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1
Introduction

One of the objectives discussed in SA2#50 document S2-060545 is for the One Tunnel approach to retain the existing pre-Rel-7 network capabilities, more specifically:
The resulting system architecture shall be fully interoperable with pre-Rel-7 nodes and it should retain the existing network capabilities, or those that cannot be delivered need to be clearly document.

This paper examines the impacts of moving the user plane functionality to the xGGSN for CAMEL services in the Core Network and proposes a solution to retain CAMEL the interface with the GSM Service Control Function (gsmSCF) on the cSGSN. The aim is to minimize signalling where possible by reusing existing messages. The changes apply to the One Tunnel approach.
2
CAMEL
CAMEL may be used to provide online charging in the SGSN. In online charging is the network resource usage is collected concurrently with that resource usage.  Authorization for the network resource usage must be obtained by the network prior to the actual resource usage to occur. Charging information can affect in real-time, the service rendered and therefore a direct interaction of the charging mechanism with the control of network resource usage is required. The SGSN interacts with the CAMEL Service Engine (CSE) using detection points invoked during various GPRS Mobility Management and Session Management procedures.
Operators may also used CAMEL for session and cost control.
2.1
Detection Points

CAMEL is event based architecture with procedures defined in the SGSN and gsmSCF. Events are characterized by detection points which may either be statically provisioned in the HLR or dynamically activated via the use of CAMEL procedures.

Three different types of DPs are identified:

-
Trigger Detection Point-Request (TDP‑R): This detection point is statically armed and may initiate a CAMEL control relationship. This CAMEL control relationship is within a new GPRS dialogue. When the GPRS event is encountered and reported, processing is suspended.

-
Event Detection Point- Request (EDP‑R): This detection point is dynamically armed within the context of a CAMEL control relationship. When the GPRS event is encountered, and reported, processing is suspended and the gprsSSF waits for instructions from the gsmSCF.

-
Event Detection Point-Notification (EDP‑N): This detection point is dynamically armed within the context of a CAMEL control relationship. When the GPRS event is encountered and reported, processing is not suspended.

DPs may be associated with either a specific UE and/or PDP context. UE based CAMEL services are not impacted by One Tunnel and will remain the responsibility of the SGSN (cSGSN in the One Tunnel approach).

Statically armed DPs for  PDP Context are received in the Insert Subscriber Data message from the HLR during the Attach or Inter SGSN Routing Area Update (IRAU) procedures. The GSM Service Control Function (gsmSCF) may also dynamically arm events using CAMEL service procedures associated with the UE or a specific PDP Context. Dynamic DPs may be received during the processing of CAMEL UE or PDP Context procedures.
2.1.1
DPs associated with UEs
Table 1 lists the CAMEL DP for a UE on the SGSN. The last column shows the DPs associated with a PDP Context which may be dynamically armed during the Attach or IRAU procedures.
	CAMEL Detection Point
	DP Type
	Description
	Dynamic arming of subsequent DP for PDP Context

	DP Attach
	TDP‑R
	A request to attach is received.
	· PDP Context Establishment

· PDP Context Establishment Acknowledgement

· PDP deactivation

	DP Change of Position GPRS Session
	TDP‑R1), EDP‑N
	Routeing Area Update is accepted.
	· PDP Context Establishment

· PDP Context Establishment Acknowledgement

· PDP deactivation

· Change of position (PDP Context)

	DP Detach
	EDP‑N, EDP‑R
	A detach request is received either from the MS, the SGSN or a 'Cancel Location' received from HLR or Inter SGSN Routeing update occurred in the old SGSN.
	


Table 1: CAMEL Detection Points associated UE
2.1.2
DPs associated with PDP Context
Table 2 list the CAMEL procedures applicable to the SGSN for PDP context along with their detection points. A given CAMEL procedure for a PDP Context can dynamically arm other subsequent event/procedures which is shown in the last column.
	CAMEL Detection Point
	DP Type
	SGSN trigger
	Dynamic arming of subsequent DP for PDP Context

	DP PDP Context Establishment
	TDP‑R,, EDP‑R, EDP‑N
	Activate PDP Context request is received from the MS.
	· PDP Context Establishment Acknowledgement

· Change of Position (PDP Context)

· PDP Deactivation

	DP PDP Context Establishment Acknowledgement
	TDP‑R, EDP‑R, EDP‑N
	Create PDP Context response is received from the GGSN.
	Change of position (PDP Context)

PDP deactivation

	DP PDP Context Disconnection
	EDP‑N, EDP‑R
	· Deactivate PDP Context Request is received from the MS

· Delete PDP Context request is received from the GGSN. 

· Inter SGSN Routeing update occurred in old SGSN.
	

	DP Change of Position Context
	TDP‑R, EDP‑N, EDP‑R
	Routeing Area Update is accepted.
	· PDP Context Establishment

· PDP Context Establishment Acknowledgement

· PDP deactivation

· Change of position (PDP Context)

	Change of Quality of Service
	
	PDP Context Modification Procedure completion
	· PDP deactivation

· Change of Position (PDP Context)


Table 1: CAMEL Detection Points associated with PDP Context
2.2
CAMEL Services associated with PDP Context
CAMEL services may be activated on the SGSN to collect data for a PDP Context based on:

· Tariff: Tariff based CAMEL services allows Operator the ability to perform variable rate charging for a PDP Context. When instructed by the gsmSCF the SGSN collects volume information transmitted to/from UE after a specified Tariff time interval. During the normal reporting interval (time or volume) the SGSN reports the total data volume transmitted after the tariff time change. 

· Time: With the time base services the SGSN is instructed to report to the gsmSCF the time duration which a PDP Context has been active. The gsmSCF may then provide further instructions to the SGSN on what actions to take for the PDP Context. Specific instructions can be Continue with no change, a new time interval or release the PDP Session. 

· Volume: The gsmSCF instructs the SGSN to monitor the total uplink/downlink budget for a given PDP Context. Similar to the time based services the SGSN will then generate a report to the gsmSCF when the allocated budget has been reached and waits for further instructions. It is the responsibility of the user plane to track the CAMEL data volume counts for a PDP Context and report to the control plane whenever the specified threshold has been reached.
2.3
Session Management impacts:

2.3.1
PDP Context Activation

Figure 1 shows the flow applicable to the PDP Context Activation. CAMEL DPs may modify the activation procedure in two places. 
First, if PDP Context Establishment DP is armed the gsmSCF may instruct the SGSN to perform volume based charging activities for the PDP Context. If this occurs at C1 the SGSN is able to provide the information to the user plane to start the CAMEL based charging activities.
Alternatively the gsmSCF may instruct the SGSN to start volume based charging activities at point C2 if the DP for PDP Context Establishment Acknowledge is armed. This is after the SGSN as ready sent both the Create PDP Context Request and Update PDP Context Request to the GGSN. Step 8 in the flow is optional and occurs if the RAN has downgraded the QoS which has to be sent to the GGSN for further QoS negotiation. If the PDP Context Establishment Acknowledge DP is armed the final negotiated QoS is sent to the gsmSCF. The gsmSCF may provide new volume charging thresholds to the SGSN which requires new messaging to send to the user plane.

[image: image1]
Figure 1: PDP Context Activation

2.3.2
PDP Context Modification

Figure 2 shows the flow diagram for the MS initiated PDP Context modification. If the Change of Quality of Service DP is armed the gsmSCF may instruct the SGSN to start volume based charging activities for the PDP Context. In the current flow this is after the SGSN has completed all messaging to the GGSN.


[image: image2]
Figure 2: MS Initiated PDP Context Modification
2.3.3
PDP Context Deactivation

The CAMEL procedures for the Deactivation sequence occurs before sending the Delete PDP Context Request to the GGSN. If the PDP Context Disconnection DP is armed the SGSN is required to send the total volume (uplink and downlink) counts transmitted for the PDP Context to the gsmSCF. In the One Tunnel approach the cSGSN needs to retrieve the current CAMEL volume based charging counts from the xGGSN during .

[image: image3]
Figure 3: MS Initiated PDP Context Modification

Similar changes are required for the GGSN and SGSN Initiated PDP Context Modification Procedures.

2.4 Mobility Management

2.4.1 
Location Management
Figure 4 shows the inter SGSN routing area update procedure. There are two points in the flow requiring interactions with the gsmSCF, the first occurs on the oldSgsn. If the PDP Context Disconnection DP is armed the oldSgsn is required to send the current volume counts for charging to the gsmSCF. A new message is required retrieve the volume counts from the xGGSN.
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If the Change of Position DP is armed the new SGSN may be required to activate CAMEL volume based charging during inter SGSN Routing Area Updates. This currently occurs after the SGSN has sent out the RAU Accept to the UE therefore a new message is required.
2.4.2 SRNS Relocation

The SRNS procedure is shown in figure 5. A new message is required on the oldSgsn to retrieve the current volume counts to send to the gsmSCF.

[image: image5]
Figure 5: SRNS Relocation Procedure
2.4.3
SRNS Relocation Cancel

The SRNS Relocation Cancel procedure is shown in figure 6. New messaging is required to resume the CAMEL volume based charging.

[image: image6]
Figure 6: SRNS Relocation Cancel Procedure

2.5
Tariff Time Change
If the CAMEL Tariff service is enabled the SGSN is required to monitor and report the data volume counts transmitted to/from the mobile for each active PDP Context after the expiry of Tariff time . A new procedure is required on the Gn interface to retrieve volume data counts from the user plane. When the SGSN detects a CAMEL tariff time event as occurred for a PDP Context it will send a CAMEL Charging Report Request to the user plane. The CAMEL Charging Report Response will contain the total volume counts transmitted on the bearer associated with the PDP Context. The SGSN will store the counts which will be transferred to the gsmSCF during the next reporting event (time or volume).

2.6
Volume:

If CAMEL volume based services is enabled for a PDP Context the SGSN will communicate the volume thresholds to the user plane during the PDP Context Activation procedure. The Create PDP Context Request is enhanced to include the data volume reporting threshold. The SGSN will then contact the gsmSCF for further instructions and the result will be returned to the GGSN. 
2.7
Subscription Management

Whenever the GPRS subscription data is changed for a GPRS subscriber in the HLR, and the changes affect the GPRS subscription data stored in the SGSN, the SGSN may be informed by the use of the following procedures:
· Insert Subscriber Data procedure, used to add or modify GPRS subscription data in the SGSN; or Delete Subscriber Data procedure, used to remove PS subscription data in the SGSN

· Delete Subscriber Data procedure, used to remove GPRS subscription data from the SGSN.

In the case CAMEL Subscription Information (CSI) is removed the SGSN shall deactivate the volume based charging activities for all PDP Context currently using the DP. A new procedure is required to deactivate the volume based threshold monitoring in the user plane.
3
Conclusion:

The impact of the One Tunnel approach on CAMEL services requires the addition of new parameters to several existing messages as well as new procedure on the Gn Interface for scenarios such as SRNS.

This paper does not consider moving the CAMEL interface to the xGGSN since it does not satisfy the objective to interwork with pre-Rel-7 networks. Additionally there is a dependency between the UE and the PDP Context procedures. Separating the control responsibility into two different nodes might introduce the complexity without and significant gains. 
Allowing CAMEL to remain on the cSGSN provides the following benefits:

· Existing CAMEL interfaces on SGSN remain unchanged and satisfies one of the key points raised in SA2#50 document S2-060545:

The resulting system architecture shall be fully interoperable with pre-Rel-7 nodes and it should retain the existing network capabilities, or those that cannot be delivered need to be clearly document.

· No changes to CAMEL infrastructure are required to deploy GPRS one tunnel.

· There exists a coupling between the Mobility and PDP Context functionality of the CAMEL services
4
Proposal

The following is proposed to be included in the One Tunnel TR.

----------------------------------------------------------------start of first change-------------------------------------------------------
6.4 
Gn Interface
· A CAMEL volume threshold IE is introduced to activate data volume limits for a CAMEL subscriber.

· Create PDP Context Request is modified to include new CAMEL volume threshold IE during PDP Context Activation.
· Apply Charging Request is introduced to allow the cSGSN to activate CAMEL charging data for an active PDP session

· A new CAMEL Deactivate Charging Request is introduced to allow the xGGSN to stop CAMEL volume based procedures on the Bearer resource.

· CAMEL Charging Report Request is introduced to .allow the cSGSN to request CAMEL volume data from the xGGSN for a an active PDP Session.
· CAMEL Charging Report is introduced to allow the xGGSN to report CAMEL volume thresholds for a PDP Context.

· The Delete PDP Context Response is modified to include a new IE to report volume counts for a PDP Context with CAMEL volume based charging enabled.

· The Delete PDP Context Request is modified to include a new IE to report volume counts for a PDP Context with CAMEL volume based charging enabled. This is required for the GGSN Initiated PDP Context Modification Procedure.
-------------------------------------------------------------end of first change---------------------------------------------------------
------------------------------------------------------------start of second change------------------------------------------------------
7 
Impacts to Mobility Management Functionality

7.1 Location Management
7.1.1
Routing Area Update procedure


[image: image7]
Figure xx: Routing Area Update Procedure
2.x)
The old cSGSN may send the CAMEL Charging Report to the xGGSN for each PDP Context with CAMEL volume service enabled.
18a)
The new cSGSN may send the Apply Charging Request for every PDP Context when instructed by the gsmSCF.

7.2
Serving RNS Relocation Procedures
7.2.1
Serving SRNS Relocation Procedure

[image: image8]
Figure xx: SRNS Relocation Procedure

5a)
The old cSGSN may send the CAMEL Charging Report Request to the xGGSN to retrieve CAMEL volume counts. The xGGSN will respond with the CAMEL Charging Report.
7.2.2
SRNS Relocation Cancel Procedure


[image: image9]
Figure xx: SRNS Relocation Cancel Procedure

2x) The old cSGSN may send the Apply Charging Request to the xGGSN to re-send the CAMEL volume threshold.
-----------------------------------------------------end of second change------------------------------------------------------
---------------------------------------------------------start of third change------------------------------------------------------
8 Session Management
For simplicity only those steps affected by the One Tunnel approach will be described.

8.1
Activation Procedures

8.1.1
PDP Context Activation
The PDP Context Activation is illustrated in figure xx. The s  

[image: image10]
Figure xx: Activate PDP Context Procedure
4)
The SGSN validates the Activate PDP Context Request using PDP Type (optional), PDP Address (optional), and Access Point Name (optional) provided by the MS and the PDP context subscription records. The validation criteria, the APN selection criteria, and the mapping from APN to a GGSN are described in annex A.


If no GGSN address can be derived or if the SGSN has determined that the Activate PDP Context Request is not valid according to the rules described in annex A, the SGSN rejects the PDP context activation request.


If a GGSN address can be derived, the SGSN creates a TEID for the requested PDP context. If the MS requests a dynamic address, the SGSN lets a GGSN allocate the dynamic address. The SGSN may restrict the requested QoS attributes given its capabilities and the current load, and it shall restrict the requested QoS attributes according to the subscribed QoS profile.


The SGSN sends a Create PDP Context Request (PDP Type, PDP Address, Access Point Name, QoS Negotiated, TEID, NSAPI, MSISDN, Selection Mode, Charging Characteristics, Trace Reference, Trace Type, Trigger Id, OMC Identity, Protocol Configuration Options, serving network identity, Maximum APN Restriction IMEISV, CGI/SAI, RAT type, S-CDR CAMEL information, CAMEL volume threshold) message to the affected GGSN. The SGSN shall send the serving network identity to the GGSN. Access Point Name shall be the APN Network Identifier of the APN selected according to the procedure described in Annex A. PDP Address shall be empty if a dynamic address is requested. The GGSN may use Access Point Name to find a packet data network and optionally to activate a service for this APN. Selection Mode indicates whether a subscribed APN was selected, or whether a non-subscribed APN sent by an MS or a non-subscribed APN chosen by the SGSN was selected. Selection Mode is set according to Annex A. The GGSN may use Selection Mode when deciding whether to accept or reject the PDP context activation. For example, if an APN requires subscription, the GGSN is configured to accept only the PDP context activation that requests a subscribed APN as indicated by the SGSN with Selection Mode. Charging Characteristics indicates which kind of charging the PDP context is liable for. The charging characteristics on the GPRS subscription and individually subscribed APNs as well as the way the SGSN handles Charging Characteristics and chooses to send them or not to the GGSN is defined in TS 32.215 [70]. The SGSN shall include Trace Reference, Trace Type, Trigger Id, and OMC Identity if GGSN trace is activated. The SGSN shall copy Trace Reference, Trace Type, and OMC Identity from the trace information received from the HLR or OMC. The Maximum APN Restriction denotes the most stringent restriction as required by any already active PDP contexts. If there are no already active PDP contexts, this value is set to the least restrictive type (see subclause 15.4). If the GGSN receives the Maximum APN Restriction, then the GGSN shall check if the Maximum APN Restriction value does not conflict with the APN Restriction value associated with this PDP context request. If there is no conflict the request shall be allowed, otherwise the request shall be rejected with the SGSN sending a PDP Context Activation Reject Message to the MS including an appropriate error cause. The CAMEL volume counts instructs the xGGSN to monitor the uplink and downlink packet counts for the PDP Context. The xGGSN will initiate the CAMEL Charging Report procedure when the threshold has been reached.

The GGSN creates a new entry in its PDP context table and generates a Charging Id. The new entry allows the GGSN to route PDP PDUs between the SGSN and the packet data network, and to start charging. The way the GGSN handles Charging Characteristics that it may have received from the SGSN is defined in TS 32.215 [70]. The GGSN may restrict QoS Negotiated given its capabilities and the current load. The GGSN then returns a Create PDP Context Response (TEID, PDP Address, Protocol Configuration Options, QoS Negotiated, Charging Id, Prohibit Payload Compression, APN Restriction, Cause) message to the SGSN. The Prohibit Payload Compression indicates that the SGSN should negotiate no data compression for this PDP context. PDP Address is included if the GGSN allocated a PDP address. If the GGSN has been configured by the operator to use External PDN Address Allocation for the requested APN, PDP Address shall be set to 0.0.0.0, indicating that the PDP address shall be negotiated by the MS with the external PDN after completion of the PDP Context Activation procedure. The GGSN shall relay, modify and monitor these negotiations as long as the PDP context is in ACTIVE state, and use the GGSN-Initiated PDP Context Modification procedure to transfer the currently used PDP address to the SGSN and the MS. Protocol Configuration Options contain optional PDP parameters that the GGSN may transfer to the MS. These optional PDP parameters may be requested by the MS in the Activate PDP Context Request message, or may be sent unsolicited by the GGSN. Protocol Configuration Options is sent transparently through the SGSN. The Create PDP Context messages are sent over the backbone network.


If QoS Negotiated received from the SGSN is incompatible with the PDP context being activated, the GGSN rejects the Create PDP Context Request message. The GGSN operator configures the compatible QoS profiles.

If an APN Restriction is received from the GGSN for this PDP Context, then the SGSN shall store this value for the PDP Context and the SGSN shall check this received value with the stored value for the Maximum APN Restriction to ensure there are no conflicts between values. If the consequence of this check results in the PDP context being rejected, the SGSN shall initiate a PDP Context Deactivation and return an appropriate error cause. If the PDP Context is accepted, it shall determine a (new) value for the Maximum APN Restriction. If there is no previously stored value for Maximum APN Restriction, then the Maximum APN Restriction shall be set to the value of the received APN Restriction.
10)
The cSGSN may send the Apply Charging Request (CAMEL volume based threshold) to the xGGSN to initiate monitoring of CAMEL volume based services for the PDP Context

8.1.2
Secondary PDP Context Activation

[image: image11]
Figure xx: Activate Secondary PDP Context Procedure

3)
The SGSN validates the Activate Secondary PDP Context Request using the TI indicated by Linked TI. The same GGSN address is used by the SGSN as for the already-activated PDP context(s) for that TI and PDP address.


The SGSN may restrict the requested QoS attributes given its capabilities and the current load, and it shall restrict the requested QoS attributes according to the subscribed QoS profile, which represents the maximum QoS per PDP context to the associated APN. The GGSN may restrict and negotiate the requested QoS as specified in clause "PDP Context Activation Procedure". The SGSN sends a Create PDP Context Request (QoS Negotiated, TEID, NSAPI, Primary NSAPI, TFT, Protocol Configuration Options, serving network identity, IMEISV, CGI/SAI, RAT type, S-CDR CAMEL information, CAMEL volume threshold) message to the affected GGSN. The SGSN shall send the serving network identity to the GGSN. Primary NSAPI indicates the NSAPI value assigned to any one of the already activated PDP contexts for this PDP address and APN. TFT is included only if received in the Activate Secondary PDP Context Request message. Protocol Configuration Options is sent transparently through the SGSN if received in the Activate secondary PDP Context Request message.


The GGSN uses the same packet data network as used by the already-activated PDP context(s) for that PDP address, generates a new entry in its PDP context table, and stores the TFT. The new entry allows the GGSN to route PDP PDUs via different GTP tunnels between the SGSN and the packet data network. The GGSN returns a Create PDP Context Response (TEID, QoS Negotiated, Cause, Protocol Configuration Options, Prohibit Payload Compression, APN Restriction) message to the SGSN. Protocol Configuration Options may be used to transfer optional PDP parameters to the UE (see GSM 29.060 [26] and 24.229 [75]). The Prohibit Payload Compression indicates that the SGSN should negotiate no data compression for this PDP context. If an APN Restriction is received from the GGSN for this PDP Context, then the SGSN shall store this value for the PDP Context.
8)
The cSGSN may send the Apply Charging Request (CAMEL volume based threshold) to the xGGSN to initiate monitoring of CAMEL volume based services for the PDP Context

8.2
Modification Procedures

8.2.1
SGSN-Initiated PDP Context Modification Procedure


[image: image12]
Figure xx: SGSN Initiated PDP Context Modification

8)
The cSGSN may  the Apply Charging Request (CAMEL volume threshold) to the xGGSN to initiate monitoring of CAMEL volume based services for the PDP Context

8.2.2
GGSN-Initiated PDP Context Modification Procedure


[image: image13]
Figure xx: GGSN Initiated PDP Context Modification

6)
Upon receipt of the Modify PDP Context Accept message, upon completion of the RAB modification procedure or the completion of the CAMEL_GPRS_Change_Of_QoS procedure, the cSGSN returns an Update PDP Context Response (TEID, QoS Negotiated, CAMEL volume threshold) message to the xGGSN. If the cSGSN receives a Deactivate PDP Context Request message, it shall instead follow the PDP Context Deactivation Initiated by MS procedure.
8.2.3 
MS-Initiated PDP Context Modification Procedure


[image: image14]
Figure xx: MS Initiated PDP Context Modification

7)
The cSGSN may  the Apply Charging Request (CAMEL volume threshold) to the xGGSN to initiate monitoring of CAMEL volume based services for the PDP Context

8.3
Deactivation Procedures
8.3.1
MS-Initiated Context Deactivation Procedure


[image: image15]
Figure xx: MS Initiated PDP Context Deactivation Procedure

3)
The SGSN sends a Delete PDP Context Request (TEID, NSAPI, Teardown Ind) message to the GGSN. If the MS in the Deactivate PDP Context Request message included Teardown Ind, then the SGSN deactivates all PDP contexts associated with this PDP address by including Teardown Ind in the Delete PDP Context Request message. The GGSN removes the PDP context(s) and returns a Delete PDP Context Response (TEID, CAMEL volume threshold counts) message to the SGSN. If the MS was using a dynamic PDP address allocated by the GGSN, and if the context being deactivated is the last PDP context associated with this PDP address, then the GGSN releases this PDP address and makes it available for subsequent activation by other MSs. The Delete PDP Context messages are sent over the backbone network.

8.3.2
SGSN-initiated PDP Context Deactivation Procedure


[image: image16]
Figure xx: SGSN initiated PDP Context Deactivation Procedure

1)
The SGSN sends a Delete PDP Context Request (TEID, NSAPI, Teardown Ind) message to the GGSN. If Teardown Ind is included by the SGSN, the GGSN deactivates all PDP contexts associated with this PDP address. The GGSN removes the PDP context and returns a Delete PDP Context Response (TEID, CAMEL volume threshold counts) message to the SGSN. If the MS was using a dynamic PDP address allocated by the GGSN, and if the context being deactivated is the last PDP context associated with this PDP address, the GGSN releases this PDP address and makes it available for subsequent activation by other MSs. The Delete PDP Context messages are sent over the backbone network. The SGSN may not wait for the response from the GGSN before sending the Deactivate PDP Context Request message.
8.3.3 GGSN Initiated PDP Context Deactivation


[image: image17]
Figure xx: GGSN Initiated PDP Context Deactivation Procedure
1)
The GGSN sends a Delete PDP Context Request (TEID, NSAPI, Teardown Ind, CAMEL volume threshold counts) message to the SGSN. Teardown Ind indicates whether or not all PDP contexts associated with this PDP address shall be deactivated.
---------------------------------------------------------end of third change----------------------------------------------------------
-----------------------------------------------------------start of fourth change---------------------------------------------------------

9.2 
CAMEL

CAMEL may be used by operators for session and cost control or alternatively to provide online charging in the SGSN. In online charging is the network resource usage is collected concurrently with that resource usage.  Authorization for the network resource usage must be obtained by the network prior to the actual resource usage to occur. Charging information can affect in real-time, the service rendered and therefore a direct interaction of the charging mechanism with the control of network resource usage is required. The SGSN interacts with the CAMEL Service Engine (CSE) using detection points invoked during various GPRS Mobility Management and Session Management procedures.

Operators may also used CAMEL for session and cost control.
9.2.1 
Detection Points
CAMEL is event based architecture with procedures defined in the cSGSN and gsmSCF. Events are characterized by detection points which may either be statically provisioned in the HLR or dynamically activated via the use of CAMEL procedures.

Three different types of DPs are identified:

-
Trigger Detection Point-Request (TDP‑R): This detection point is statically armed and may initiate a CAMEL control relationship. This CAMEL control relationship is within a new GPRS dialogue. When the GPRS event is encountered and reported, processing is suspended.

-
Event Detection Point- Request (EDP‑R): This detection point is dynamically armed within the context of a CAMEL control relationship. When the GPRS event is encountered, and reported, processing is suspended and the gprsSSF waits for instructions from the gsmSCF.

-
Event Detection Point-Notification (EDP‑N): This detection point is dynamically armed within the context of a CAMEL control relationship. When the GPRS event is encountered and reported, processing is not suspended.
DPs may be associated with either a specific UE and/or PDP context. UE based CAMEL services are not impacted by One Tunnel and will remain the responsibility of the cSGSN.

From the perspective of PDP Context on the cSGSN, statically armed CAMEL services are received in the Insert Subscriber Data message from the HLR during the Attach or Inter SGSN Routing Area Update (IRAU) procedures. The GSM Service Control Function (gsmSCF) may also dynamically arm events using CAMEL service procedures associated with the UE or a specific PDP Context.

9.2.1.1
UE Specific DP

Table 1 lists the CAMEL DP for a UE on the cSGSN. The last column shows the PDP Context DPs which may be dynamically armed during the Attach or IRAU procedures.

	CAMEL Detection Point
	DP Type
	Description
	Dynamic arming of subsequent DP for PDP Context

	DP Attach
	TDP‑R
	A request to attach is received.
	· PDP Context Establishment

· PDP Context Establishment Acknowledgement

· PDP deactivation

	DP Change of Position GPRS Session
	TDP‑R1), EDP‑N
	Routeing Area Update is accepted.
	· PDP Context Establishment

· PDP Context Establishment Acknowledgement

· PDP deactivation

· Change of position (PDP Context)

	DP Detach
	EDP‑N, EDP‑R
	A detach request is received either from the MS, the SGSN or a 'Cancel Location' received from HLR or Inter SGSN Routeing update occurred in the old SGSN.
	


Table xx: CAMEL UE Detection Points
9.2.1.2
PDP Context DP
Table 1 list the CAMEL procedures applicable to the cSGSN for PDP context along with their detection points. A given CAMEL procedure can dynamically arm other subsequent event/procedures which is shown in the last column. 

	CAMEL Detection Point
	DP Type
	SGSN trigger
	Dynamic arming of subsequent DP for PDP Context

	DP PDP Context Establishment
	TDP‑R,, EDP‑R, EDP‑N
	Activate PDP Context request is received from the MS.
	· PDP Context Establishment Acknowledgement

· Change of Position (PDP Context)

· PDP Deactivation

	DP PDP Context Establishment Acknowledgement
	TDP‑R, EDP‑R, EDP‑N
	Create PDP Context response is received from the GGSN.
	Change of position (PDP Context)

PDP deactivation

	DP PDP Context Disconnection
	EDP‑N, EDP‑R
	· Deactivate PDP Context Request is received from the MS

· Delete PDP Context request is received from the GGSN. 

· Inter SGSN Routeing update occurred in old SGSN.
	

	DP Change of Position Context
	TDP‑R, EDP‑N, EDP‑R
	Routeing Area Update is accepted.
	· PDP Context Establishment

· PDP Context Establishment Acknowledgement

· PDP deactivation

· Change of position (PDP Context)

	Change of Quality of Service
	
	PDP Context Modification Procedure completion
	· PDP deactivation

· Change of Position (PDP Context)


Table xx: CAMEL PDP Context Detection Point
9.2.2
CAMEL Services associated with PDP Context

CAMEL services may be activated on the cSGSN to collect data for a PDP Context based on:

· Tariff: Tariff based CAMEL services allows Operator the ability to perform variable rate charging for a PDP Context. When instructed by the gsmSCF the cSGSN collects volume information transmitted to/from UE after a specified Tariff time interval. During the normal reporting interval (time or volume) the cSGSN reports the total data volume transmitted after the tariff time change. 

· Time: With the time base services the cSGSN is instructed to report to the gsmSCF the time duration which a PDP Context has been active. The gsmSCF may then provide further instructions to the cSGSN on what actions to take for the PDP Context. Specific instructions can be Continue with no change, a new time interval or release the PDP Session. Time based CAMEL will remain the responsibility of the cSGSN.

· Volume: The gsmSCF instructs the cSGSN to monitor the total uplink/downlink budget for a given PDP Context. Similar to the time based services the SGSN will then generate a report to the gsmSCF when the allocated budget has been reached and waits for further instructions. It is the responsibility of the user plane to track the CAMEL data volume counts for a PDP Context and report to the control plane whenever the specified threshold has been reached.
9.2.3
Tariff Time Change
If the CAMEL Tariff is enabled the SGSN is required to collect and keep track of data volume counts transmitted to/from the mobile after the Tariff time. This requires an interaction between the control and user plane.

Figure xx show a procedure to retrieve volume data counts from the xGGSN. When the cSGSN detects a CAMEL tariff time event as occurred for a PDP Context it will send a CAMEL Charging Report Request to the xGGSN. The CAMEL Charging Report Response will contain the total volume counts transmitted on the bearer associated with the PDP Context. The cSGSN will store the counts which will be transferred to the gsmSCF during the next reporting event (time or volume).

[image: image18]
Figure xx: CAMEL Charging Report Request Procedure

1)
Upon expiry of the Tariff Time the cSGSN sends a CAMEL Charging Report Request to the xGGSN
2) 
The xGGSN responds with the CAMEL Charging Report Response with the current volume counts for the PDP Context

9.2.4
Volume:

Volume based reporting is handled by the xGGSN and the appropriate thresholds will be communicated to the xGGSN during the PDP Context Activation procedure. A new procedure CAMEL Charging Report is introduced for the xGGSN to report the current data volume whenever the Bearer resource associated with a CAMEL PDP Context has reached the volume threshold. The cSGSN will then contact the gsmSCF for further instructions and the result will be returned to the xGGSN.

[image: image19]
Figure xx: CAMEL Charging Report Procedure

1)
The xGGSN detects that the threshold given by the gsmSCF expires. The xGGSN creates a CAMEL Charging Report Request message and send it to the cSGSN.

2)
The cSGSN sends the Apply Charging Report message to the gsmSCF. The gsmSCF evaluates the request and answers with new budget (2a) or acknowledges returned budget (2b).

3)
The cSGSN forwards the response received from the gsmSCF to the xGGSN.
----------------------------------------------------------------end of fourth change----------------------------------------------------
---------------------------------------------------------------start of fifth change -------------------------------------------------------
9.8 
Subscriber Management Function

Whenever the GPRS subscription data is changed for a GPRS subscriber in the HLR, and the changes affect the GPRS subscription data stored in the SGSN, the SGSN may be informed by the use of the following procedures:

· Insert Subscriber Data procedure, used to add or modify GPRS subscription data in the SGSN; or Delete Subscriber Data procedure, used to remove PS subscription data in the SGSN

· Delete Subscriber Data procedure, used to remove GPRS subscription data from the SGSN.

In the case CAMEL Subscription Information (CSI) is removed the SGSN shall deactivate the volume based charging activities for all PDP Context currently using the DP. A new procedure is required to deactivate the volume based threshold monitoring in the user plane.


[image: image20]
Table xx: CAMEL Deactivate Charging Procedure.

--------------------------------------------------------end of fifth change-------------------------------------------------------------
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