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5.4.5
Mobile Stations (A/Gb mode)

An A/Gb mode MS operates in one of three modes of operation. The mode of operation depends on the network domains that the MS is attached to, i.e. only PS or both PS and CS domain, and upon the MS's capabilities to operate PS and CS domain services simultaneously.

-
Class‑A mode of operation: The MS is attached to both PS and CS domain, and the MS supports simultaneous operation of PS and CS domain services.

-
Class‑B mode of operation: The MS is attached to both PS and CS domain, but the MS can only operate one set of services, PS or CS services, at a time.

-
Class‑C mode of operation: The MS is exclusively attached to the PS domain.

The three modes of operation are defined in 3GPP TS 22.060 [3].

NOTE:
Other technical specifications may refer to the MS modes of operation as GPRS class‑A MS, GPRS class‑B MS, and GPRS class‑C MS.

5.4.6
Mobile Stations (Iu mode)

An Iu mode MS  operates in one of three modes of operation. However, these operation modes are different from the ones of an A/Gb mode MS due to the capabilities of an Iu mode RAN to multiplex CS and PS connections, due to paging co-ordination for PS services and CS services that are offered by the CN or the UTRAN/GERAN-Iu, etc. The different Iu mode MS operation modes are defined as follows:

-
CS/PS mode of operation: The MS is attached to both the PS domain and CS domain, and the MS is capable of simultaneously signallingwith the PS and CS core network domains. This mode of operation is comparable to the  class‑A mode of operation defined for A/Gb mode. The ability to operate CS and PS services simultaneously depends on the MS capabilities (for example an A/Gb mode MS of class B, which can not operate simultaneously CS and PS services, may have the same limitations when changing to Iu mode and CS/PS mode of operation).
-
PS mode of operation: The MS is attached to the PS domain only and may only operate services of the PS domain. However, this does not prevent CS-like services to be offered over the PS domain (e.g. VoIP). This mode of operation is equivalent to the A/Gb mode GPRS class‑C mode of operation.

-
CS mode of operation: The MS is attached to the CS domain only and may only operate services of the CS domain. However, this does not prevent PS-like service to be offered over the CS domain. The CS mode of operation is outside the scope of this specification.

All combinations of different operation modes as described for A/Gb mode and Iu mode MSs shall be allowed for GERAN and UTRAN multisystem terminals.

6.3
Interactions Between SGSN and MSC/VLR

The interactions described in this clause shall be supported if the optional Gs interface is installed. All functionality of this clause and sub-clauses applies for A/Gb mode and Iu mode unless stated differently.
An association is created between SGSN and MSC/VLR to provide for interactions between SGSN and MSC/VLR. The association is created when the VLR stores the SGSN number and the SGSN stores the VLR number. The association is used for co-ordinating MSs that are both GPRS-attached and IMSI-attached.

The association supports the following actions:

-
IMSI attach and detach via SGSN. This makes combined GPRS / IMSI attach and combined GPRS / IMSI detach possible, thus saving radio resources.

-
Co-ordination of LA update and RA update, including periodic updates, thus saving radio resources. A combined RA / LA update is sent from the MS to the SGSN. The SGSN forwards the LA update to the VLR.

-
Paging for a CS connection via the SGSN.

-
Alert procedures for non-PS services.

-
Identification procedure.

-
MM Information procedure.

6.3.1
Administration of the SGSN ‑ MSC/VLR Association

The SGSN ‑ MSC/VLR association is created at the following occasions:

-
Combined GPRS / IMSI attach.

-
GPRS attach when the MS is already IMSI-attached.

-
Combined RA / LA update when the MS performs IMSI attach and is already GPRS-attached.

-
Combined RA / LA update when an IMSI and GPRS-attached MS changes from an area of network operation mode II or III to an area of network operation mode I.

The association is initiated by the SGSN. The SGSN creates an association by sending a BSSAP+ message concerning a particular MS to the VLR. An SGSN that does not provide functionality for Intra Domain Connection of RAN Nodes to Multiple CN Nodes uses the RAI to determine the VLR number. An SGSN that provides functionality for Intra Domain Connection of RAN Nodes to Multiple CN Nodes uses the RAI and a hash value from the IMSI to determine the VLR number. During a CS connection, an MS in class‑B mode of operation (A/Gb mode) cannot perform GPRS attach nor routeing area updates, only MSs in class‑A mode of operation can perform these procedures. If a GPRS attach was made during a CS connection, the association shall be initiated by a combined RA / LA update after the CS connection has been released.

The association is updated on the following occasions:

-
When an MS changes VLR.

-
When an MS changes SGSN.

The association is not updated during a CS connection.

When the MS is in idle mode (see GSM 03.22 [7] and 3GPP TS 23.122 [7b]), the association is updated with the combined RA / LA updates procedure.

In relation to a CS connection, the association is managed in the following way:

MS in class‑A or CS/PS mode of operation:

An MS in class‑A or CS/PS mode of operation makes RA updates but no combined RA / LA updates during the CS connection. In the case when the MS changes SGSN, the SGSN (according to normal RA update procedures, see clause "Inter SGSN Routeing Area Update") updates the HLR and the GGSN, but not the VLR, about the new SGSN number.

In the case when the MS changes MSC during the CS connection, the subscriber data still remains in the old VLR until the CS connection is released and a combined RA / LA update or LA update is made. The association is also not updated during the CS connection.

After the CS connection has been released, a combined RA / LA update is performed (if there has been a change of RA, or if a GPRS attach was performed and the new cell indicates network operation mode I), and the association is updated according to combined RA / LA update procedures, see clause "Combined RA / LA Update Procedure". If the new cell indicates network operation mode II or III, then the MS performs an LA update.

MS in class‑B mode of operation (A/Gb mode):

An MS in class‑B mode of operation does not make any RA updates during a CS connection. The SGSN number therefore remains the same during the CS connection and does not need to be updated in the VLR. In the case when the MS changes MSC during the CS connection, the subscriber data still remains in the old VLR until the CS connection has been released and a combined RA / LA update or LA update is made. Therefore, the VLR number remains the same during the CS connection. After the CS connection has been released, the MS performs an RA update and an LA update if the RA has changed and the new cell indicates network operation mode II or III, or a combined RA / LA update if the RA has changed and the new cell indicates network operation mode I. The association is updated according to the combined RA / LA update procedures, see clauses "Inter SGSN Routeing Area Update" and "Combined RA / LA Update Procedure".

The SGSN ‑ MSC/VLR association is removed at the following occasions:

-
At IMSI detach.

-
At GPRS detach.

When the MSC/VLR receives an LA update via the A or Iu interface from an MS for which an association exists, the MSC/VLR shall remove the association without notifying the SGSN. When the SGSN receives a (non-combined) RA update from an MS for which an association exists, the SGSN shall remove the association without notifying the MSC/VLR. When the MSC/VLR receives a BSSAP+ MS Unreachable message from the SGSN indicating that PPF is cleared, the state of the association shall not be changed at the MSC/VLR.

6.3.2
Combined RA / LA Updating

When the MS is both IMSI and GPRS-attached, the LA and RA updating is done in a co-ordinated way to save radio resources if supported by the network operation mode. When the MS enters a new RA in network operation mode I, the MS sends a Routeing Area Update Request message to the SGSN, as described in clause "Combined RA / LA Update Procedure". The LA update is included in the RA update. The SGSN then forwards the LA update to the MSC/VLR. The MSC/VLR optionally returns a new VLR TMSI that is sent to the MS via the SGSN.

An MS in class‑A mode of operation involved in a CS connection makes only RA updates and no combined RA / LA updates to the SGSN.
An MS in CS/PS mode of operation involved in a CS connection makes only RA updates and no combined RA / LA updates to the SGSN.
An MS in class‑B mode of operation involved in a CS connection does not make any updates during the CS connection.

An MS in class‑C mode of operation never makes combined RA / LA updates. MSs in CS mode of operation and MSs in PS mode of operation never make combined RA / LA updates.

6.3.3
CS Paging (A/Gb mode)

When an MS is both IMSI and GPRS-attached in a network that operates in mode I, the MSC/VLR executes paging for circuit-switched services via the SGSN. If the MS is in STANDBY state, it is paged in the routeing area and in the null routeing area (see clause "Routeing Area Identity "). If the MS is in READY state, it is paged in the cell. A paging timer in the MSC supervises the paging procedure. The SGSN converts the MSC paging message into an SGSN paging message.

The CS Paging procedure is illustrated in figure 18. Each step is explained in the following list.
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Figure 18: CS Paging Procedure in A/Gb mode

1)
The SGSN receives a Page (IMSI, VLR TMSI, Channel Needed, Priority, Location Information) message from the MSC. Channel Needed is defined in GSM 08.08 [18] and indicates to the MS which type of CS channel is needed to be requested in the response. VLR TMSI and Channel Needed are optional parameters. Priority is the circuit-switched paging priority parameter as defined in GSM 08.08. 

2)
The SGSN sends a BSSGP Paging Request (IMSI, TLLI, VLR TMSI, Area, Channel Needed, QoS) message to the BSS serving the MS. Area is derived from either the MS's MM context in the SGSN or, if no such information is available, from the Location Information received from the MSC/VLR. Area indicates a single cell for a READY state MS or a routeing area for a STANDBY state MS. VLR TMSI and Channel Needed are included if received from the MSC. If Channel Needed was not received from the MSC, then a default Channel Needed parameter indicating circuit-switched paging is included by the SGSN. QoS indicates the priority of this Paging Request relative to other Paging Request messages buffered in the BSS. If the location area where the MS was last known to be located has an associated null routeing area, then the SGSN shall send an additional BSSGP Paging Request message to each BSS serving this null RA.

3)
The BSS translates the incoming BSSGP Paging Request message into one radio Paging Request message per cell. If a dedicated radio resource is assigned to the MS in a cell, then the BSS transmits one Paging Request (VLR TMSI or IMSI, Channel Needed) message on this radio resource, without stopping possibly ongoing data transfers for the MS. Otherwise, the BSS pages the MS with one Paging Request (VLR TMSI or IMSI, Channel Needed) message on the appropriate paging channel in each addressed cell. This is described in GSM 03.64.

4)
Upon receipt of a Paging Request message for a circuit-switched service the MS may accept to respond to this request and shall follow the CS procedures for paging response (random access, immediate assignment, and paging response) as specified in GSM 04.08 [13].

5)
When received at the BSS, the Paging Response message is sent to the MSC, which shall stop the paging response timer.

6.3.3.1
Paging Co-ordination in A/Gb mode
The network may provide co-ordination of paging for circuit-switched and packet-switched services. Paging co-ordination means that the network sends paging messages for circuit-switched services on the same channel as used for packet-switched services, i.e. on the GPRS paging channel or on the GPRS traffic channel, and the MS needs only to monitor that channel. Three network operation modes are defined:

-
Network operation mode I: the network sends a CS paging message for a GPRS-attached MS, either on the same channel as the GPRS paging channel (i.e. the packet paging channel or the CCCH paging channel), or on a GPRS traffic channel. This means that the MS needs only to monitor one paging channel, and that it receives CS paging messages on the packet data channel when it has been assigned a packet data channel.

-
Network operation mode II: the network sends a CS paging message for a GPRS-attached MS on the CCCH paging channel, and this channel is also used for GPRS paging. This means that the MS needs only to monitor the CCCH paging channel, but that CS paging continues on this paging channel even if the MS has been assigned a packet data channel.

-
Network operation mode III: the network sends a CS paging message for a GPRS-attached MS on the CCCH paging channel, and sends a GPRS paging message on either the packet paging channel (if allocated in the cell) or on the CCCH paging channel. This means that an MS that wants to receive pages for both circuit-switched and packet-switched services shall monitor both paging channels in the cell, if the packet-paging channel is allocated. The network performs no paging co-ordination.

Table 2: Network Operation Modes for A/Gb mode

	Mode
	Circuit Paging Channel
	GPRS Paging Channel
	Paging co-ordination

	
	Packet Paging Channel
	Packet Paging Channel
	

	(
	CCCH Paging Channel
	CCCH Paging Channel
	Yes

	
	Packet Data Channel
	Not Applicable
	

	((
	CCCH Paging Channel
	CCCH Paging Channel
	No

	(((
	CCCH Paging Channel
	Packet Paging Channel
	No

	
	CCCH Paging Channel
	CCCH Paging Channel
	


For MSs with an SGSN – MSC/VLR association, which is established via the GS interface, all MSC-originated paging of GPRS-attached MSs shall go via the SGSN, thus allowing network co-ordination of paging. Paging co-ordination shall be made by the SGSN based on the IMSI, and is provided independently of whether the MS is in STANDBY or in READY state. The network operates in mode I.

When no SGSN – MSC/VLR association exists, all MSC-originated paging of GPRS-attached MSs shall go via the A interface, and co-ordination of paging cannot be performed. The network shall then either:

-
operate in mode II, meaning that the packet common control channel shall not be allocated in the cell; or

-
operate in mode III, meaning that the packet common control channel shall be used for GPRS paging when the packet paging channel is allocated in the cell.

The network operation mode (mode I, II, or III) shall be indicated as system information to MSs. For proper operation, the mode of operation should be the same in each cell of a routeing area.

Based on the mode of operation provided by the network, the MS can then choose, according to its capabilities, whether it can attach to GPRS services, to non-GPRS services, or to both.

6.3.4
CS Paging (Iu mode)

When an MS is both IMSI- and GPRS-attached in a network that operates in mode I, the MSC/VLR executes paging for circuit-switched services via the SGSN. 

In the MSC, a paging timer supervises the paging procedure.

The CS Paging procedure is illustrated in Figure 19. Each step is explained in the following list.
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Figure 19: CS Paging Procedure in Iu mode

1)
The SGSN receives a Page (IMSI, VLR TMSI, Location Information) message from the MSC. If VLR TMSI is omitted, the IMSI is used instead of the TMSI as a paging address at the radio interface. If location information is not included, the SGSN shall page the MS in all the cells served by the VLR and the SGSN, unless the SGSN has reliable information about the location of the MS.

2)
The 3G‑SGSN sends a RANAP Paging (IMSI, TMSI, Area, CN Domain Indicator) message to each RNS. 
IMSI is needed by the RNS in order to calculate the MS paging group and to identify the paged MS. TMSI is included if received from the MSC. Area indicates the area in which the MS is paged, and is derived from either the MS's MM context in the SGSN or, if no such information is available, from the Location Information received from the MSC/VLR. CN Domain Indicator indicates which domain (CS or PS) initiated the paging message, and in this case it must be set to "CS" by the SGSN.

3)
For more details on the radio resource part of the paging procedure, see subclause "Paging Initiated by CN".

4)
Upon receipt of a Paging Request message for a circuit-switched service, the MS responds to this request and returns the paging response as specified in GSM 04.18 in an RRC Initial Direct Transfer message as specified in 3GPP 25.331. CN Domain Indicator is set to "CS" in the Initial Direct Transfer message.

5)
When received at the RNS, the Paging Response message is sent in an RANAP Initial UE message to the MSC, which shall then stop the paging response timer.

6.3.4.1
Network Operation Modes for Iu mode
The network operation mode is used to indicate whether the Gs interface is installed or not. When the Gs interface is present, MSs initiate combined procedures.

Table 3: Network Operation Modes for Iu mode
	Mode
	Network configuration
	Combined procedure by MT

	(
	Gs interface is present
	Yes

	((
	Gs interface is not present
	No


The network operation mode (mode I or II) shall be indicated as system information to the MSs. For proper operation, the mode of operation should be the same in each cell of a routeing area.
Based on the mode of operation provided by the network, the MS deriveswhether to initiate combined update procedures or separate update procedures.
NOTE:
Network operation modes I and II for Iu mode correspond to modes I and II for A/Gb mode, respectively. Mode III applies to A/Gb mode only, but not to Iu mode.

6.3.5
Non-GPRS Alert

The MSC/VLR may request an SGSN to report activity from a specific MS. In this case, the MSC/VLR shall send a BSSAP+ Alert Request (IMSI) message to the SGSN where the MS is currently GPRS-attached.

Upon reception of the Alert Request (IMSI) message, the SGSN shall set NGAF. If NGAF is set for an MS, the SGSN shall inform the MSC/VLR when the next activity from that MS (and the MS is both IMSI- and GPRS-attached) is detected, and shall clear NGAF.

If the activity detected by the SGSN leads to a procedure towards the MSC/VLR, the SGSN shall just follow this procedure. If the activity detected by the SGSN does not lead to any procedure towards the MSC/VLR, the SGSN shall send an MS Activity Indication (IMSI) message towards the MSC/VLR.

6.3.6
MS Information Procedure

When the MS is marked at the VLR as both IMSI- and GPRS-attached, the VLR may perform the MS Information procedure via the SGSN. If the information requested by the VLR in the MS Information procedure is known by the SGSN, then the SGSN shall return this information to the VLR without interrogating the MS.

If the information requested is MS identity information (e.g. IMEI) that is not known by the SGSN but is known by the MS, then the SGSN shall interrogate the MS in a similar manner to that described in clause "Identity Check Procedures".

In A/Gb mode, if the information requested is MS location information, then this indicates a request for Cell Global Identity and Cell Identity Age. In Iu mode, if the information requested is MS location information, then this indicates a request for Service Area Identity and Service Area Identity Age, and in this case if an Iu connection for the MS exists, then the SGSN shall use the Location Reporting procedure (see clause "Location Reporting Procedure") in order to retrieve the Service Area Identity.
The MS Information procedure is illustrated in Figure 20. Procedure steps are explained in the following list.
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Figure 20: MS Information Procedure

1)
The MSC/VLR sends an MS Information Request (IMSI, Information Type) message to the SGSN. Information Type indicates the information that the MSC/VLR is requesting for that IMSI.

2)
If the information requested is not known by the SGSN but should be known by the MS, then the SGSN interrogates the MS in a similar manner to that described in the subclause "Identity Check Procedures". The SGSN sends an Identity Request (Identity Type) message to the MS.

3)
The MS responds with an Identity Response (Mobile Identity) message to the SGSN.

4)
In Iu mode, if an Iu connection for the MS exists, then the SGSN shall use the Location Reporting procedure to retrieve the Service Area Identity. If the BSS/RNS cannot determine the current Service Area of the MS, it may report the last known Service Area with an indication of how long has past since the MS was known to be in the indicated Service Area.

5)
The SGSN sends an MS Information Response (IMSI, Information) message to the MSC/VLR. Information contains the information requested by the MSC/VLR.

6.3.7
MM Information Procedure

When the MS is marked at the VLR as both IMSI- and GPRS-attached, the VLR may perform the MM Information procedure via the SGSN. The MM Information procedure is typically used to inform the MS about such things as the network name and the local time zone of the mobile.

The MM Information procedure is illustrated in Figure 21.
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Figure 21: MM Information Procedure

1)
The SGSN receives an MM Information (IMSI, Information) message from the MSC/VLR. Information is the information that the MSC/VLR is sending to the MS.

2)
The SGSN sends an MM Information (Information) message to the MS including the information received by the MSC/VLR.

6.4
MM Procedures

In A/Gb mode, the MM procedures shall use the LLC and RLC/MAC protocols for message transmission across the Gb and Um interfaces. The MM procedures shall provide information to the underlying layers to enable reliable transmission of MM messages on the Um interface. GSM 03.64 defines the mapping between LLC and the radio channels used.

In Iu mode, the MM procedures shall use the RANAP and RRC protocols for message transmission across the Iu and radio interfaces, respectively.

Furthermore, the MM procedures use MAP interfaces between SGSN and HLR (Gr), and between SGSN and EIR (Gf), and a BSSAP+ interface between SGSN and MSC/VLR (Gs).

User data can in general be transmitted during MM signalling procedures. In A/Gb mode, user data transmitted during attach, authentication, and routeing area update procedures may be lost and may therefore have to be retransmitted. In order to minimise the need for retransmission, the MS and SGSN should not transmit user data during the attach, authentication, and routeing area update procedures.

6.5.1
A/Gb mode GPRS Attach Procedure

A GPRS attach is made to the SGSN. A GPRS-attached MS makes IMSI attach via the SGSN with the combined RA / LA update procedure if the network operation mode is I. In network operation modes II and III, or if the MS is not GPRS-attached, the MS makes an IMSI attach as already defined in A/Gb mode. An IMSI-attached MS in class‑A mode of operation engaged in a CS connection shall use the (non-combined) GPRS Attach procedures when it performs a GPRS attach.

At the RLC/MAC layer, the MS shall identify itself with a Local or Foreign TLLI if the MS is already GPRS-attached and is performing an IMSI attach. Otherwise, the MS shall identify itself with a Foreign TLLI, or a Random TLLI if a valid P‑TMSI is not available. The Foreign or Random TLLI is used as an identifier during the attach procedure until a new P‑TMSI is allocated.

After having executed the GPRS attach, the MS is in READY state and MM contexts are established in the MS and the SGSN. The MS may then activate PDP contexts as described in clause "Activation Procedures".

An IMSI-attached MS that can only operate in class‑C mode of operation shall follow the normal IMSI detach procedure before it makes a GPRS attach. A GPRS-attached MS in class‑C mode of operation shall always perform a GPRS detach before it makes an IMSI attach.

If the network operates in mode I (see clause "Paging Co-ordination in A/Gb mode"), then an MS that is both GPRS-attached and IMSI-attached shall perform the Combined RA / LA Update procedures.

If the network operates in mode II or III, then a GPRS-attached MS that has the capability to be simultaneously GPRS-attached and IMSI-attached shall perform the (non-combined) Routeing Area Update procedures, and either:

-
access the non-GPRS common control channels for CS operation (the way that CS operation is performed in parallel with GPRS operation is an MS implementation issue outside the scope of the present document); or

-
if CS operation is not desired, depending on system information that defines whether or not explicit detach shall be used, either:

-
avoid all CS signalling (in which case the MS may be implicitly IMSI detached after a while); or

-
perform an explicit IMSI detach via the non-GPRS common control channels (if the MS was already IMSI-attached).

The Combined GPRS / IMSI Attach procedure is illustrated in Figure 22.

6.5.3
Combined GPRS / IMSI Attach procedure 

The Combined GPRS / IMSI Attach procedure is illustrated in Figure 22.
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Figure 22: Combined GPRS / IMSI Attach Procedure

1)
In A/Gb mode, the MS initiates the attach procedure by the transmission of an Attach Request (IMSI or P‑TMSI and old RAI, Classmark, CKSN, Attach Type, DRX Parameters, old P‑TMSI Signature) message to the SGSN. IMSI shall be included if the MS does not have a valid P‑TMSI available. If the MS has a valid P‑TMSI, then P‑TMSI and the old RAI associated with P‑TMSI shall be included. Classmark contains the MS's GPRS multislot capabilities and supported GPRS ciphering algorithms in addition to the existing classmark parameters defined in GSM 04.08. Attach Type indicates which type of attach is to be performed, i.e. GPRS attach only, GPRS Attach while already IMSI attached, or combined GPRS / IMSI attach. DRX Parameters indicates whether the MS uses discontinuous reception or not. If the MS uses discontinuous reception, then DRX Parameters also indicate when the MS is in a non-sleep mode able to receive paging requests and channel assignments. If the MS uses P‑TMSI for identifying itself and if it has also stored its old P‑TMSI Signature, then the MS shall include the old P‑TMSI Signature in the Attach Request message.

6.9.2.1
Routeing Area Update Procedure

A routeing area update takes place when an attached MS detects that it has entered a new RA or when the periodic RA update timer has expired or when RRC connection is released with cause "Directed Signalling connection re-establishment" or when the MS has to indicate new access capabilities to the network.

The SGSN detects that it is an intra-SGSN routeing area update by noticing that it also handles the old RA. In this case, the SGSN has the necessary information about the MS and there is no need to inform the GGSNs or the HLR about the new MS location. A periodic RA update is always an intra-SGSN routeing area update. If the network operates in mode I, an MS that is in CS/PS mode of operation shall perform the Combined RA / LA Update procedures except this CS/PS mode MS is engaged in a CS connection, then it shall perform (non combined) RA Update procedures.

In Iu mode, an RA update is either an intra-SGSN or inter-SGSN RA update, either combined RA / LA update or only RA update, either initiated by an MS in PMM‑CONNECTED (only valid after a Serving RNS Relocation Procedure, see clause 6.9.2.2) or in PMM‑IDLE state. All the RA update cases are contained in the procedure illustrated in Figure 36.

NOTE 1:
The network may receive an RA update from a UE in PMM-CONNECTED state over a new Iu signalling connection. This could happen when the UE enters PMM-IDLE state on receipt of RRC Connection Release with cause "Directed Signalling connection re-establishment" and initiates an RA or Combined RA update procedure (see clause 6.1.2.4.1).
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