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1. Introduction

In the last CT1 meeting the possibilities for signalling the Selected PLMN ID are analysed in [1]. As communicated to GERAN2 and SA2 in the LS to GERAN2 and SA2 [1], for the CS domain CT1 “is confident to be able to find a solution on NAS level”.  For the PS domain GERAN2 was asked to “look for a ossible solution to signal the selected PLMN id in the RLC/MAC and BSSGP protocol (i.e. outside the LLC frames)”.  This mainly due to the fact that “so far there has not been any requirement for the BSS to inspect the contents of LLC frames (or NAS messages included in LLC frames)”. Considering the LS recommendation for the PS domain an AS solution will be used while for the CS domain a NAS solution. 
The findings given in [2] for the PS domain are depicted below:

“On PS side, there is no message size limitation from LLC… So it would be ok for the BSS to additionally decode the PLMN Id as well for PLMN routing.  So including new PLMN Id in GMM message would be a workable solution.

The alternative solution of letting the MS indicate the selected PLMN id to the BSC in all LLC frames sent with non-local TLLI would work as well, BSS could also route the messages to the correct PLMN. ”
In this paper a solution is presented for signalling of the selected PLMN ID to the BSS needed for the Full MOCN support utilizing NAS signalling without any requirement for the BSS to inspect the contents of the LLC frames. It must be noted that this solution has been presented in GERAN#51 meeting [3] and has been discussed in an email discussion among CT1 experts offline. Comments received are also addressed in this paper. 

2. Redirection in MOCN GERAN

The main difference between the supporting mobiles and non-supporting mobiles is the ability of the supporting mobiles to select one of the PLMN IDs from the multiple PLMN list and inform the CN of the Selected PLMN ID. In case of non–supporting mobiles it is the RAN that decides on the serving core network. If this CN cannot serve this mobile the redirection feature provides the means for the BSS to redirect the mobiles to their appropriate serving PLMN / operator.  

As specified in TS 23.251, in Rel-10 MOCN feature in GERAN all mobiles are considered non-supporting mobiles.  Upon attachment or routing/location area update it is the BSS that decides on the serving CN node. However as it may happen that the CN node cannot serve the MS the redirection is utilized. An example of the signalling flow for the redirection is given in TS23.251 in Section 7.1.4 and 7.1.4.2. Redirection is based on the fact that A-flex and Gb-flex is supported.  The selection of CN node is based on NRI (valid or invalid) or by random selection. The same mechanism as defined for A-Flex and Gb-Flex is defined in TS 23.236. 
Until the completion of the GMM procedure the MS utilizes the random or foreign TLLI depending on whether it has an old PTMSI signature or not for addressing the RLC/MAC data blocks. 

3. Utilizing Redirection Signaling FOR FULL MOCN in PS domain
In this solution the redirection mechanism already specified for MOCN GERAN would be extended to inform the BSS on the Selected PLMN ID from the SGSN to the BSS. 

The steps needed to perform this procedure are depicted below:
1. Selected PLMN ID, thus the one selected by the MS from the broadcasted multiple PLMN list is to be added to the NAS signaling namely ATTACH or RAU REQUEST as a separate new IE, in addition to the old routing area identification mandatory IE. The Selected PLMN ID will be send transparently to the BSS and as such the BSS does not have to look into the NAS message to derive the Selected PLMN ID. 

2. BSS will use the redirection mechanism defined for MOCN to route the BSSGP UL message to one of the SGSNs in the shared area. The SGSN receiving the NAS message with the Selected PLMN ID but not the right SGSN shall send the Selected PLMN ID back to the BSS as per redirection mechanism but indicating Selected PLMN ID as received from the MS in the NAS message.

3. BSS will route the message to the right SGSN based on the received Selected PLMN ID from the SGSN. Thus BSS differently from Rel-10 redirection mechanism can be "wrong" only upon sending the 1st BSSGP UL PDU.

4. The right/selected SGSN, provided legacy conditions are met to accept ATTACH or RAU Request, shall send the ATTACH or RAU ACCEPT with the RAI indicating the Selected PLMN ID as per legacy procedures. Needless to say this RAI shall be the selected PLMN ID as chosen by the mobile.

5. The mobile upon receiving the ATTACH or RAU ACCEPT shall check whether the received RAI matches its Selected PLMN ID prior to sending a COMPLETE message back. This check will be needed for any solution.
The signaling flow for sending the Selected PLMN ID utilizing the signaling flow for redirection mechanism as specified in TS23.251 is depicted in Figure 1 below:
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Figure 4. Utilizing the redirection signaling for informing the BSS on the Selected PLMN ID from SGSN

The additions to the redirection mechanism are highlighted in green. Redirection occurs only once, thus if SGSN A is not the Selected PLMN ID but the SGSN B, the BSC shall redirect the L3 message to the Selected SGSN.
The required additions to the original procedural text specified in TS 23.251 are depicted below: 

1)
The TBF is established.

2, 2a)
BSC receives the LLC frame with foreign [or random] TLLI =X.


The BSC is configured to work in a Shared RAN MOCN and Full MOCN, and therefore it forwards the message in a BSSGP UL-UNITDATA message with an additional redirect attempt flag set. The flag indicates that the SGSN shall respond to the attach request with a BSSGP DL-UNITDATA message providing when relevant a redirection indication flag set to inform the BSC that a redirection to another CN has to be performed or providing the Selected PLMN ID if this is received in the ATTACH REQUEST message.


The selection of CN node is based on NRI (valid or invalid) or by random selection. The same mechanism as defined for Gb-Flex in TS 23.236 [8] is used.

3)
The SGSN receives the BSSGP UL-UNITDATA message with the redirect attempt flag set. It then knows it may have to provide the BSC with a redirection indication flag set or a redirection completed flag set or a Selected PLMN ID.

4)
The SGSN needs the IMSI of the UE. It is retrieved either from old SGSN or from the UE as in this example. By comparing the IMSI with the roaming agreements of the CN operator, the SGSN A discovers that roaming is not allowed or that roaming is allowed but CS/PS coordination required. Attach procedure is aborted. In case of supporting mobile the SGSN A receives the Selected PLMN ID in the ATTACH Request and if not matching with its PLMN ID it aborts the Attach procedure.
5a)
A BSSGP DL-UNITDATA message is sent back to the BSC with a redirection indication flag set containing the reject cause, the attach reject message and the original attach request message received from the UE. The V(U) used for LLC-PDU setting (refer to TS 44.064 [19]) is included in the message. The IMSI is also included in the message. In case of supporting mobile the SGSN sends the Selected PLMN ID to the BSC as received in the ATTACH REQUEST message. 

The BSC selects a SGSN B in the next step. The already tried SGSN A is stored in the BSC during the redirect procedure so that the same node is not selected twice. If BSSGP DL-UNITDATA PDU is received with the Selected PLMN ID the BSS selects this SGSN (in this example SGSN B) in the next step. 
5b)
The BSC makes a short-lived binding between the TLLI =X and SGSN ID so that it points to SGSN B.

6)
The BSC sends a new BSSGP UL-UNITDATA to the next selected SGSN B with the original attach request message (in case of CS/PS coordination the BSSGP UL-UNITDATA may also be sent back to the first SGSN depending on the outcome of the coordination). Redirect attempt flag is set and IMSI shall be included to avoid a second IMSI retrieval from UE or old SGSN and to indicate that PS/CS domain coordination has been done in BSC (if enabled in BSC). The V(U) shall also be included in the message. The SGSN B receiving the message starts its attach procedure. Redirect attempt flag is not set when BSS has received the Selected PLMN ID. 
7)
SGSN B does in general support roaming for the HPLMN of the IMSI and hence authentication is done and RAN ciphering is established. The value of V(U) in SGSN-B shall be set according to the received value from BSC.


Uplink LLC frames shall be routed to SGSN B despite the NRI of the TLLI=X pointing to SGSN A.

8)
SGSN B updates the HLR and receives subscriber data from HLR. Subscriber data allows roaming, and the SGSN B completes the attach procedure. This includes the assignment of a new P-TMSI with an NRI that can be used by BSC to route subsequent signalling between UE and correct SGSN (Gb-Flex functionality).

9)
A BSSGP DL-UNITDATA Attach accept message is sent to BSC with the redirection completed flag set . The BSC knows that the redirect is finished and can both forward the Attach Accept message to the UE and clean up any stored redirect data. The PLMN ID in the ATTACH accept is the Selected PLMN ID as chosen by the mobile. This is existing functionality.

SGSN B is allowed to reset the XID parameter only after the attach request is accepted.

10)
The Attach Accept is forwarded to the UE. The UE stores the P-TMSI with the Gb-Flex NRI to be used for future signalling, even after power off. This is existing functionality.

11)
UE responds with an Attach Complete message (P-TMSI (re-)allocation if not already made in Attach Accept). The Attach Complete uses new TLLI. After this, the BSS releases the binding between TLLI=X and SGSN B. A supporting UE checks whether the received RAI matches its stored Selected PLMN ID prior to responding with an Attach Complete message. 
4. Changes to the NAS and BSSGP signaling

In order to support the proposal defined in in Section 3 changes to the NAS and BSSGP Signaling will be needed and the associated procedures. The changes to the NAS and BSSGP signalling are depicted below.
4.1 Changes to NAS signalling 

The Selected PLMN ID will be added to the ATTACH REQUEST AND ROUTING AREA UPDATE REQUEST in TS24.008 as given below:

9.4.1
Attach request

This message is sent by the MS to the network in order to perform a GPRS or combined GPRS attach. See table 9.4.1/3GPP TS 24.008.

Message type:
ATTACH REQUEST

Significance:

dual

Direction:


MS to network

Table 9.4.1/3GPP TS 24.008: ATTACH REQUEST message content

	IEI
	Information Element
	Type/Reference
	Presence
	Format
	Length

	
	Protocol discriminator
	Protocol discriminator

10.2
	M
	V
	1/2

	
	Skip indicator
	Skip indicator

10.3.1
	M
	V
	½

	
	Attach request message identity
	Message type

10.4
	M
	V
	1

	
	MS network capability
	MS network capability

10.5.5.12
	M
	LV
	3-9

	
	Attach type
	Attach type

10.5.5.2
	M
	V
	½

	
	GPRS ciphering key sequence number
	Ciphering key sequence number 

10.5.1.2
	M
	V
	½

	
	DRX parameter
	DRX parameter

10.5.5.6
	M
	V
	2

	
	P-TMSI or IMSI
	Mobile identity

10.5.1.4
	M
	LV
	6 - 9

	
	Old routing area identification
	Routing area identification

10.5.5.15
	M
	V
	6

	
	MS Radio Access capability
	MS Radio Access capability

10.5.5.12a
	M
	LV
	6 - 51

	19
	Old P-TMSI signature
	P-TMSI signature

10.5.5.8
	O
	TV
	4

	17
	Requested READY timer
value
	GPRS Timer

10.5.7.3
	O
	TV
	2

	9-
	TMSI status
	TMSI status

10.5.5.4
	O
	TV
	1

	33
	PS LCS Capability
	PS LCS Capability
10.5.5.22
	O
	TLV
	3

	11
	Mobile station classmark 2
	Mobile station classmark 2
10.5.1.6
	O
	TLV
	5

	20
	Mobile station classmark 3
	Mobile station classmark 3
10.5.1.7
	O
	TLV
	2-34

	40
	Supported Codecs
	Supported Codec List
10.5.4.32
	O
	TLV
	5-n

	58
	UE network capability
	UE network capability

10.5.5.26
	O
	TLV
	4-15

	1A
	Additional mobile identity
	Mobile identity

10.5.1.4
	O
	TLV
	7

	1B
	Additional old routing area identification
	Routing area identification 2
10.5.5.15a
	O
	TLV
	8

	5D
	Voice domain preference and UE's usage setting
	Voice domain preference and UE's usage setting

10.5.5.28
	O
	TLV
	3

	D-
	Device properties
	Device properties

10.5.7.8
	O
	TV
	1

	n
	Selected PLMN ID 
	Selected PLMN ID 
	O
	TV
	20


9.4.14
Routing area update request

This message is sent by the MS to the network either to request an update of its location file or to request an IMSI attach for non-GPRS services. See table 9.4.14/3GPP TS 24.008.

Message type:
ROUTING AREA UPDATE REQUEST

Significance:

dual

Direction:


MS to network

Table 9.4.14/3GPP TS 24.008: ROUTING AREA UPDATE REQUEST message content

	IEI
	Information Element
	Type/Reference
	Presence
	Format
	Length

	
	Protocol discriminator
	Protocol discriminator

10.2
	M
	V
	1/2

	
	Skip indicator
	Skip indicator

10.3.1
	M
	V
	1/2

	
	Routing area update request message identity
	Message type

10.4
	M
	V
	1

	
	Update type
	Update type

10.5.5.18
	M
	V
	1/2

	
	GPRS ciphering key sequence number
	Ciphering key sequence number 

10.5.1.2
	M
	V
	1/2

	
	Old routing area identification
	Routing area identification

10.5.5.15
	M
	V
	6

	
	MS Radio Access capability
	MS Radio Access capability

10.5.5.12a
	M
	LV
	6 - 51

	19
	Old P-TMSI signature
	P-TMSI signature

10.5.5.8
	O
	TV
	4

	17
	Requested READY timer value
	GPRS Timer

10.5.7.3
	O
	TV
	2

	27
	DRX parameter
	DRX parameter

10.5.5.6
	O
	TV
	3

	9-
	TMSI status
	TMSI status

10.5.5.4
	O
	TV
	1

	18
	P-TMSI
	Mobile identity

10.5.1.4
	O
	TLV
	7

	31
	MS network capability
	MS network capability

10.5.5.12
	O
	TLV
	4-10

	32
	PDP context status
	PDP context status

10.5.7.1
	O
	TLV
	4

	33
	PS LCS Capability
	PS LCS Capability

10.5.5.22
	O
	TLV
	3

	35
	MBMS context status
	MBMS context status

10.5.7.6
	O
	TLV
	2-18

	58
	UE network capability
	UE network capability

10.5.5.26
	O
	TLV
	4-15

	1A
	Additional mobile identity
	Mobile identity

10.5.1.4
	O
	TLV
	7

	1B
	Additional old routing area identification
	Routing area identification 2
10.5.5.15a
	O
	TLV
	8

	11
	Mobile station classmark 2
	Mobile station classmark 2
10.5.1.6
	O
	TLV
	5

	20
	Mobile station classmark 3
	Mobile station classmark 3
10.5.1.7
	O
	TLV
	2-34

	40
	Supported Codecs
	Supported Codec List
10.5.4.32
	O
	TLV
	5-n

	5D
	Voice domain preference and UE's usage setting
	Voice domain preference and UE's usage setting

10.5.5.28
	O
	TLV
	3

	E-
	P-TMSI type
	P-TMSI type
10.5.5.29
	O
	TV
	1

	D-
	Device properties
	Device properties

10.5.7.8
	O
	TV
	1

	n
	Selected PLMN ID 
	Selected PLMN ID 
	O
	V

	6


4.2 Changes to BSSGP signalling 

The Selected PLMN ID will be added to the BSSGP DL UNIT DATA PDU in  TS48.018 as given below:

10.2.1
DL-UNITDATA

This PDU is sent to the BSS to transfer an LLC-PDU across the radio interface to an MS.

PDU type:
DL-UNITDATA

Direction:
SGSN to BSS

Table 10.2.1: DL-UNITDATA PDU contents

	Information element
	Type / Reference
	Presence
	Format
	Length

	PDU type
	PDU type/11.3.26
	M
	V
	1

	TLLI (current)
	TLLI/11.3.35
	M
	V
	4

	QoS Profile (note 1)
	QoS Profile/11.3.28
	M
	V
	3

	PDU Lifetime
	PDU Lifetime/11.3.25
	M
	TLV
	4

	MS Radio Access Capability (note 2)
	MS Radio Access Capability/11.3.22
	O
	TLV
	7-?

	Priority (note 3)
	Priority/11.3.27
	O
	TLV
	3

	DRX Parameters
	DRX Parameters/11.3.11
	O
	TLV
	4

	IMSI 
	IMSI/11.3.14
	O
	TLV
	5-10

	TLLI (old)
	TLLI/11.3.35
	O
	TLV
	6

	PFI
	PFI/11.3.42
	O
	TLV
	3

	LSA Information
	LSA Information/11.3.19
	O
	TLV
	7-?

	Service UTRAN CCO
	Service UTRAN CCO/11.3.47
	O
	TLV
	3

	Subscriber Profile ID for RAT/Frequency priority (note 5)
	Subscriber Profile ID for RAT/Frequency priority/11.3.105
	O
	TLV
	3

	Redirection Indication  (note 6)
	Redirection Indication/11.3.112
	O
	TV
	2

	Redirection Completed (note 7)
	Redirection Completed/11.3.113
	O
	TV
	2

	Unconfirmed send state variable (note 9)
	Unconfirmed send state variable/11.3.114
	C
	TV
	3

	Alignment octets
	Alignment octets/11.3.1
	O
	TLV
	2-5

	LLC-PDU (note 4)
	LLC-PDU/11.3.15
	M
	TLV
	2-?

	Initial LLC-PDU (note 8)
	LLC-PDU/11.3.15
	O
	TLV
	2-?

	Selected PLMN ID (note 10)
	PLMN ID /11.3.nnn
	O
	TV
	20

	NOTE 1:
Some attributes of the QoS Profile shall be discarded if the PFI field is present and corresponds to a known PFC in the BSS.

NOTE 2:
The field shall be present if there is valid MS Radio Access Capability information known by the SGSN; the field shall not be present otherwise.

NOTE 3:
The priority field shall be discarded if the PFI field is present and corresponds to a known PFC in the BSS for which the ARP field was received.

NOTE 4:
The LLC-PDU Length Indicator may be zero. 

NOTE 5:
This IE may be included if available in the SGSN. If the Service UTRAN CCO IE is present with the value of "shall not" the Service UTRAN CCO IE takes precedence over this IE. 

NOTE 6:    This IE shall be included if Redirect Attempt flag was present in UL-UNITDATA and the CN requests rerouting by the BSC to another CN operator. 
NOTE 7:    This IE shall be included if Redirect Attempt flag was present in UL-UNITDATA and the redirection is completed.

NOTE 8:    The initial Layer 3 Information received from MS. Only present when Redirection Indication is present.
NOTE 9:
Contains the value of the V(U) as defined in [12] if Redirection Indication IE is present.
NOTE 10: This IE shall be included if Selected PLMN ID was received from the MS in the ATTACH or RAU request for Full MOCN. 


10.2.2
UL-UNITDATA

This PDU transfers an MS's LLC-PDU and its associated radio interface information across the Gb-interface.

PDU type:
UL-UNITDATA

Direction:
BSS to SGSN

Table 10.2.2: UL-UNITDATA PDU content

	Information element
	Type / Reference
	Presence
	Format
	Length

	PDU type
	PDU type/11.3.26
	M
	V
	1

	TLLI
	TLLI/11.3.35
	M
	V
	4

	QoS Profile
	QoS Profile/11.3.28
	M
	V
	3

	Cell Identifier
	Cell Identifier/11.3.9
	M
	TLV
	10

	PFI
	PFI/11.3.42
	O
	TLV
	3

	LSA Identifier List
	LSA Identifier List/11.3.18
	O
	TLV
	3-?

	Redirect Attempt Flag (Note 3)
	Redirect Attempt Flag/11.3.110
	O
	T
	1

	IMSI (note 2)
	IMSI/11.3.14
	O
	TLV
	5-10

	Unconfirmed send state variable (note 4)
	Unconfirmed send state variable/11.3.114
	O
	TV
	3

	Alignment octets
	Alignment octets/11.3.1
	O
	TLV
	2-5

	LLC-PDU (note 1)
	LLC-PDU/11.3.15
	M
	TLV
	2-?

	NOTE 1:
The LLC-PDU Length Indicator may be zero.

NOTE 2:    IMSI shall be included if available and if Redirect Attempt Flag is present.

NOTE 3:    This element indicates that the core network should respond with either Redirection Indication IE or Redirection Completed IE in DL_UNITDATA or Selected PLMN ID for Full MOCN.
NOTE 4:
Unconfirmed send state variable shall be included if received in the previous DL_UNITDATA.


5. Conclusions

This contribution presented the signaling of the Selected PLMN ID in GERAN utilizing the NAS signaling and redirection signaling without imposing any requirements to the BSS to inspect the contents of the LLC frames. The impacts to the signaling and respective nodes thus MS, BSS and SGSN in order to support this procedure are negligible in particular when considering that the procedure defined for redirection in MOCN in Rel-10 will have to be used for non-supporting / legacy mobiles. In terms of impacts to the signaling and to the respective nodes the solution presented requires:

· The necessary detailed changes to the GMM and BSSGP signaling are depicted in Section 4. As it is shown only few changes are needed and no new signaling messages are needed;
· MS: impacts to the GMM signaling only as Selected PLMN ID will be added to ATTACH/RAU REQUEST message (see Section 4.1);
· BSS: no impacts as BSS shall utilize the received Selected PLMN ID to route the traffic to the right SGSN as per legacy procedures. This functionality is needed also if this IE is received by the mobile in the RLC/MAC blocks;
· SGSN: no impacts as SGSN shall include the received Selected PLMN ID IE in the Downlink BSSGP message in the same manner as it does with existing IEs such as MS RAC IE for example.
This solution has the following advantages:

· It is fully based on the redirection mechanism specified for GERAN MOCN Rel-10 which will be used for non-supporting mobiles as well;
· It does not require sending of the Selected PLMN ID in all LLC frames sent with non-local TLLI as given in [2];
· It does not require any GMM specific rules at the MS in sending the Selected PLMN ID to through the LLC PDU to the RLC/MAC, also needed if the sending rate of the Selected PLMN ID is to be limited to a single LLC frame only;
· It has no impact and imposes no requirements to the RLC/MAC signaling neither at the MS or BSS;
· Enables a NAS solution for the PS domain;
Considering the advantages and limited number of impacts of this solution it is proposed that TSG CT WG1 considers this analysis and the solution presented for signaling the Selected PLMN ID to the BSS through the NAS signaling. In particular seen that this solution does not request that the BSS inspects the LLC frames as initially assumed by the CT1 when discussing the addition of the Selected PLMN ID to the NAS signaling for PS domain [1][2], feedback is appreciated on whether the CT1 supports the view presented in [2] that “including new PLMN Id in GMM message would be a workable solution”.
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