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1. Introduction

For the Generic Access to the A/Gb interface (GAN) and Interworking WLAN (I-WLAN) features the terminal, as specified by 3GPP TS 23.003 [1], is responsible of performing derivation of some needed identifiers/parameters in order to allow the end-user to get 3GPP service.
The derivation performed by the terminal relies on the knowledge of whether the International Mobile Subscriber Identity (IMSI) belongs to a network identified by 2 or 3-digit MNC (Mobile Network Code).
However, the terminal as currently specified by 3GPP specifications cannot always know whether 2 or 3-digit MNC is used and therefore the derivation of the necessary identifiers cannot always be correct. This results in undesirable effects since proper operation of the GAN and I-WLAN features is threaten.

2. Present situation and description of the problem
3GPP TS 23.003 [1] contains a number of identifiers/parameters that the WLAN UE or UE (terminal) has to derive from the IMSI, such as the home network realm for I-WLAN, the home network domain name for GAN, the provisioning GANC‑SEGW and the provisioning GANC identifier. 
The derivation procedure in order to construct the identifiers requires an IMSI analysis process of examining a subscriber's IMSI in order to know which network the IMSI belongs to. This is achieved by identifying the digits of the Mobile Country Code (MCC) and Mobile Network Code (MNC). 

The first three digits of the IMSI are always the MCC. However, the ITU-T E.212 recommendation [2] allows an MNC to be up to 3 digits long, but original GSM specifications restricted it to 2 digits.
Note that there are currently some countries or regions (i.e., MCC) with combination of 2-digit MNC(es) with 3-digit MNC(es).
In the past only the United States and a few other countries have used 3-digit MNCes. However, this situation has, at present, changed as many other countries have decided to use the 3-digit MNCes too. Furthermore, looking at the last version of the ITU-T E.212 recommendation [2] the trend seems to go for 3-digit MNC for new countries and networks.
The derivation algorithm specified for the I-WLAN and GAN identifiers relies on the fact that the terminal knows whether a 2 or 3-digit MNC is used, and the reference to 3GPP TS 31.102 seems to solve this, quoting the bullet 1 of the sub-clauses 14.2, 17.2.1 or 17.3.1:

1.
take the first 5 or 6 digits, depending on whether a 2 or 3-digit MNC is used (see 3GPP TS 31.102 [27]) and separate them into MCC and MNC; if the MNC is 2 digits then a zero shall be added at the beginning;

However, the reference to “3GPP TS 31.102” [4] only works for the USIM case, but not for the SIM case. Note that for both I-WLAN and GAN, the use of SIM is possible. Even more, it is important to bear in mind that during, at least, the initial phase of both features it is expected that SIM would have a large predominance over USIM.
In case of SIM, as specified by 3GPP, the terminal can only always know whether 2 or 3-digit MNC is used, applying the HPLMN matching criteria as described in 3GPP TS 23.122 [3]. Therefore, the network indicates in the broadcast channel the MCC and MNC codes and the terminal has to compare, first, that the MCC stored in the SIM matches the broadcast MCC (the terminal is under home country coverage). If so, the terminal then reads the third digit of the broadcast MNC. If the third digit is the hexadecimal value F, then 2 digits are used by the PLMN. Finally, the terminal compares using just the first 2 digits of the SIM-MNC or the three digits with the broadcast MNC. If the values match, then the HPLMN match succeeds, otherwise the HPLMN match fails. In this way, the terminal gets knowledge of whether 2 or 3-digit MNC is used in the IMSI.

In short, with a SIM, the terminal can only always know which digits of the IMSI belong to the MNC where it gets help from the network operator’s broadcast channel messages. Therefore, in the absence of the broadcast channel messages, the terminal does not necessarily know whether 2 or 3-digit MNC is used. This means that the IMSI is seen by the terminal without any visible MNC structure.
There are also some important aspects to consider, for example, the I-WLAN and GAN features allow improving indoor coverage where the end-user has not possibility of receiving service from HPLMN via 3GPP mobile systems. There are different roaming scenarios for these features and the case when HPLMN is not available is very possible for GAN and I-WLAN. This implies that in case of SIM the terminal would, in many cases, not be able of knowing whether 2 or 3-digit MNC is used.

In summary, all the above means that some end-users can experience non-availability of 3GPP PLMN service by means of using the I-WLAN and GAN features which also means loss of revenue from the operator's point of view.
A solution to the problem should be provided with the following characteristics:

· Stage 1 requirements of use of SIM for I-WLAN and GAN must be fully fulfilled. (Note that there are no specific stage 1 requirements for GAN but GERAN requirements apply for GAN too).

· Impacts on current procedures should be avoided or, if any, minimized. 
· Minimizing the impact on terminals and networks as well as fast time-to-market.

· The solution has to be completely future proof since new MCCes and MNCes will be added in the future.
· Proprietary solutions should be avoided for proper operation of the feature and need of future proof.
3. Solution based on table or list in the terminal
A possible solution would be to store a table or list in the terminal which will contain the necessary information to always be certain whether 2 or 3-digit MNC is used when performing IMSI analysis, for example, all countries and networks, indicated by MCC and MNC. Other table or list configurations are also possible such as storing only a table or list of countries where 3-digit MNC is used or a table or list that contains countries where 3 digit MNC or a combination of 2 and 3 digit MNCes are used.
It seems clear that the table or list has to be stored in the ME to cope with the SIM scenario since operation with old SIM must be supported because of GAN and I-WLAN requirements. However, the storage of information in the ME implies a possible problem of keeping it up-to-date, which is essential in this case to always allow registration to 3GPP network operators by means of the GAN or I-WLAN features.

It is important to bear in mind that the addition of new countries and networks still happens today, so new MCCes and MNCes will continue being introduced in the future so the list in the ITU-T E.212 recommendation [2] is continuously updated. This implies that the table or list in terminals has to be updated accordingly to be useful. 

However, it is unclear how the update of the table or list would be performed and standardized since the information contained in the table/list should, always, be up-to-date to provide proper derivation of identifiers. 
Additionally, it might be necessary that the network operator has full control of the information contained in all terminals with regard to MCC and MNC codes since it changes over time. Proprietary solution should not be used in order to avoid having different and unexpected terminal behaviour depending on implementation.  Therefore it is advised to provide a standardized table/list mechanism as well as corresponding update mechanism.

Finally, the update mechanism should avoid the problem associated to have a big “time gap distribution” between the moment in time a new MCC and MNC appears to be introduced in the table/list and when it is actually updated in all terminals in the world.
3.1 Advantages

· Provides a mechanism for the terminal to know whether 2 or 3-digit MNC is used.
3.2 Disadvantages

· It requires standardization work for the support of new table/list of MCC and/or MNC codes which would become mandatory for all terminals, when at present is unspecified. 
· No future proof and backwards compatible if the solution is not standardized.
· Additional functionality would be required in other nodes of the 3GPP system since in order to ensure proper operation the table or list in all terminals has to be always up-to-date. 
· Impacts design and implementation of terminal and network nodes. 

· The list may be very big and require high administrative cost for operators in order to ensure that all terminals have got always the latest version for proper I-WLAN and GAN operation.

· If new countries/regions or networks (MCCes, MNCes) are introduced in the future, updates are needed not only in the DNS server, but also in all terminals in the field.
· As extensive updates in the 3GPP systems might be required, this will most likely make this solution expensive and available only at a late point in time.
4. Solution based in using the 6 first digits of the IMSI
The possible solution is based on taking the first 6 digits of the IMSI. This solution implies that the ME always uses 3 digits like MNC when derivating the necessary I-WLAN or GAN identifiers, for the SIM case. If the MNC consists of only 2 digits, then the first digit of the Mobile Subscriber Identification Number (MSIN) is used too. 
In consequence, the ME does not need to always have knowledge of how many digits are used to indicate the MNC, which is impossible in some situations as explained previously. Therefore, the bit “zero” is not added when derivating the identifier for the SIM case.
Finally, the DNS server table has to be extended for MNCes indicated by 2 digits which should consider all possible combinations with 3 digits. 

For example if the IMSI is “234156969696969” and the MNC is actually 2 digits equal to “15”. Terminals may send “.mnc156.” that the DNS server should translate into the same IP address as the one assigned to “.mnc015.”. In addition to this, since the MSIN can start with any digit in the range from 0 to 9, all “.mnc15x.” in which “x” is in the range from 0 to 9 should give the same IP address.
4.1 Advantages

· The ME does not need to have knowledge of whether 2 or 3-digit MNC is used. Therefore, the algorithm is simplified for terminal implementations.
· GAN registration for all terminal implementations can always be achieved.
· Future proof and backwards compatible. Note also that the trend seems to be to allocate 3-digit MNC for new countries or networks.
· If new countries/regions or networks (MCCes, MNCes) are introduced in the future, updates are only needed in the DNS server.
· The solution seems to be the cheapest and quickest available to be implemented in terminals.
4.2 Disadvantages

· It requires standardization work in order to modify the derivation algorithm for terminals.
· Impacts design and implementation of terminal, i.e. ME.

· All combinations of 2 digits MNCes have to be stored in the DNS server, but once set there is not need of making further updates any longer. With the exception of introduction of new countries and networks.
5. Solution based on try-and-fail signalling
For the case of SIM and in situations when the terminal does not know whether 2 or 3-digit MNC is used, it attempts to generate the necessary identifiers/parameters guessing either 2 or 3-digit MNC is used. Therefore, the terminal (i.e., the ME) would have a fifty percent chance of success at the very first attempt.

If the DNS server cannot resolve the provided identifier/parameter generated by the terminal, it will return an appropriate indication to inform the terminal that this fact. For example, a specific cause value can be returned to the terminal. A possible cause value could be “dns_unresolved_hostname” (already existing). When the terminal is informed by the DNS server about this fact , then the terminal will generate a new identifier by using a different number of digits for the MNC and try again, i.e., if the first attempt was with 2-digit MNC, the second attempt would be with 3-digit MNC or vice versa.

All this means that at most two attempts would be necessary to achieve correct generation of identifiers/parameters, so the solution guarantees that the terminal will get a correct IP address from the DNS server.

5.1 Advantages

· The ME does not need to have knowledge of whether 2 or 3-digit MNC is used. 

· GAN registration for all terminal implementations can always be achieved with at most two attempts.

· Future proof and backwards compatible. 
· If new countries/regions or networks (MCCes, MNCes) are introduced in the future, updates are only needed in the DNS server.
· No updates necessary in the DNS server for the case of considering all combinations of 2-digit MNCes).
· The solution is cheap and quick to be implemented in terminals.
5.2 Disadvantages

· It requires standardization work in order to describe this solution. However, this does not require extensive updates.
· Impacts design and implementation of terminal, i.e. ME.

· If the ME does not succeed at the first attempt, it is forced to try once more which implies a short time delay as well as more signalling is generated.

6. Considerations for all solutions
For any possible solution a problem exists if there is a mixture of both 2 and 3-digit MNCes with identical first two MNC digits for a specific country/region (i.e., MCC). If this happens, even the HPLMN matching criteria seems to fail. Therefore, 3GPP TS 23.003 [1] already contains a recommendation and a hint to the problem indicating in the sub-clause 2.2 that:
A mixture of two and three digit MNC codes within a single MCC area is not recommended and is outside the scope of this specification.

However, this mixture already exists in some countries/regions, but fortunately for these countries/regions there are, currently, not two MNCes with identical two first digits.

7. Conclusion

This discussion paper shows that in certain situations it is impossible for the terminal to derive the I-WLAN and GAN identifiers according to descriptions in 3GPP TS 23.003 [1], and therefore not possible to perform discovery and registration. This is when a SIM is inserted, which does not support the indication of whether 2 or 3-digit MNC is used, and when no 3GPP cellular coverage is found at all or when HPLMN is not present.

The first step of the derivation algorithm for the terminal, which is described in 3GPP TS 23.003 [1] (e.g., bullet 1 of the sub-clause 14.2), does not take the SIM case into account in order to know whether a 2 or 3-digit MNC is used. Therefore, no standardized solution exists for this case. 

That may result in different proprietary solutions implemented in terminals by different mobile vendors, which is not desirable for both mobile vendors and mainly network operators. For instance, if proprietary solutions are implemented, the network operators will not be able to control whether the solutions are future proof for all terminal implementations and whether they reflect the latest status of MCCes and MNCes in the world and work in all scenarios. Therefore, it would not be possible to ensure proper operation of terminals not only in the present, but also in the future. 

In consequence it is advised to standardize the appropriate solution in 3GPP and three possible solutions have been described which aim at resolving the problem of whether 2 or 3-digt MNC is used.

Additionally, the benefits and drawbacks of the two possible solutions are highlighted. The principle of the proposed solution should be to re-use at maximum the current defined functionality as well as fulfil all requirements.  Furthermore, the solution should minimize impacts to terminal and network implementations to allow fast time-to-market. 

It is Ericsson opinion that the problem of whether 2 or 3-digit MNC is used should be solved from Rel-6 in order to make the I-WLAN and GAN features to work, since without any solution in certain situations incorrect identifiers will be generated. Finally, any chosen solution has to ensure that all terminal implementations show the same behaviour.
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