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On handover into shared GERAN for network sharing supporting MS
1 Introduction

There is a need for the core network to distinguish network sharing supporting and network sharing non supporting MSs as the registration accept message (LAU or RAU ACCEPT) shall include either the selected (sharing supporting MS) or common PLMN in the other case.
2 Background

In certain handover scenarios there is a requirement for the MS to perform registration (prior to the MS returning to Idle mode) when the LA/RA has changed. In the case where the handover is conducted by a network sharing supporting MS into a network sharing supporting GERAN and a registration (i.e. a RAU or LAU) is needed, there is a need for the core network node to decide whether, in the registration accept message, to include the common or the selected PLMN.

This paper outlines a handover centric solution that enables the BSC to supply the core network node in question with the information (i.e. the selected PLMN) that enables this core network node to determine whether or not the MS is a supporting MS and thereby make the correct decision regarding information it includes in the registration accept. In chapter 6 an MS capability centric solution is also briefly analyzed.
3 Handover Centric Solution proposal – generic description
It is assumed that following the current stage specification in the 3GPP TS 23.251 it is the source RAN’s responsibility to select the target PLMN when handover is performed.

The following description is generic for the CS and the PS handover procedure. Differences are highlighted where applicable.

It is proposed that the source BSC shall insert the selected PLMN in the target cell identifier in the handover required message.

Based on the selected PLMN received in the target cell identifier in the handover request message, the target BSC shall add the corresponding Index value (i.e. reflecting the position of the selected PLMN within the system information in the target cell) into a new information element/field in the relevant target to source container, e.g. “L3 Information IE”.
The Index value will thus be a new optional part of the handover command message received by the MS and thus ignored by a “network sharing non supporting” MS  whereas a “network sharing supporting” MS shall store the Index and use ut as described below.

When the handover is successfully completed, the Index will be “looped back” to the BSC in the appropriate messages, i.e. dependent on the type of the handover case.

The Index value serves the same purpose in the BSC as when it is received when registration and PLMN selection is performed by the MS in the non-handover case (i.e. as a result of reading system information in Idle mode and performing a registration based thereon). This means that the BSC will apply the very same functionality regardless of whether the registration message is received from the MS in connected mode immediately after handover completion or when a registration is triggered as a result of reading system information in Idle mode. 

The Index received by the target BSC in conjunction with a registration (performed after completion of the handover procedure) triggers it to inform the core network about the selected PLMN (see e.g. GP-121244 [1]) whereby the inclusion of this information (i.e. the selected PLMN) informs the core network that it is dealing with a network sharing supporting MS. The latter enables the core network to respond with the correct PLMN indication (common or selected PLMN) within a registration accept message.
4 Handover Centric Solution - CS handover scenario
In the case of the CS handover without support of DTM the any required registration is performed after the CS call is released. In other words, it is assumed that this will follow the existing procedures, i.e. a network sharing supporting MS, upon returning to Idle mode, selects a PLMN based on the acquired system information in the target cell.
In the case where DTM is supported the MS will be triggered to perform RAU when the RAC in the SI6 (sent on SACCH in the target cell after the CS handover completion) is different from the RAC the MS is currently registered to. If DTM is not supported then the RAU will be performed after the call is released and the MS returns to Idle mode. In either case (DTM supported or not) a LAU will only be performed after the call is released and the MS returns to Idle mode as per legacy functionality.
According to the proposal outlined in chapter 3 the MS shall indicate the Index received in the handover command message when performing RAU for the case where DTM is supported. If RAU is performed using GTTP then this can be achieved as proposed in GP-121295 [2]. Otherwise the RAU shall be performed in the PS domain using currently specified approach (i.e. by establishing an uplink TBF in connected mode thereby entering DTM to send the RAU).

5 Handover Centric Solution - PS handover scenario
In the case of a PS handover the MS shall return the Index previously received in the PS handover command message (sent in the source cell) within the header of the first first RLC data block (as per method described in 3GPP TS 44.060) transmitted to the network after the PS handover is successfully completed on the MS.

It shall be noted that this action is independent of the TLLI type and the actual contents of the RLC data block and shall simply be always executed by the RLC layer when the Index was received from the source side. Given that the target BSC sent the Index to the source BSC, it is aware and prepared to receive the Index from the MS after/at the PS handover completion. If the Index is provided by the MS, it shall be stored in the MS context in the BSC.

 The BSC will continue to use the Index value as appropriate, i.e. use it when a subsequent RAU REQ message is received. This means that the BSC will include the corresponding PLMN to the RAU REQ message in the case that this is received from the MS and forwarded the SGSN on the Gb interface (as per current assumption).

If NOM I (Gs interface and combined procedures supported) is supported in the target cell the registration message consists of a combined RAU/LAU. Otherwise, it sends a RAU on the assigned packet resource, releases the packet resource and then sends a LAU using a CS resource (e.g. on an SDCCH).
In the case that DTM is supported in the target cell, the MS will perform RAU through the PS and LAU through the CS domain in parallel. The RAU procedure will be performed as outlined above, i.e. the MS loops back the Index in the first RLC data block within the RLC header as per current specification (see 3GPP TS 44.060) and the BSC will forward the corresponding PLMN in a subsequently received RAU REQ message to the SGSN. The LAU procedure will be performed on SDCCH where the MS will insert the previously received Index into the Skip Indicator as per current specification. The BSC will the forward the corresponding PLMN in the Complete Layer 3 message to the MSC. 
Once again it is emphasized that the MS shall in all cases simply loop back the Index value and thus there is no new requirement to connect the GMM/MM knowledge of the need for RAU/LAU with the transmission of the Index value to the network.  
6 MS capability centric solution
As always there is a multiplicity of other options to deal with this problem. One option driven by GP- 121240 [3] is based on the assumption that a yet another new MS capability in the MS classmark must be introduced.

This solution has impacts on all interfaces and messages involved where this new capability needs to be transferred.

Furthermore it requires that the MS (obviously), core network nodes and the BSC are all updated to store and understand and use this capability.

It requires updates to the BSC as it requires that system information (SI 6) shall be updated where the selected PLMN is supposed to be sent. Hence this consequently means updates to the MS to allow for receiving this updated system information on the SACCH following a CS HO and also for the BSS to allow for including this in the system information (SI6 sent on the SACCH).
Furthermore, it means that it requires updates to the MS to accept reception of the selected PLMN not only in the registration accept message on NAS but now also on AS.
For the PS handover case it also means that there will be a need for new AS message to transfer the selected PLMN to the MS on the PACCH following completion of the PS handover Again, this would mean yet another impact on the BSC and the MS (not explained by GP-121240).
Again, as above, now the MS needs to be updated to receive the selected PLMN on NAS as well as on AS.
Finally, the MS capability centric solution is not backward compatible as it requires that the source BSC must understand when an MS is able to receive this information via SI6 in the CS handover case or in a new AS as apparently proposed for the PS handover case and therefore include this indication (in the Handover Required message) when triggering the handover procedure.

7 Conclusion

This contribution briefly outlines a handover centric solution for conveying PLMN index information to an MS allowing it to implicitly indicate to the core network whether or not it supports network sharing which is needed by the core network to decide what PLMN, common or selected, shall be provided to the MS (in the registration accept).

An MS capability centric solution has also been briefly analyzed and the impacts highlighted.
The comparison of both solutions clearly indicates that the handover centric solution is requires less implementation effort and should be adopted by the specifications.
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