Technology being used,
-
and (some) services may be the same across all equivalent PLMNs. 

In conclusion, the specification does not mandate or exclude any connection between services and PLMN identity at all, and it is therefore incorrect to connect requirements on geographical scope of services to equivalent PLMNs.
Discussion on ePLMN requirements:
The CR in SP-010150 to TS 22.011 (co-sourced by Telia) introduced the requirement in Rel 99 for all 3G capable mobiles to support access networks using different MNCs. This CR was part of the suite of CRs that were the results of the Helsinki workshop on UE in idle mode, held in February 2001. The support of different PLMN codes for different RATs was implemented using the concept of equivalent PLMNs for both GSM and UMTS. The CR also made the requirement regarding mobility management.
TS 22.011 text introduced by the CR:

It shall be possible to handle cases where one network operator accepts access from access networks with different network IDs. It shall also be possible to indicate to the UE that a group of PLMNs are equivalent to the registered PLMN regarding PLMN selection, cell selection/re-selection and handover.
Different MNCs per frequency band and RAT license are (or in 2001 at least were) mandated by regulations in some countries, which means that operators in those countries thanks to equivalent PLMNs then and now can provide a single network using multiple MNCs. If equivalent PLMN had not been supported by all Rel 99 mobiles the user experience would have been very poor, thus this requirement. 
The functions provided by equivalent PLMNs were also used when UTRAN network sharing was introduced. The specification includes the use of a “Common PLMN” and an operator PLMN-id for both GERAN and UTRAN network sharing, in case the other RAT is not shared. Common PLMN is required for GERAN network sharing as the support of multiple PLMN is optional in GERAN mobiles. The requirement is the same for shared UTRAN networks as multiple PLMN support in mobiles is mandated from Release 6 onwards only. Multi-RAT E-UTRAN capable mobiles are impacted by these requirements. As all mobiles support multiple PLMN for E-UTRAN, there is no requirement to use Common PLMN for E-UTRAN access.
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Example MOCN scenario where UTRAN is shared and GERANs are non-shared. 

PLMN C is the common PLMN in this example.

For Operator with PLMN A, due to non-supporting mobiles:  

· equivalent PLMNs = A and C. 

For Operator with PLMN B, due to non-supporting mobiles:  

· equivalent PLMNs = B and C. 

TS 23.251, Annex B.1 specifies that networks that use network sharing shall have the same capabilities as non-shared networks. TS 22.101 does as well. TS 23.251 , clause 4.2.3.1 specifies that shared networks deployments using Common PLMN needs to be supported. TS 22.011 specifies that an operator must be able to use different network codes for different accesses.
To conclude, stage 1 and stage 2 requires that a network operator shall have the capability to use different MNCs per access network.
The real concern, and proposed way forward:

TeliaSonera has been very careful to watch over how the specifications have evolved sofar, and to ensure that the mobile behaviour is based on PLMN selection, cell re-selection and on hand-over, where the UE behaves the same when the network issues ePLMNs as when only the RPLMN is issued to the UE.
TeliaSonera has made several network deployments using the specifications where common PLMN is used, and where therefore different MNCs are used to access the same network. We view the support of these capabilities as essential for any operator that considers to support GSM based services in the future, e.g. for M2M.

We are aware of other operators that make use of the same type of network deployment as we do, including competitors in the same markets as us. Operators also make use of ePLMN for national roaming.

What we see proposed in the CRs now is a mobile behaviour based on the UE entering a PLMN, where the UE makes decision based on the mobile network identities being received after registration, and not based on PLMN selection. Using such an approach and making changes throughout the NAS specifications to implement that approach in a consistent manner would lead to severe problems for shared network deployments. The main problem expected is excess signalling, e.g. signalling storms at critical areas for public transport due to cell re-selection.

TeliaSonera is concerned that changing the UE behaviour will set a precedent, so that even bearers that survive mobility between PLMNs need to be disconnected and reconnected by the UE. The use case is a UE that attempts a IPv4V6 dual stack bearer and only receives an IPv4 bearer will repeat the disconnect and re-connect behaviour at cell reselection, as it needs to use a dual stack bearer if it can, and it does not know whether the new PLMN supports IPv6 or not.

TeliaSonera would prefer to keep the current behaviour of mobiles, i.e. base decisions to retry session management attempts for a Packet Data Network based on PLMN selection. The reason is that we are convinced that is the appropriate solution for capabilities provided by a Packet Data Network.

To also support potential other deployments, we have endorsed a Change Request by Samsung that allows the RPLMN operator to choose whether the UE shall retry PDN connections only at PLMN selection to a new PLMN (non-ePLMN), or to allow re-attempts at any situation where the UE enters and registers to a cell in a PLMN different from the RPLMN. We think the former is appropriate for a network that uses a single network to control multiple MNCs, and the latter is appropriate for networks where the capabilities differ between the ePLMNs.
Quotes from specification text:

TS 23.251

4.2.3.1
Behaviour of supporting UEs (GERAN, UTRAN and E-UTRAN)

In some sharing scenarios, the sharing operators require the UTRAN/GERAN to broadcast, to non-supporting UEs, a PLMN ID that does not identify any of the sharing core network operators. In this case, it is necessary that a supporting UE does not select this "common PLMN ID".

Annex B (normative):
Interaction with other network capabilities

B.1
General

The provision of services and service capabilities in a network should not be restricted by the existence of network sharing. Therefore, all new features (or enhancements to existing features) should be specified to work in network sharing environments.

TS 22.011

Clause 3.2.2.1:

It shall be possible to handle cases where one network operator accepts access from access networks with different network IDs. It shall also be possible to indicate to the UE that a group of PLMNs are equivalent to the registered PLMN regarding PLMN selection, cell selection/re-selection and handover.
TS 22.101

4.2.1
Provision of service capabilities in shared networks

The provision of services and service capabilities that is possible to offer in a network shall not be restricted by the existence of the network sharing It shall be possible for a core network operator to differentiate its service offering from other core network operators within the shared network. 

It shall be possible to control the access to service capabilities offered by a shared network according to the core network operator the user is subscribed to.
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