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1. Introduction
CT1 has agreed the Rel-11 work item “Full Support of Multi-Operator Core Network by GERAN “ (C1-111979) at CT1#71 meeting where supporting MSs/UEs for GERAN network sharing are to be managed.  Network is to broadcast a list of the PLMN IDs of the different operators sharing the GERAN network and the MSs/UEs need to indicate the selected PLMN identity to the network.
C1-113046/S2-113810 informs CT1 that SA2 has agreed a CR to 23.251 for Rel-11 to introduce the FULL-MOCN-GERAN feature in stage 2 specifications. Additionally CT1 is asked to provide feedback on the indication of the chosen PLMN identity in CS/PS domain and handover scenario. 

This discussion paper analyzes the scenarios and suggests CT1 providing a reply LS based on CT1 conclusions.

2. Analysis

1). PLMN Identity Indication for the CS domain
Several alternatives have been considered on indicating selected PLMN for the CS domain: 

a). Indication via NAS layer

There is a suggestion that the MS shall indicate the selected PLMN id to the BSC in the initial layer 3 message. There are 3 possible ways to achieve this: 

Method 1). introduce new IE 
This is not a valid option for CS side due to LAU message size limitation.
According to 44.006, the parameter N201 is the maximum number of octets which are partially or entirely available for the information field of a frame. It depends on the type of channel and the format. Max number of octets for the information field (N201) for FACCH/SDCCH of frames of format A and B is 20. 

24.008 states:

9.2.15
Location updating request

This message is sent by the mobile station to the network either to request update of its location file (normal updating or periodic updating) or to request IMSI attach. See table 9.2.17/3GPP TS 24.008.

…

NOTE:
In A/Gb mode, the maximum number of octets that can be transferred is 20.
Excluding MS classmark 2 IE which is not sent in GERAN, existing length for LUR message is already reaching the maximum length of 20 octets, so there is no room to include the PLMN Identity in LUR message as a new IE. 
Method 2). introduce new bits in existing IEs and map PLMN Id to bit values (PLMN Id Index).  
Max 5 PLMNs for network sharing means at least 3 bits are needed.  Only two IEs have spare bits left:
· "additional update parameter" IE  
Only 2 bits left, so not do-able
· "Device Properties" IE  
there are enough bits left, however this usage won’t fit into the purpose of this IE, plus bits need to be saved for possible MTC related enhancement in the future. 
One alternative is to use the 4 bits in "Skip Indicator" for indicating PLMN Id index.  According to 24.008, the ‘Skip indicator’ IE is included in all MM/GMM signalling messages, a message received with skip indicator different from 0000 shall be ignored.:
10.3.1
Skip indicator

Bits 5 to 8 of the first octet of every Mobility Management message and GPRS MobilityManagement message contains the skip indicator. A message received with skip indicator different from 0000 shall be ignored. A message received with skip indicator encoded as 0000 shall not be ignored (unless it is ignored for other reasons). A protocol entity sending a Mobility Management message or a GPRS Mobility Management message shall encode the skip indicator as 0000.

So 3 bits could be used to carry a selected PLMN Id index, which can be extracted by BSC and mapped to a PLMN Identity based on the position of the PLMN in the list of PLMNs broadcasted in the System Information. The BSC will then indicate this chosen PLMN Identity to the MSC in the BSSMAP message. Receiving of this PLMN Identity will provide indication to the MSC for distinguishing supporting UEs. The MSC is also upgraded to not ignore the messages with Skip Indicator different from 0000. Note that this solution is backward compatible and has no impact to non-shared networks and pre-Rel-11 networks as a BSC which does not support the FULL-MOCN-GERAN feature will never broadcast a PLMNs list, therefore in such a case supporting UEs will never update the skip indicator.
NOTES:

- The PLMN index / PLMN Id mapping is know only by the BSS and the UE: it is the order of the PLMN in the list of PLMNs broadcasted in the system Information; the BSS extracts the PLMN index from the NAS message and uses it to send the selected PLMN Id to the CN on BSSMAP (and BSCGP for the PS domain) as AS parameter. The NAS message is left unchanged by the BSS.

- The CN shall not use the PLMN index (in the skip indicator) to derive the selected PLMN Id.  

Method 3). Using  existing "Mobile Identity" IE
Mobile identity IE is 2-9 octets, for sending IMSI, 9 octets are needed. Idea is to send dummy TMSI (4 octets) for the first message with a new service type. Then there will be enough octets for carrying PLMN identity. The network will see the dummy TMSI and initiate "Identity Request" procedure to request IMSI.
The BSC might have PLMN Identities arranged in different order (different set or order of PLMNs) for each BSC, this may result in  complex configuration for the BSC as index 1 might mean PLMN-A on BSC 1 while at the same time mean PLMN-B for BSC 2.  However this approach leads to additional Identity Request Procedure for every call setup. Furthermore it would be inconsistent with PS domain handling (whatever the choice would be for this domain); this solution is therefore not recommended.
b). Indication via AS layer

1). Method 1: new AS signalling 
This would mean introduction of new AS message because existing SABM frame has reached maximum size (header 3 octets, information 20 octets) and therefore not possible to add new IE.
2). Method 2: introduce new bits (3 bits) in AS level IEs and map PLMN Id to bit values.  
This is no free bits on AS layer, so this is not possible.
2). PLMN Identity Indication for the PS domain
Again, several alternatives are possible on indicating selected PLMN for the PS domain: 

a). Indication via NAS layer

On PS side, there is no message size limitation from LLC, so it would be possible to include new PLMN Identity IE in GMM message. “Skip Indicator” IE based solution (as explained in a.2) above) can be used for PS side as well.  
However having indication in the NAS layer would lead the BSC to read all LLC messages which may cause performance issues. As currently the BSS does not inspect the contents of LLC frames (or NAS messages included in LLC frames), indication via NAS layer is not recommended. 
b). Indication via AS layer

For example, to signal the selected PLMN id in the RLC/MAC and BSSGP protocol (i.e. outside the LLC frames) or to introduce new bits (3 bits) in AS level IEs and map PLMN Id to bit values (PLMN Id Index).  
Since NAS layer solution is not feasible on the PS side, AS based solution needs to be used.

3). PLMN Identity Indication during Inter-RAT handover
For inter-RAT handover from GERAN to eUTRAN on PS call, PLMN Identity Indication will be indicated to the UE in the GUTI in the TAU accept message when UE does a TA update after the HO according to 23.401 and 24.301:
5.5.2.4
GERAN A/Gb mode to E-UTRAN Inter RAT handover 

5.5.2.4.3
Execution phase

…

12.
The UE initiates a Tracking Area Update procedure when one of the conditions listed in clause "Triggers for tracking area update" applies.


The target MME knows that an IRAT Handover has been performed for this UE as it received the bearer context(s) by handover messages and therefore the target MME performs only a subset of the TA update procedure, specifically it excludes the context transfer procedures between source SGSN and target MME.

5.5.3
Tracking area updating procedure (S1 mode only)

5.5.3.1
General

The tracking area updating procedure is always initiated by the UE and is used for the following purposes:

-
normal tracking area updating to update the registration of the actual tracking area of a UE in the network;

-
combined tracking area updating to update the registration of the actual tracking area for a UE in CS/PS mode 1 or CS/PS mode 2 of operation;

-
periodic tracking area updating to periodically notify the availability of the UE to the network;

-
IMSI attach for non-EPS services when the UE is attached for EPS services. This procedure is used by a UE in CS/PS mode 1 or CS/PS mode 2 of operation;

-
in various cases of inter-system change from Iu mode to S1 mode or from A/Gb mode to S1 mode (for details see subclauses 5.5.3.2.2 and subclause 5.5.3.3.2);
-
…
…
In a shared network, the UE shall choose one of the PLMN identities as specified in 3GPP TS 23.122 [6]. The UE shall construct the TAI of the cell from this chosen PLMN identity and the TAC received on the broadcast system information. The chosen PLMN identity shall be indicated to the E-UTRAN (see 3GPP TS 36.331 [22]). …

5.5.3.2.4
Normal and periodic tracking area updating procedure accepted by the network

…

For a shared network, the TAIs included in the TAI list can contain different PLMN identities. The MME indicates the selected core network operator PLMN identity to the UE in the GUTI (see 3GPP TS 23.251 [8B]).
For inter-RAT handover from GERAN to UTRAN on PS call, similarly PLMN Identity Indication will be indicated to the UE in the RAI in the RAU accept message when UE does a RA update after the HO according to 24.008:
4.7.5.1.3
Normal and periodic routing area updating procedure accepted by the network

….In a shared network, if the MS is supporting network sharing, the network shall indicate the PLMN identity of the CN operator that has accepted the routing area updating request in the RAI contained in the ROUTING AREA UPDATE ACCEPT message; if the MS is not supporting network sharing, the network shall indicate the PLMN identity of the common PLMN (see 3GPP TS 23.251 [109]).

For inter-RAT handover from GERAN to UTRAN on CS call, CS call stays anchored on the MSC and the rPLMN cannot change during the call. The only possibility is for indication during LAU after HO call completion and the chosen PLMN Id will be indicated in the LAI in Location Update Accept message.
4.4.4.6
Location updating accepted by the network

If the location updating is accepted by the network a LOCATION UPDATING ACCEPT message is transferred to the mobile station.
In case the identity confidentiality service is active (see subclauses 4.3.1 and 4.4.4.4), the TMSI reallocation may be part of the location updating procedure. The TMSI allocated is then contained in the LOCATION UPDATING ACCEPT message together with the location area identifier LAI. The network shall in this case start the supervision timer T3250 as described in subclause 4.3.1.

In a shared network, if the MS is supporting network sharing, the network shall indicate in the LAI the PLMN identity of the CN operator that has accepted the location updating; if the MS is not supporting network sharing, the network shall indicate the PLMN identity of the common PLMN (see 3GPP TS 23.251 [109]).

3. Conclusion

It is proposed that CT1 takes into account the above discussion with a reply LS summarizing the conclusions. 

Draft reply LS has been provided in C1-113720.
 
