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1. Introduction

Network Sharing is supported to some extent already in R99 (equivalent PLMN), and some further support was added in Rel. 5 (selective handover, so called Shared Network Access Control function). Still, even in Rel-5, Network Sharing put some restrictions on the system in terms of network selection and rerouting in shared areas.

A Rel. 6 WI was therefore started to enable full-featured network sharing in a standardised way. The Service requirements for network sharing have been defined by SA1 in TR 22.951. The new requirements have been included in TS 22.011, TS 22.101, TS 22.115,  TS 22.129, and have been approved by SA. SA2 has started the architectural work on this topic, and the stage 2 work on the architectural impacts is collected in TR 23.851.

In the LS (R2-031594 / R2-031239 / S2-031590) SA2 asks clarification from RAN2 concerning the possibilities to extend broadcast system information to incorporate multiple PLMN identities to support REL-6 network sharing.

The purpose of this discussion paper is to help RAN2 answering the LS from SA2.

2. Discussion

2.1. Requirement for Network sharing

The SA1 TR introduces the following user requirement:

7
User Requirements

Network sharing is an agreement between network operators and is transparent to the user.

7.1
Network selection

When network sharing exists between different operators and a user roams into the shared network it should be possible for that user to register with a core network operator (among the network sharing partners) that either

- the user has a subscription with, or 

- the user’s home operator has a roaming agreement with,

even if the operator is not offering radio coverage. 

This requirement implies that it is possible to discriminate between core network operators connected to a shared radio access network. The selection of a core network operator among those connected to the shared radio access network can either be manual (i.e. performed by the user after receiving a list of available core network operators) or automatic (i.e. performed by the UE according to user and operator preferred settings). 
This requirement implies that Rel-6 UEs shall know what CN operators are available behind the shared RAN. 

2.2. Design Principles in SA2

The solution discussed and elaborated in SA2 to fulfil the service requirements with minimal impacts on the existing 3GPP system and specifications is based on the extension of the system information broadcast, to broadcast multiple PLMN-IDs. The different PLMN-IDs correspond to the different shared network operators and their CN’s. The multiple PLMN-IDs will be broadcast optionally (i.e. in networks where network sharing is implemented) in addition to the PLMN-ID already broadcast in the pre Rel-6 MIB (we will here refer to this already existing PLMN-ID as the common PLMN-ID).

Pre Rel-6 UE’s will ignore the broadcast extension, and only read the common PLMN-ID.

When multiple PLMN-IDs are broadcast, Rel-6 UE’s will ignore the common PLMN-ID, and regard only the multiple PLMN-IDs as available for PLMN selection.

In non-shared networks, i.e. when no multiple PLMN-IDs are broadcast, the Rel-6 UEs will behave as pre Rel.-6 UEs.

When attaching to a network through a RAN broadcasting multiple PLMN-IDs, Rel.6 UEs will indicate to the RAN, which of the multiple PLMN-IDs that has been selected.

The solution is further detailed in the LS (R2-031594 / R2-031239 / S2-031590), where SA2 ask RAN2 if the broadcast of multiple PLMN-IDs is feasible from a RAN2 perspective. Below we will investigate the feasibility of the proposed extension of the system information broadcast, and propose an adequate response to the question from SA2.

2.3. Broadcast of multiple PLMN-IDs

The UTRAN system information broadcast has been made in a flexible and extendable way. New IEs, and even new SIBs can be added, which will be ignored by terminals of earlier releases. Furthermore the scheduling of the SIBs is configurable. It is therefore clearly technically feasible to add broadcast of multiple PLMN-IDs.

Since the multiple PLMN-IDs would be used in the PLMN search, they would have either to be added to the MIB, or to a SIB scheduled as often as the MIB (every 8th frame, i.e. every 4th transport block)

A System information message, fitting a 20ms BCH transport block, carries a maximum of 226 bits of SIB data (a bit less when segmented). Assuming the PLMN-ID is coded with 20 bits, and that it is retransmitted every 8th frame, i.e. every 4th transport block, it will require 2.2% of the broadcast channel capacity.

When the country code (MCC) is the same for all or several of the PLMN-IDs being broadcast a simple coding scheme could reduce the amount of data to broadcast considerably; Make the presence of the country code part of a PLMN-ID optional, and mandate the UE to use the country code from the previous PLMN-ID when the country code part of a PLMN-ID is not present. Note that according to SA1 network sharing over country borders should be supported when needed, so the MNC can not be removed completely.


For operators not implementing shared network, no multiple PLMN-IDs will be broadcast. One single bit is needed in the MIB stating whether multiple PLMN’s are available or not (from Rel. 6 onwards), and the system impact is negligible.

For network sharing operators the effect of introducing multiple PLMN-IDs in the system information broadcast will be that other information will have to be scheduled to be transmitted less often, and thus slow down the acquisition and updating of this information. In fact, if the multiple PLMN broadcast require X% of the BCH capacity the average repetition rate for other SIB and MIB data will have to decrease by approximately X%. Obviously, the repetition rate for the MIB (for which scheduling is hard coded) and some SIBs with time critical information will not be changed at all, while the repetition rate for some other less time critical SIBs will be increased by more than X%. Again this only applies to operators that have chosen to share their networks.

Clearly it is feasible to broadcast a limited number  of multiple PLMN-IDs. SA1 has indicated (S1-030859) that the 3GPP system should be capable of supporting the order of 10 (5-15) sharing partners, i.e. 5-15 multiple PLMNs. According to the calculation above, 5 PLMN-IDs (MCC+MNC) would require approximately 11% of the available broadcast capacity, or approximately 6% if the coding scheme  proposed  (just MNC) is applicable.  This would clearly be feasible, noting that the network sharing operator will always make the final judgement. The feasibility to allow for a larger number of  network sharing partners will need a more detailed study by RAN2, however. 
2.4. Indication to RAN of selected PLMN

The indication to RAN of which of the multiple PLMN-IDs that have been selected can be made by introducing an optional PLMN-ID IE in the Initial direct transfer message. The IE shall be included when the first attach (IMSI attach or GPRS attach) is made to the network. In subsequent initial direct transfer messages, it is not needed since the routing (and PLMN) may be deduced from the Intra Domain NAS Node Selector IE.

2.5. Terminal complexity considerations

In terms of terminal processing power the changes required are arguably negligible. Still, all changes however small to terminal implementations come with a development cost. In this case we find these costs to be well motivated by the possibilities given by network sharing.

2.6. LA/RA boundaries

In the LS (R2-031594 / R2-031239 / S2-031590), SA2 also ask RAN if it is possible to have different LA/RA boundaries for the PLMN operators in a Shared RAN, or if the LA/RA boundaries must coincide. Since the LS was written SA2 has however made the assumption that the LA/RA boundaries should coincide. The question from SA2 is thus no longer relevant.

3. Proposal

RAN2 to write an LS to SA2 stating

· that the principles proposed by SA2 in the LS (R2-031594 / R2-031239 / S2-031590) are feasible from a RAN2 perspective,

· RAN2 believes that it will be possible to support the broadcast of at least 5 multiple PLMN-IDs. To decide on the appropriate maximum number will require further studies by RAN2.
