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1.0
Introduction

To date, the focus in discussions on Network Sharing has primarily been on high-level scenario descriptions and discussions on parameters to be broadcast over the shared RAN. One very crucial aspect that needs to be discussed in detail is the aspect of how mobiles perform PLMN selection in shared networks and how information regarding the sharing core network partners is provided to the mobile. It is vital that little if any change is made to the actual PLMN selection rules currently in force in R99 – Rel-5. Equally important is that MM and GMM procedures are not impacted, since this would otherwise complicate mobile behavior and also potentially result in network impacts in terms of radio planning and such. It would be beneficial for the operators sharing the network to maintain control over their individual network configuration. In addition means of directing mobile non-access stratum messages to the appropriate core network need to be provided without unduly complicating mobile or network implementation.

In their reply to SA2, GERAN emphasized the current limitation in system information messages for the purpose of providing information on the PLMNs sharing the RAN. It was pointed out that current limitations would imply that operators would be hard pressed to provide information even on two PLMNs to the mobile through broadcast information. SA1 in their reply informed the various groups that provision needs to be made to accommodate around 10 (5 - 15) operators sharing the RAN. 

This contribution addresses various issues that have not been discussed in much detail so far..

2.0
Broadcast Information

In order to ensure that all sharing operators are treated equitably, and also to specifically deal with legacy (pre-Rel-6) mobiles, the broadcast information would need to associate the shared network with a pseudo- PLMN identity. This is also necessary in order to deal with forbidden PLMN list in the mobile, wherein for e.g., a mobile may have one of the sharing network operators as a forbidden PLMN. The pseudo-PLMN points to no particular core network operator thus ensuring that network selection and/or allocation is as equitable as desired by the sharing partners. In addition, broadcasting a PLMN identity (and in this case a pseudo-PLMN identity) ensures that legacy mobiles can register on the shared RAN network. 

In case of UMTS, it is believed that the current system information messages would have sufficient space to accommodate information providing identification of the sharing network operators. The Master Information Block is expected to accommodate this information. In this case, the MIB would contain a pseudo-PLMN identity identifying the shared RAN network as a whole, and in addition would contain a list identifying all the sharing network operators in a non-critical extension part of the message.

In GERAN, space limitations in system information messages imply that detailed network operator identification cannot be provided through system information. One alternate approach that has already been discussed in GERAN is to provide identification of the core network operators in a separate system information message broadcast at a much lower repetition rate. However, this was seen as not desirable due to the delay in PLMN selection that it will cause. One alternate approach would be for the system information to provide information about how many operators are sharing the network – each sharing network operator would in this case be associated with a numerical value during the initial selection process. The current system information message would point to a pseudo-PLMN as described above with a non-critical extension indicating the number of core network operators sharing the network. Following the selection process, the mobile is provided the identity of the core network, it is connected to, in the LOCATION UPDATING ACCEPT message.

3.0
PLMN selection

TS 22.011 defines a PLMN as a network established and operated by an Administration or RPOA for the specific purpose of providing land mobile communication services to the public. More particularly, a PLMN is identified by the MCC + MNC code assigned to it. In current specifications the PLMN-id has two primary purposes – identifying the core network to the mobile using the broadcast channel of the radio network, and for routing/identification purposes within the network. The latter is accomplished through the use of MCC+MNC in the Location area identity (= PLMNid + LAC) for e.g., thereby identifying the last core network the mobile registered on and so on. The PLMN selection principles have been arrived at and have been very stable following significantly lengthy discussions in the past. Therefore it is of utmost importance that changes, if any due to network sharing, to current PLMN selection procedures are minimized. Simultaneously, impacts to MM and GMM procedures also need to be minimized in order to minimize complexity in mobile implementation and network radio planning.

The current PLMN selection rules are specified in TS 23.122 based on requirements in TS 22.011. On power up, the mobile first searches for the last registered PLMN (RPLMN) and if found, attempts to register on the RPLMN. If not found, PLMN selection follows as below, depending on whether the mobile is performing automatic or manual mode of selection:

Automatic Network Selection Mode Procedure (excerpt from TS 23.122)

The MS selects and attempts registration on other PLMNs, if available and allowable, in the following order:

i)
HPLMN (if not previously selected);

ii)
 each PLMN in the "User Controlled PLMN Selector with Access Technology" data field in the SIM (in priority order);

iii)
each PLMN in the "Operator Controlled PLMN Selector with Access Technology" data field in the SIM (in priority order);

iv)
other PLMN/access technology combinations with received high quality signal in random order;

v) other PLMN/access technology combinations in order of decreasing signal quality.
Manual Network Selection Mode Procedure (excerpt from TS 23.122)

The MS indicates whether there are any PLMNs, which are available using all supported access technologies. This includes PLMNs in the "forbidden PLMNs" list and PLMNs which only offer services not supported by the MS. An MS which supports GSM COMPACT shall also indicate GSM COMPACT PLMNs (which use PBCCH).

If displayed, PLMNs meeting the criteria above are presented in the following order:

i)-
HPLMN;

ii)-
PLMNs contained in the " User Controlled PLMN Selector with Access Technology " data field in the SIM (in priority order);

iii)- PLMNs contained in the "Operator Controlled PLMN Selector with Access Technology" data field in the SIM (in priority order);

iv)- other PLMN/access technology combinations with received high quality signal in random order;

v)-
other PLMN/access technology combinations in order of decreasing signal quality.
Various additional requirements in both of the above cases apply that provide other details on the precise procedures to be followed by the mobile.


3.1
Issues to be considered for PLMN selection

The selection of the PLMN in reality corresponds to the selection of the core network. This principle also applies in the case of shared networks – the mobile selects which of the sharing core networks it wishes to connect to. In the case where the mobile is aware of the identities of the sharing networks, PLMN selection proceeds in the normal fashion based on the rules in TS 23.122. The mobile selects the HPLMN or a PLMN in it’s preferred list in priority order per the rules in TS 23.122. In case of manual selection, the list of available PLMNs is presented to the user in the priority order as well.

In the case where the mobile is not aware of the detailed identities of the sharing networks, the mobile considers either only the pseudo-PLMN in the selection procedure or in the case where, in GERAN the number of sharing networks is indicated, the mobile can associate each of the sharing core networks with a numerical value up to the maximum value equal to that indicated in system information.

A few other details also need to be considered in the following cases:

· manual selection mode

· network selection in case of high quality network

3.1.1
Manual vs. Auto Mode selection

Currently the network is not aware of which mode the mobile uses to perform PLMN selection – automatic or manual. This is appropriate since only one core network (identified by the PLMN id = MCC + MNC) is connected to the radio network and therefore it is irrelevant as to how the mobile/user decided to attempt to register on the network. When performing manual mode selection the user expects to be directed towards the chosen core network. In order for the sharing partners to enable distribution of roamers among the sharing networks in whatever predefined manner agreed, on as stated in the SA WG1 requirements document (TR 22.951), it is important for the network entity that performs the allocation to be aware of the mode of selection. This would ensure that a mobile performing manual selection is not allocated any other core network operator than the one chosen by the user.

In addition, in the manual mode case, the list of sharing networks will need to be randomly presented to the user in order to avoid favoring any one operator over the other.

3.1.2
Selection of High Quality Network

In the auto mode case, where random selection from amongst high quality networks is to be performed a number of options present themselves depending on the particular scenario.

Case 1: The shared network is the only network seen at high quality. All the core networks sharing the radio are also therefore seen at high quality. There are either no other networks available or are not at high quality. In this case, the mobile performs a random selection as to which of the sharing core networks it wishes to register on. It is also possible that in order to permit the sharing operators to control the allocation of core networks, the mobile indicates to the network that the network can modify the selection. The mobile may choose to simply attempt to register on the pseudo-PLMN with the network performing the task of core network allocation.

Case 2: The shared network and at least one other conventional network are both seen at high quality. In this case there are two possibilities. 

#1. The pseudo-PLMN and the conventional core network (i.e. two networks identities) are inputs to the random selection with the result that each has equal opportunity at being chosen by the mobile. If the result of the random selection ends in the pseudo-PLMN being chosen, the mobile has three options:

i. It may either simply register on the pseudo-PLMN and indicate to the network that it does not care which network it is allocated to, or

ii. It can select a PLMN from among the sharing networks and indicate to the network that it should be assigned the selected PLMN, or

iii. It can select a PLMN from amongst the sharing networks and indicate to the network that the network may override the selection (potentially based on agreements among the sharing core network operators).

#2. The mobile treats all the sharing core networks and the conventional PLMN as inputs to the random selection process, with the result that the probability that one of the sharing core networks is chosen for registration by the mobile is higher than in #1 above.

In the case of GERAN, when the system information provides information regarding the number of sharing core networks, the mobile may, in the random network selection process bias the shared network proportional to the number of core networks indicated, i.e. the probability that the shared network is chosen is proportional to the number of sharing partners. This would be identical to the case where the mobile is aware of all the sharing core network identities, and all the sharing networks are input to the random selection process along with any other conventional network of high quality.

4.0
Signalling and Routing of messages

The first message from the mobile that needs to be routed towards a particular core network establishes the signalling connection towards that core network. In R99-Rel-5 this routing is limited towards identifying whether the mobile wishes to connect to either the CS or PS domain. In order to provide means for the mobile to indicate to the routing function in the network the core network identity it wishes to connect to, the initial L3 message can be extended to include, along with the domain identity, the identity of the core network it wishes to connect to. As explained above, in some cases the mobile may also need to indicate whether the identified core network may be substituted by the network and the mobile registration re-directed to connect to another core network chosen by the network based on considerations such as agreements among the sharing core network operators. The initial L3 message can be extended further to provide this indication to the network.

Other options for the location updating procedure are for the mobile to attempt to register on the pseudo-PLMN using the extended LOCATING UPDATING REQUEST message. The network can send a LOCATION UPDATING REJECT message including the list of sharing core networks. The mobile then performs PLMN selection based on the received list in the normal fashion. The network may also first attempt to direct the LOCATION UPDATING REQUEST to one of the sharing core networks prior to sending the registration reject message. If the core network selected by the network accepts the registration attempt, the response LOCATION UPDATING ACCEPT message includes the PLMN identity of the core network registered on. If the network rejects the attempt, it provides the list of sharing core network partners to the mobile in the LOCATION UPDATING REJECT message.

Routing of subsequent uplink non-access stratum messages from the mobile towards the core network can be achieved by inclusion of the PLMN identity in the direct transfer messages in addition to the identity of the core network domain (CS/PS).

5.0
Core Network Configuration 

In discussions to date it has been assumed that the independent core network operators need to co-ordinate the radio planning to ensure identical LA/RA boundaries. The limitation primarily stems from the single broadcast source for a shared network providing LA/RA information to the mobile. However, it should be possible for different core network operators to have different LA/RA boundaries for their respective networks while utilizing the common broadcast information. This is accomplished by providing the mobile information as to the relationship between the LA/RA boundaries of the core network and the common broadcast information in the LOCATION UPDATING ACCEPT/LOCATION UPDATING REJECT messages. Thus the mobile can be signalled to treat a set of broadcast LA/RA boundaries as one LA area while registered on the core network transmitting the LOCATION UPDATING ACCEPT. Different core network operators can transmit different relationship information to the mobiles thereby being able to define the “real” LA/RA boundaries for their respective network independent of the other sharing partners. The mobile receives the broadcast information of the common shared network, and uses the relationship information in the LOCATION UPDATING ACCEPT message to determine when to perform subsequent LOCATION UPDATE while connected to the core network for which the relationship is valid. 



6.0 Summary

This contribution provides various issues that need to be considered, along with potential solutions when dealing with network sharing. Some issues such as providing information on the identities of the sharing core networks are unique to GERAN. Solutions have been suggested to resolve these issues and may be applied in the case of UMTS as well. Some details regarding PLMN selection procedures in the mobile in case of network sharing have been discussed. Additionally proposals have been presented on how the individual core network operators can maintain control over their individual radio planning (LA/RA boundaries for e.g.) while continuing to share the radio network. Mechanisms for routing of initial and subsequent non-access stratum messages have been suggested. 

To summarize the various proposals that have been suggested in this contribution are as follows:

1. Pseudo-PLMN identity is broadcast over the shared network to address legacy mobiles and forbidden PLMN list. In systems with sufficient system information space, list of identities of the sharing core networks is also broadcast.

2. Provide an indication in case of limited system information space, f the number of sharing core network partners. Mobile associates sharing core network with a numerical identity and performs PLMN selection.

3. Mobile attempts to register on the pseudo-PLMN and receives a list of sharing partners in response message following which mobile performs PLMN selection in normal fashion.

4. Mobile provides indication when manual mode of PLMN selection is performed. In various cases mobile can also provide indication to the network that network may override mobile PLMN selection.

5. PLMN selection in case of high quality networks needs to be specified taking into account various possibilities listed.

6. Initial L3 message and subsequent uplink non-access stratum messages are extended with the PLMN identity the message is destined for to enable routing in the network.

7. Mechanisms through core network signalling (LOCATION UPDATING ACCEPT) are proposed in order for sharing core networks to maintain independent control of radio planning in a shared radio network.

The principle aim of the proposals in this contribution is to re-use the existing rules of PLMN selection while retaining the principles behind the current MM/GMM functionality, thereby minimizing the impact to mobile implementation. 
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