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1
Introduction

The Generic Access to the A/Gb interface (GAN) is a new feature of the Rel-6 3GPP system that complements the traditional GSM/GPRS/UTRAN radio coverage. GAN is actually an extension of GSM/GPRS (GERAN) mobile services which is achieved by tunnelling Non Access Stratum (NAS) protocols between the dual-radio MS and the core-network over an IP network. GAN is specified by 3GPP TS 43.318 [1] and 3GPP 44.318 [2].
One of the main principles of GAN is the requirement that for an MS that implements GAN there should not be any change from the PLMN selection procedures specified by CT1, i.e., in the NAS layers in the MS, with the exception of disabling of the background scan/Higher PLMN search procedure when in GAN mode.
However, that is not always true as outlined in the following sections of this contribution. All the main principles of 3GPP TS 23.122 [3] are unfortunately not fully covered by GAN, and therefore mandatory PLMN Selection principles are, currently, not followed by GAN.
2
Generic Access to the A/Gb interface (GAN) background
The Generic Access to the A/Gb interface (GAN) allows users using a wireless LAN (WiFi, Bluetooth) to access to GERAN mobile services by tunnelling NAS protocols between the MS and the core-network over an IP network. The network node that enables GAN access and connects the MS to the MSC and SGSN is the GAN Controller (GANC).
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 Figure 1: GANC functional architecture, 3GPP TS 43.318 [1].
A mobile terminal accessing a PLMN via GAN is called MS operating in GAN mode. Therefore, a GAN-capable MS can be configured to either operate in GERAN/UTRAN mode or GAN mode at any given time. 
Per 3GPP TS 43.318 [1], when the MS is switched-on, it always starts in GERAN/UTRAN mode and after that it is allowed to switch into GAN mode (after it has performed a successful GAN registration to a GANC) based on mode selection preference determined by user preferences or operator configuration (here forth ‘MS mode selection preferences’).
On power up, the MS always starts in GERAN/UTRAN mode and executes the normal power-up sequence as specified in 3GPP TS 23.122 [4]. Following this, the MS may switch into GAN mode based on mode selection preference determined by user preferences or operator configuration.

As one can see, it is not crystal clear what the normal power-up sequence as per 3GPP TS 23.122 [3] actually means, but this discussion paper assumes that the MS attempts to read GERAN/UTRAN system info. This would allow the MS to provide its GERAN/UTRAN location (cell identity) when attempting to register in GAN mode.

In addition, for all MS mode selection preferences but ‘GAN only’ (see below), the MS performs the (G)MM registration procedures, before the GAN mode is entered.
The MS mode selection preferences to allow terminal implementations to switch into GAN mode are:
· ‘GERAN/UTRAN-preferred’; The MS switches into GAN mode only when it cannot find a suitable cell in GERAN/UTRAN and successful registration to a GANC occurs. The MS returns to GERAN/UTRAN as soon as a suitable cell in GERAN/UTRAN is found or it is deregistered from a GANC or loses connectivity to the GANC.
· GAN-preferred; The MS stays in GAN mode as long as GAN access is available and it has successfully registered with a GANC. When the MS deregisters, or otherwise loses GAN connectivity, the MS switches to GERAN/UTRAN.

· GAN-only; The MS never attempts (G)MM procedures on GERAN/UTRAN and switches to GAN mode after initial power up sequence. 3GPP TS 43.318 [1] quote:
The MS switches to GAN mode (after initial power up sequence in GERAN/UTRAN mode to obtain cellular network information, but excluding (G)MM procedures with GERAN core network) and does not switch to GERAN/UTRAN mode. During the initial power up sequence in GERAN/UTRAN mode the MS shall ignore paging message received through GERAN/UTRAN network.

The high-level principles of PLMN selection for a GAN-capable MS are currently defined in the 3GPP TS 43.318 [1] and 44.318 [2] (stage 2 and 3 on GAN respectively).

In order to establish PLMN connectivity over GAN a GAN-capable MS performs GAN registration procedure. During this procedure the MS may have a choice among two or more GANC-PLMN pairs and therefore in this case a GANC selection (i.e., PLMN selection through its corresponding GANC) takes place in the GAN stack of the MS architecture. In GERAN/UTRAN mode the PLMN selection takes places in NAS layer. Figure 2 illustrates the location of the PLMN selection and GANC selection functions in the MS architecture for control signalling.
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Figure 2: The MS architecture for control signalling
Per 3GPP TS 43.318 [1] and 44.318 [2], the GANC selection procedure (resulting in an implicit selection of PLMN) and the PLMN selection procedure (located in the NAS layer) do not select PLMNs for registration according to the same criteria. Also, a GAN registration without need of GANC selection results in an implicit selection of PLMN for registration (RPLMN), where the actual selection of PLMN is out of control of NAS. Hence, it is indeed possible that two different PLMNs may exist; one in the GERAN/UTRAN stack and the other one in the GAN stack, though only one is registered (RPLMN).
3
Discussion

GAN is not under CT1 control, but CT1 holds full stage 2 responsibility of the PLMN Selection which is specified in 3GPP TS 23.122 [3]. Even more, it is important to note that the stage 2 specification on GAN (i.e., 3GPP TS 43.318 [1]) states the fact that for an MS operating in GAN mode there should not be any change from the PLMN selection procedures (3GPP TS 23.122 [3]) with only one exception:
There shall be no change from the PLMN selection procedures in the NAS layers (MM and above) in the MS, with the exception that in GAN mode the “in VPLMN background scan” shall be disabled.

The above principle should be followed, so requirements on PLMN selection from SA1 and CT1 are also valid for the GAN case.

However, this is not always true and GAN specifications do not cover all the PLMN selection cases as mandated by 3GPP TS 23.122 [3]. For example:

· When the MS is in GAN-mode, isn’t it preferable for the GERAN/UTRAN side of the MS to attempt to find coverage from the same PLMN as to which the GANC is connected and the user is registered -Registered PLMN (RPLMN)-?

· The handling of the mandatory manual PLMN selection is not specified in its entirety. Even, the specified behaviour is not totally compliant to SA1 and CT1 requirements.

· The case of NAS-layer reject cause values when in GAN is not aligned with mandatory requirements stated by 3GPP TS 24.008 [4].

· Is there a need to further specify the actions in the MS when a registration attempt in GAN is rejected with the GAN-level Register Reject (or Deregister) cause value ‘Location not allowed’, in order to minimize the GAN service outage?
· Should the selection among multiple PLMNs received from the GANC be performed to the normal rules, i.e., as defined by 3GPP TS 23.122 [3]?

The following sections describe in detail these issues/questions taking into account GAN specifications and PLMN selection requirements specified by CT1. The proposal is to follow the existing and well-established requirements in 3GPP TS 23.122 [3] and 3GPP TS 24.008 [4].
3.1
Find GERAN/UTRAN coverage based on the PLMN used in GAN mode
When the MS is in GAN mode, it has to measure GERAN/UTRAN cells and report these to the GANC once there is need to perform CS or PS handover from GAN to GERAN/UTRAN.
However, during a registration to a particular GANC, it is possible that the PLMN to which the GANC is connected to is different than the PLMN, currently, selected by PLMN selection in GERAN/UTRAN. The MS will then register on the PLMN to which the GANC is connected after the successful GANC selection and registration.
Following the principles stated in 3GPP TS 23.122 [3], only a single PLMN should be used in the MS regardless of the access system. Furthermore, RPLMN or Equivalent PLMN should be used when possible. Therefore, it seems preferable for the GERAN/UTRAN side in the MS to make an attempt to also find coverage from the same PLMN (or Equivalent PLMN) as in GAN in order to make subsequent successful handover possible and allow PLMN continuity regardless of access. An addition to 3GPP TS 23.122 [3] because of GAN may be needed.
3.2
PLMN selection; Manual mode 

3.2.1
PLMN selected in GERAN/UTRAN

It is totally unspecified what to do when a PLMN has been manually selected by the end-user (manual PLMN search mode) in GERAN/UTRAN, an out of coverage situation takes place and the MS switches into GAN mode where coverage exists. Therefore, the PLMN selection principles when in manual mode in GAN are not complete, though both SA1 and CT1 have clear requirements on it.
One of the principles of 3GPP TS 23.122 [2] when in manual PLMN search is the fact that if the end-user has manually selected a PLMN to register on, then the MS is not allowed to automatically attempt to register on any other PLMN, even if service is lost from the RPLMN, i.e., PLMN selected in manual mode.
The same principles as stated by 3GPP TS 23.122 [3] should be followed when in GAN mode. This means that the information about the RPLMN and the use of manual PLMN search mode by end-user is propagated when in GAN mode, to the GAN stack in the MS and vice versa (see figure 2). Also, the MS should follow the actions stated in 3GPP TS 23.122 [3] for manual mode. For example, if the GAN stack is registered to any other PLMN than the one selected by the end-user (selected PLMN), then the MS, per section 4.4.3.1.2
‘Manual Network Selection Mode Procedure’, should get a list of PLMNs (in this case via GAN) and display it to the end-user for selection.
3.2.2
Redirection when in manual mode
In GAN, it is possible to perform at any time a redirection process by which a Default or Serving GANC redirects an MS to an alternative Serving GANC. The alternative GANC can be connected to a single PLMN only.
It is not specified by GAN specifications how to proceed when the MS receives a redirect from the GANC when the MS is manual mode. According to GAN specifications the redirect might only indicate a GANC identity and then the associated PLMN is unknown to the MS until registering with the new GANC. This is not acceptable, since it is in contradiction with the PLMN selection requirements when in manual mode (3GPP TS 23.122 [3]).
According to 3GPP TS 23.122 [3], in GAN it should not be allowed for the MS to change PLMN to any other than the one selected by the end-user.

3.3
Handling of NAS-layer reject cause value
CT1 has clear requirements on PLMN selection when some NAS-layer reject cause value are sent by the MSC/SGSN to the MS. For example, on receipt of cause #11 ‘PLMN not allowed’ or #13’Roaming not allowed in this LA’, the MS has to try to change PLMN. However, the MS actions when in GAN mode are not specified, so, for example, GAN does not provide means to change PLMN when reject cause value #11 or #13 are received from the MSC or SGSN after successful registration in the GANC.

All this implies that the mandatory requirements of 3GPP TS 24.008 [4] are not fulfilled in GAN mode.

3GPP TS 24.008 [4] should be fulfilled, so in case of for example, #11 and #13, the MS should be allowed to request a PLMNs list from the GANC in order to attempt to change PLMN and therefore, on receipt of the PLMNs list the normal PLMN selection procedure applies (3GPP TS 23.122 [3]).

3.4
Handling of GAN-layer reject/deregister cause value ‘Location not allowed’
In GAN, the MS when attempting GANC registration indicates the GERAN/UTRAN location (cell id). Therefore, it is possible for the GANC to reject the MS attempt of GANC registration with a cause value called ‘Location not allowed’. Note that the location not allowed refers to the one in GERAN/UTRAN. However, the MS is not supposed to take any further actions until the GERAN/UTRAN location is changed (cell identity as reported by the MS as part of the registration attempt to the GANC).

This means that the MS is, in the meantime, out of service in GAN (but having coverage and most likely having the possibility of service via GERAN/UTRAN) and this is most likely not acceptable by the end-user experience expectation. As an example,  when arriving with an international flight at an airport in a foreign country, then in automatic PLMN search mode, the MS will (after failing to find last registered PLMN) gather a list of available PLMNs in this area and try to register according to the rules in 3GPP TS 23.122 [3]. The problem with ‘Location not allowed’ as described above might then, depending on the selected PLMN (or LAI or MCC part of the PLMN), occur or not occur when trying to register in the GANC. In this case, it could be hence a matter of chance if GAN service is obtained and this is of course not acceptable.

It is proposed that the GERAN/UTRAN side in the MS tries to obtain service from another PLMN, if that is successful the GAN stack could try to register in the GANC again. 

3.5
Selection of PLMN in the received (GAN) PLMN list

The handling of this (GAN) PLMN list is currently defined in the  GANC selection procedure in 3GPP TS 43.318[1] and 44.318 [2] and it is possible to receive a list of (GAN) PLMNs from the GANC (of the HPLMN), but it is not specified how to sort the received PLMN list and select among the PLMNs. 
The case of receipt of (GAN) PLMN list should follow 3GPP TS 23.122 [3] principles, in which depending on whether automatic or manual mode is used, a different PLMN selection algorithm is used and the PLMNs list can be filtered according to the contents of the forbidden lists (e.g., "forbidden PLMNs", "forbidden LAs for roaming"). Hence, it is preferable that it is specified that the GANC selection procedure on receipt of the (GAN) PLMN list is performed according to principles stated in 3GPP TS 23.122 [3].
However, note that one of the principles, currently, specified for GERAN/UTRAN in 3GPP TS 23.122 [3] is not applicable for GAN. The case of ‘signal quality’ does not apply, since all PLMNs in GAN have the same signal quality. This may require a note or text in 3GPP TS 23.122 [2]. It is proposed to specify some principle when in GAN mode like, for example, 'random order' or 'priority order'. 

4
Proposal

This discussion paper brings to CT1 light the fact that the PLMN Selection principles described by specifications under CT1 control (3GPP TS 23.122 [3] and 24.008 [4]) are not in all cases followed in GAN.
A number of issues have been described and a close analysis reveals that the PLMN selection when in GAN mode and when attempting to enter GAN mode while still in GERAN/UTRAN mode are not totally aligned with the PLMN selection principles long established by CT1. This results in undesirable effects since the end-user experience of GAN is affected as well as CT1 requirements are not fulfilled.
We believe that it is very important to follow the 3GPP well-established PLMN selection principles specified by 3GPP TS 23.122 [3] and 3GPP TS 24.008 [4] in order to avoid different GAN end-user experience because of manufacturer dependent behaviour or behaviour different than the one the end-user expects when in GERAN/UTRAN.

Finally, it is further proposed that CT1 liaise GERAN2 requiring fulfilling the CT1 specifications and requirements. MS Rel-6 implementations are already in the market and specifications are frozen up to Rel-7. However, CT1 well-established requirements should be part of GAN, at least, from Rel-8.
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