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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document will give an overview of the current network selection mechanism and will highlight its limitations based on known operational problems and consider issues brought about by the advent of new access systems. Potential changes will be described to the selection mechanism to provide a better user and network operator experience.

The report will consider the mechanism of network selection used in the following areas:

· Method used in mobile devices & (U)SIMs

· End user operation (the information that can be presented to the User but not how it is presented)

· Network operation (RAN & Core)

· Methods for Operator control of network selection for roaming

· Methods for User control of network selection while roaming 

The following scenarios will be included:

· Operation in the Home Network and while roaming

· Selection on power-up

· Re-selection following loss and re-establishment of signal

· Access network selection/re-selection (e.g. 2G/3G)

· Methods of prioritisation of network selection

· Selection based on service required

· Additionally, for operation while roaming

· PLMN reselection (e.g. at country borders)

· Fault conditions on preferred network(s)

Other considerations:

· Backwards compatibility with existing devices

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.  In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the [following] terms and definitions [given in ... and the following] apply.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

3.3
Abbreviations

For the purposes of the present document, the following abbreviations apply:

4 Network Selection Overview
5 Limitations of Current Specifications

5.1 Existing Identified Issues

5.1.1
Network Reselection

No mechanism exists for the HPLMN to request that a UE selects a different VPLMN whilst roaming. Currently this only happens when through the use of the background scan when the UE is on a non-preferred network. 

No mechanism exists for the HPLMN to request that a UE selects a different I-WLAN whilst roaming once an I-WLAN has been selected.

5.1.2
Single Priority on VPLMN

Currently the only standardised automatic network selection mechanism by which the HPLMN can control which VPLMN is selected is through the preferred list. The intended behaviour is that one network in the visited country takes precedence over all the others, and in the case where a UE has selected an alternate network, the background scan should cause the UE to re-select to the preferred network.

As a consequence the HPLMN has a choice to direct “all” of its roaming users to one VPLMN, or alternatively to distribute the users randomly between all of the VPLMNs 
 in the visited country (by not stating a preferred network for that country).

It is currently not possible to distribute traffic between, say, 2 or 3 of the networks in the visited country.

Note:
You could distribute users by configuring the preferred list different for different users however the management of this may create issues for the operator.

5.1.3
Manual Network Selection

The use of manual network selection is believed to be extremely limited, with very few users understanding this feature. One key limitation of manual network selection is that the user is presented only with the network name and is provided with no other information on which to base an informed decision over which network to select.  

In the case of Equivalent PLMNs where 2 or more PLMNs can equate to a single PLMN the user is only presented with one instance allowing them no choice to choose the other network if network selection fails.

If a PLMN is inserted into the forbidden PLMN list the only way to remove that PLMN is via manual network selection and successful registration on that PLMN.  

Manual selection is a useful tool in cases where the selected PLMN is not providing adequate quality. However, in other circumstances it prevents the mobile operator from providing the subscriber the best possible service. The removal of this functionality should be considered in the new procedure. If the manual selection procedure is maintained, it should not be extended in such a way as to allow the user to manually select a radio access technology.

5.1.4 
Time to Select a Network

When multiple bands and multiple technologies are available the time to select a PLMN may be too long. The new procedure should address this area


5.2 Impact of Technology Changes
5.2.1
Introduction of New Technologies

This section looks at how technology changes can impact the current Network Selection mechanism. When a new technology has been introduced typically one of two options are taken:

· Replication of the network selection principles.

Replicating the user experience provides the same over all “look and feel” to the user, however from an operators perspective it is possible to use a different set of variables to assist the UE in choosing the most appropriate network.  There is also the opportunity to provide some additional control, however the experience to the user should be technology independent.  .  Current examples include the ability to define a different set of preferred PLMNS for I-WLAN
· Do nothing to the network selection principles.

Some technology changes do not allow replication of the user experience.  Core network technologies such as CAMEL, IMS, etc fall into this category.  In these instances the UE is not aware of the capabilities of the core network when it performs a scan of the radio broadcast information. 

As technology changes are introduced there is the possibility that the “ideal” network for a given user may not correspond to the preferred network as indicated by the HPLMN currently on the (U)SIM. In order to ensure the best user experience operators may need to regularly update their preferred lists, and also verify that all users receive those updates. The “ideal” network may also change from user to user depending on the services that she decides to use.

This becomes a more complex model as more technology changes are introduced into the 3GPP system. For example an operator may have roaming services based upon CAMEL with one operator in the visited country but only have GPRS roaming with one of the other operators.  The UE should be directed to the best network at the time for the user at that time taking into consideration variables such as service(s) availability, cost etc.

5.2.2
Multi-Provider Environments
The network selection procedures in TS 22.011 focuses on PLMN selection defined in Section 3.2.2.1 as “an UE based procedure, whereby candidate PLMNs are chosen, one at a time, for attempted registration”. In Release 6 the concept of PLMN+AT (AT = Access Technology) was included in the network selection procedures of TS 22.011.

Upcoming usage scenarios may require taking into consideration for network selection purposes the intermediate networks traversed when providing services to subscribers. For example, taking the I-WLAN case, at a particular location several WLAN access networks could provide access to the HPLMN services. Figure 1 depicts this situation:


[image: image3]
Figure 1: Example of a scenario where two intermediate networks 
provide access to the HPLMN

According to Section 6 (“Support of 3GPP - WLAN Interworking”) of TS 22.011, “support of 3GPP-WLAN interworking and network selection is captured in TS 22.234”. However, TS 22.234 does not extend the concepts 

· User reselection

· Periodic network selection attempts

· Investigation PLMN scan


defined for PLMN selection in TS 22.011 to situations where there are intermediate network providers.

This can result in a permanent sub-optimal network selection. Possible solution approaches could be, for example, the definition of specific background scan timers for intermediate networks, particular RATs or simply for reverting to a wide area coverage access network.

Furthermore, in certain situations it could be advantageous for a PLMN to be able to instruct a terminal to gain access over a particular RAT and/or intermediate network. To this avail, appropriate system reselection mechanisms could be of interest. 

6 Requirements on Future Developments

6.1 General Requirements

6.1.1
Customer Experience

Following switch-on where there is no last registered PLMN, the user should be registered on non-forbidden PLMN within 20 seconds, maximum. This period includes the execution of any 3GPP defined functionality (e.g. after any PIN verification) that is performed by the mobile device but excludes any additional functionality (e.g. operating system device initialisation).  

If the last registered PLMN is available, the user should be registered on that PLMN within 5 seconds maximum. This period includes the execution of any 3GPP defined functionality as described above.

Roaming users should always be able to access all their services and their services shall always work correctly as if they were on the home network. The selection of the network & access type should be based on the suitability for the required service.

Selection should be automatic, no user intervention should be required.

6.1.2

Home Operator Requirements

The home operator's users' devices should select the home operator's preferred network & access type while roaming.

The home operator should be able to set the mix of networks & access types that can be used by each roaming user for each visited network (i.e. apply per user per country).

6.1.3
Visited Operator Requirements 

It should be possible for the visited operator to direct traffic from roamers onto the appropriate access technology to manage network capacity and loading (e.g. to use 2G for voice and 3G for high speed data services). The ability to change the access in real-time for roamers according to their usage should be possible.

6.1.4
Key Principles
The following is a set of principles that should be preserved when devising a new procedure to perform the registration to the serving mobile network. The assumption made in this paragraph is that the term “network” has to be interpreted as the core network of the mobile operator with whom the subscriber has direct relation (i.e. the home PLMN) or indirect via the home PLMN (e.g. a Visited PLMN).

Principle 1: the subscriber registers with a public land mobile network regardless of the radio access technology employed to attain connectivity. This is then regarded as the registered PLMN (RPLMN).

Principle 2: the home PLMN operator can prioritise by means of lists the available PLMNs for roaming. If only networks for which no priority is defined are available, radio conditions might influence the network selection procedure. Furthermore the home PLMN operator has control over the periodicity the UE attempt to register on a PLMN with higher priority than the current registered one.

Principle 3: the HPLMN of the subscriber has by default the highest priority, however the UE shall first attempt to attain service from the last PLMN it successfully registered on (last registered PLMN). 

Principle 4: the PLMN (identified via the broadcast PLMN ID) has priority over the particular radio access technology that the UE may prefer to use. This means that in general different radio access technologies supported by a PLMN have the same priority with regards to the network selection procedures.  
6.2 ME Considerations

6.3 UICC Considerations

6.4 Network Considerations

6.5 Backward Compatibility
Existing devices must continue to work whatever the changes that are made to the network selection mechanism. 

Enhancements to the Network Selection procedure in the core network shall be done such that backwards compatibility with existing UEs is maintained. 

Legacy and new ME/UICCs should work with either the new or the old selection mechanism whatever the combination of enhancements.
7 Potential Future Standardisation
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� The VPLMNs in the case being the ones with whom the HPLMN has CS Roaming agreements.
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