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Introduction

This contribution summarises Charging and QoS Mechanisms dependant upon SIP callflows by providing Excerpts from relevant specifications. Corresponding updates the Reference Callflow in Annex D of the TR (in the version of N3-020963) are suggested.

Excerpts from TS 23.815

5.2.2
Charging Correlation Principles

To support the correlation of charging information, the following principles apply to both offline and online charging:

1)
The correlation of charging information for an IMS session is based on the use of IMS Charging Identifiers. 

2)
The first IMS network entity within the SIP signalling path is responsible for assigning an ICID. This ICID shall then be passed along the whole SIP signalling path in an end-to-end manner. However, this shall not preclude further elements (CSCFs) along the session path generating additional identifiers to be passed along. When the AS is the initiator of the session, the AS is responsible for assigning  the ICID.

3)
The ICID is passed to all IMS network entities in the SIP signalling path. This is performed using SIP signalling. 

4)
For the charging correlation between the PS domain and the IMS, one or more GPRS Charging IDs, which identify the PDP contexts of the session [7], are passed from the PS domain to the IMS. More specifically, these identifiers need to be transferred from the GGSN to the P-CSCF.
Also, the P-CSCF passes the ICID to the GGSN. The ICID is not passed to the SGSN

5)
The GPRS Charging IDs (GCIDs) and GGSN Address are passed by the P-CSCF to the S-CSCF and the AS using SIP signalling. Along with the ICID, the S-CSCF passes the GCIDs and GGSN address to on-line and off-line charging functions. The GCIDs and GGSN address are not transferred from one Home IMS (e.g. of the A-Party) to another Home IMS (e.g. the one of the B-Party).

6)
The ICID applies for the duration of the event with which it is associated. For example, and ICID assigned for registration is valid for all registration-related charging procedures until a de-registration occurs, an ICID assigned for session establishment is valid until session termination, etc.

7)
The charging correlation identifiers (ICIDs, GCIDs) shall not be passed to the UE. They may however be passed to a content server connected as an endpoint. 

7.1.2
Session Establishment – Mobile Origination

On receipt of an Invite from the UE, the P-CSCF generates an ICID and inserts it in the forwarded Invite. The S-CSCF keeps the generated ICID and includes it in any CDRs related to this session. The ICID may be captured and used by any IMS entities on the signaling path, including the calling and called networks. The originating home S-CSCF and other desired entities will include this ICID in CDRs associated with this session.

If the UE activates/modifies one or more PDP contexts for session bearers, a GCIDs and GGSN Address are generated by the GGSN for each context activated/modified and is passed to the P-CSCF. The P-CSCF will include this information in the next SIP message to the S-CSCF. The S-CSCF will keep it for inclusion, along with the associated ICID, and pass this information in any subsequent CDRs or in On-line charging data exchanges with the Online Charging System related to this session.

This flow shows the use of charging IDs in a mobile originated session initiation operation. The SGSN, I-CSCF and HSS are not shown to simplify the flows.


[image: image1.wmf]1. Invite

P-CSCF

GGSN

UE

14. Success

2. Invite ICID)

10. Activate PDP

S-CSCF

CGF

Charging

Functions

5. Invite (ICID, IOI)

12. CDR (GCID)

16. Success

Visited or Home

Home

3. Service Control

7. 183 Resp

8. 183 Response

15. Success (GCID)

6. 183 Response

11. Activate PDP Resp.

18. Session Initiation Continues

9. Session Initiation Continues

4. Pass ICID

17. Pass GCID

13. Pass GCID


Figure 7.2: Charging information distribution and use at SIP mobile origination

1)
The UE sends an Invite message via the P-CSCF.

2)
The P-CSCF generates an IMS Charging ID for this session. The P-CSCF forwards the Invite to the S-CSCF. 

3)
If Service Control is performed for this session, the S-CSCF interacts with the AS and passes the ICID. 

4)
The ICID is passed from the S-CSCF to the Charging Functions. How and at what time this information is transferred is subject to Stage-3 design.

5)
The Invite is forwarded from the S-CSCF toward the called party. This includes the ICID and the IOI.

6)
The 183 Response is received from the called direction. This may or may not still contain the ICID and it may contain an IOI from the called party network.

7)
The 183 Response is forwarded to the P-CSCF.

8)
The 183 Response is forwarded to the UE without the ICID.

9)
The session initiation continues. 

10)
After sending the Final SDP message, the UE activates/modifies one or more PDP contexts for session bearers. 

11)
The GPRS subsystem responds for each activation/modification.

12)
Sometime after activating/modifying the PDP context, the GGSN sends a CDR(s) to the CGF with the GCID(s).

13)
The GCIDs and the GGSN Address are passed from the GGSN to the P-CSCF. How and at what time this information is transferred is subject to stage-3 design.

14)
The UE sends the SIP resource reservation success indication to the P-CSCF.

15)
The P-CSCF forwards the Success message to the S-CSCF including the GCID(s) for this session.

16)
The S-CSCF records the GCID(s) for use for this session. The S-CSCF then forwards the resource reservation success indication.

17)
The GCIDs and the GGSN Address are passed from the S-CSCF to the Charging Functions. How and at what time this information is transferred is subject to Stage-3 design.

18)
The session initiation continues as usual.

7.1.3
Session Establishment – Mobile Termination

On receipt of an Invite from an MGCF or from another IMS or IP endpoint, the first IMS network element will generate an ICID and insert it in the forwarded Invite. If the Invite already contains an ICID assigned by the calling network, the called network may add additional local charging identifier information as necessary. 

The ICID is received by the P-CSCF, which removes it from the Invite and keeps it for inclusion in any CDRs related to this session. 

If the UE activates/modifies one or more PDP contexts for session bearers, a GPRS Charging ID and GGSN Address are generated by the GGSN for each context activated/modified and is passed to the P-CSCF. The P-CSCF will include this information in the next SIP message to the S-CSCF. The S-CSCF will keep it for inclusion, along with the associated ICID, in any subsequent CDRs related to this session.

This flow shows the use of charging IDs in SIP mobile terminated session initiation operation. The SGSN, I-CSCF and HSS are not shown to simplify the flow.
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Figure 7.3: Charging information distribution and use at SIP mobile termination

1)
An Invite arrives at the network of the called party. If the invite conatins an ICID, this is used (perhaps augmented with additional local network data). Otherwise the first IMS entity in the called network generates the ICID.

2)
If terminating services are invoked, the ICID would be passed to the AS at this time.

3)
The ICID is passed from the S-CSCF to the Charging Functions. How and at what time this information is transferred is subject to stage-3 design.

4)
The S-CSCF forwards the Invite to the P-CSCF including the ICID.

5)
The P-CSCF forwards the Invite to the UE without the ICID.

6)
Session initiation continues as usual.

7)
After receiving a resource reservation successful indication from the other end, the UE activates/modifies PDP contexts as necessary for session bearers.

8)
The GPRS subsystem returns a successful response.

9)
Sometime after activating/modifying the PDP context, the GGSN sends a CDR(s) to the CGF with the GCID.

10)
The GCIDs and the GGSN Address are passed from the GGSN to the P-CSCF. How and at what time this information is transferred is subject to stage-3 design.

11)
Continuing session establishment, the UE sends a ringing indication to the P-CSCF.

12)
The P-CSCF forwards the Ringing indication toward the S-CSCF with the GPRS Charging ID(s) and GGSN Address included.

13)
The S-CSCF forwards the Ringing indication on without the GCID.

14)
The GCIDs and the GGSN Address is passed from the S-CSCF to the Charging Functions. How and at what time this information is transferred is subject to stage-3 design.

15)
The session initiation continues as usual.

Excerpts from TS 32.225

5.1.2.1.1.1
Session Establishment - Mobile Origination

Figure 5.1 shows the Diameter transactions that are required between CSCF and CCF during session establishment originated by a UE.
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Figure 5.1: Message Sequence Chart for Session Establishment (Mobile Origination)

1.
The session is initiated.

2.
The destination party answers and a final response is received.

3.
Upon reception of the final response, the S-CSCF sends an Accounting-Request with
Accounting-Record-Type indicating START_RECORD to record start of a user session and start of a media component in the S-CSCF CDR.

4.
The CCF acknowledges the reception of the data and opens a S-CSCF CDR.

5.
Same as 3, but for P-CSCF.

6.
Same as 4, but creating a P-CSCF CDR.

5.1.2.1.1.2
Session Establishment - Mobile Termination

Figure 5.2 shows the Diameter transactions that are required between CSCF and CCF during a session establishment that is terminated to a mobile. The I-CSCF is only involved in the INVITE transaction.
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Figure 5.2: Message Sequence Chart for Session Establishment (Mobile Termination) 

1.
The session is initiated.

2.
Upon completing a Cx query the I-CSCF sends an Accounting Request with the
Accounting-Record-Type set to EVENT.

3.
The CCF acknowledges the data received and creates an I-CSCF CDR.

4.
The destination party answers and a final response is sent.

5. - 8.
These steps are identical to the corresponding steps described in subclause 5.1.2.1.1.1.

5.1.2.1.1.3
Mid-Session Procedures

Figure 5.3 shows the Diameter transactions that are required between CSCF and CCF when a UE generates a re-invite in mid-session, e.g. in order to modify media component(s), or when the hold and resume procedure is executed.


[image: image5.wmf] 

1.

 

INVITE

 

(Re

-

Invite)

 

UE

 

P

-

CSCF

 

S

-

CSCF

 

CCF

 

(visited)

 

Visited Network

 

CCF

 

(home)

 

Home Network

 

Service Control

 

2. 200 OK (Re

-

Invite)

 

3. Accounting Request [Interim]

 

4. Accounting Answer

 

Update the S

-

CSCF

 CDR

 

2. 200 OK (Re

-

Invite)

 

5. Accounting Request [Interim]

 

6. Accounting Answer

 

Update the P

-

CSCF CDR

 

2. 200 OK (Re

-

Invite)

 

1.

 

INVITE

 

(Re

-

Invite)

 

Service Control

 

1.

 

INVITE

 

(Re

-

Invite)

 

SIP Session continues

 

SIP Session ongoing

 

More SIP signalling

 


Figure 5.3: Message Sequence Chart for Media Modification

1.
Modified media information is received from the subscriber.

2.
The destination party acknowledges the media modification.

3.
At modification of a media, the S-CSCF sends Accounting-Request with Accounting-Record-Type indicating INTERIM_RECORD to record modification of a media component in the S-CSCF CDR.

4.
The CCF acknowledges the reception of the data and updates the S-CSCF CDR.

5.
Same as 3, but for P-CSCF.

6.
Same as 4, updating the P-CSCF CDR.

Excerpts from TS 29.208

4
Authorize QoS resources

4.1
Authorize QoS resources at originating PCF

This clause covers the Authorize QoS resources procedure at the originating PCF.
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1.
The P-CSCF(PCF) gets the SDP parameters defined by the originator and identifies the connection information needed (IP address of the down link media flow, media ports to be used etc…).

2.
The P-CSCF(PCF) gets the negotiated SDP parameters from the terminating side through SIP signalling interaction. The P-CSCF(PCF) identifies the connection information needed (IP address of the up-link media flow, media ports to be used etc…).

3.
The P-CSCF(PCF) uses the SDP parameters in order to define the QoS resource authorisation. The PCF authorises every media component negotiated for the session. The authorization shall be expressed in terms of IP QoS parameters. An authorization token is generated by the PCF and sent to the UE.

Figure 4.1: Authorize QoS resources at originating PCF

4.2
Authorize QoS resources at terminating PCF

This clause covers the Authorize QoS resources procedure at the terminating PCF.
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1.
The P-CSCF(PCF) gets the SDP parameters defined by the originator and identifies the connection information needed (IP address of the up-link media flow, media ports to be used etc…). An authorization token is generated by the PCF and sent to the UE.

2.
The P-CSCF(PCF) receives the negotiated SDP parameters from the UE. The P-CSCF(PCF) identifies the connection information needed (IP address of the down-link media flow, media ports to be used etc…).

3.
The P-CSCF(PCF) uses the SDP parameters in order to define the QoS resource authorisation. The PCF authorises every media component negotiated for the session. The authorization shall be expressed in terms of IP QoS parameters.

Figure 4.2: Authorize QoS resources at terminating PCF

5
Resource reservation flow with Service-based local policy

This clause describes a resource reservation flow with service based local policy. The service based local policy is done via exchange of information through the Go interface. The Go interface allows the service based local policy and QoS interworking information to be requested by the GGSN from a PCF.
The figure 5.1 presents the "Resource Reservation" procedure at PDP context activation to both the Mobile Originating (MO) side and Mobile Terminating (MT) side.
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Figure 5.1: Resource reservation flow with service based local policy

1. Mapping from SDP to UMTS QoS parameters

The UE uses the SDP parameters in order to define the UMTS QoS parameter needed to request a PDP context. The QoS parameter mapping mechanism is described in clause 7.2.
2. GPRS: Activate PDP Context Request (UE to SGSN)

The UE sends an Activate PDP Context Request message to the SGSN with the UMTS QoS parameters The UE shall include binding information in the PDP context activation messages to associate the PDP context bearer with policy information. The authorization token is sent by the P-CSCF to the UE during SIP signalling.

3. GPRS: Create PDP Context Request (SGSN to GGSN)

The SGSN carries out the procedures identified in 3GPP TS 23.060 [4] related to the PDP context activation.
4. COPS: REQ (GGSN to PCF)

The GGSN receives the PDP context activation request with the binding information. The GGSN uses the authorisation token in order to localise the PCF. The GGSN sends a COPS REQ message to the PCF and includes the binding information.

5. Process Resource Request (PCF)

The PCF receives the information sent by the GGSN. The PCF identifies the multimedia session by using the binding information. The PCF performs an authorization decision.

6. COPS: DEC (PCF to GGSN)

The decision taken by the PCF is returned via the COPS DEC message. The DEC message includes the policy information to be used by the GGSN in order to perform the policy-based admission control.
7. Policy Enforcement (GGSN)

The GGSN enforces the PCF policy decision based on the received authorization information from the PCF for the media flows carried by the PDP context.
8. COPS: RPT (GGSN to PCF)

The GGSN sends COPS RPT message back to the PCF and reports its success or failure in carrying out the PCF decision.
9. GPRS: Create PDP Context Response (GGSN to SGSN)

The GGSN accepts the PDP context request based on the results of the authorisation policy decision enforcement. If the requested QoS parameters are not within the authorized QoS, the GGSN either rejects the PDP context activation request or downgrades the requested UMTS QoS parameters.
10. GPRS: Activate PDP Context Accept (SGSN to UE)

The SGSN sends an Activate PDP Context Accept message to the UE indicating that the PDP context has been activated and that the QoS requirements have been authorized successfully for both downlink and uplink.

6
Other flows over Go interface

6.1
Approval of QoS commit

Through Approval of QoS Commit the PCF makes a final decision to enable the allocated QoS resource for the authorized media stream if the QoS resources are not enable at the time they are authorized by the PCF.

The Approval of QoS Commit procedure is triggered by the P-CSCF receiving a 200 OK message.

The following figure is applicable to the Mobile Originating (MO) side and the Mobile Terminating (MT) side.
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1.
P-CSCF receives the 200 OK message.

2.
PCF approves the QoS Commit.

3.
PCF sends a COPS DEC message to the GGSN to open the ‘gate’ e.g., enable the use of the authorised QoS resources.

4.
GGSN receives the COPS DEC message and opens the ‘gate’ e.g., enables the use of the authorised QoS resources.

5.
GGSN sends a COPS RPT message back to the PCF.

6.
P-CSCF forwards the 200 OK message.

Figure 6.1: Approval of QoS Commit to both the Mobile Originating (MO) side
and the Mobile Terminating (MT) side

Discussion

The following critical dependencies have been identified. The listed steps have to be performed in the indicated order both for mobile originated and mobile terminated calls.

1. The P-CSCF stores information about authorised media learned from SDP offer-answer exchange

2. A UE set up a PDP context after SDP offer-answer exchange. User Plane data may only be transported after PDP context is set up.

3. While a PDP context is set up, the GGSN asks the PCF for a decision to authorise the media. The GGSN also sends the GPRS Charging ID to the PCF in this request.

4. The P-CSCF(PCF) sends the GPRS Charging ID to the S-CSCF in a suitable SIP message

5. The S-CSCF(PCF) sends the GPRS Charging ID to the charging system, which uses it to correlate IMS and GPRS charging.

6. The 200 OK(INVITE) SIP message triggers S-SCSF and P-CSCF to trigger the charging subsystem to start charging.

7. The 200 OK(INVITE) SIP message triggers P-CSCF(PCF) to open gates at GGSN. User Plane data may only be transported after gates are open.

Suggestions

Add References in end of this contribution to TR

Update Annex D of the TR as suggested below (updated Figure and changemarks):

Annex D:
Reference Callflow from 3GPP UA to 3GPP UA

The interworking between calling 3GPP UA and called  3GPP UA is as defined in 3GPP TS 24.229. No interworking issues exist, but the flow diagram is depicted here for comparison.

Notes: 

1. The message flow between the 3GPP UEs is depicted. 

2. SIP proxies are omitted with the exception of the P-CSCFs and the S-CSCFs, which are depicted in this callflow but will be omitted in most other callflows. 

3. The 100 TRYING response (2), (3), (4) to the INVITE message (1) is send hop-by-hop, as indicated in this flow diagram. It will be omitted in all subsequent flow diagrams for simplicity. All other messages are generated by the 3GPP UEs.

4. Most parts of the SIP messages are omitted for simplicity. Only the “require”, “supported” and “allowed” header fields are depicted.

5. Most parts of the SDP are omitted for simplicity. Only the SDP preconditions for one medium are depicted. There may be an arbitrary number of number of media, each with own preconditions 

6. The P-CSCF inspects each SDP, in order to identify offer/answer pairs [8]. The P-CSCF may modify the QoS authorisation (8,9) when processing each SDP answer.

7. The use of the “183 Session Progress” (7) provisional response is optional according to IETF specifications. However, if the SIP precondition extension [6] is used and SDP with mandatory preconditions that the called UA is not capable of meeting unilaterally is included in the initial INVITE (1), a 101-199 provisional response, such as the “183 Session Progress”, is required to transport the SDP answer including the mandated “confirmation status” SDP attribute (Ref. [6], Section 6). Moreover, the “180 Ringing” message is not suitable because the user should not be alerted until the preconditions are met.

8. It is optional to convey a new SDP offer/answer within the PRACK (11) and OK(PRACK) (12) messages. A calling 3GPP UA will refrain from generating a new SDP offer within PRACK (11), if it does not wish to further restrict the set of codecs selected within the first offer/answer pair.

9. According to IETF Ref. 6, Section 5, the called UA should start the resource reservation (13) immediately after having send the SDP answer within of the “183 Session Progress” (7) provisional response. However, a called 3GPP UA may expect a second SDP offer, and thus wait for the next message until starting resource reservation. The called 3GPP UA can be certain to receive an new message soon, since it demands the PRACK message with the “Require 100rel” SIP header within the “183 Session Progress” (7) provisional response.

10. The use of the “Update” Request (14) is optional according to IETF specifications [5], [7], unless certain conditions make it mandatory. In particular, if a threshold specified in a previous SDP “confirm-status” attribute (e.g. in message (7)) is reached or surpassed, the UA must send an SDP offer reflecting the new current status (Ref. [5], Section 7). The only suitable way to convey the new SDP offer/answer may be via an UPDATE request.

11. If the “UPDATE” (14) request is not used, the subsequent” OK(UPDATE)” (17) response is also not present.

12. The use of the “180 Ringing” provisional response (18) is optional according to IETF and 3GPP specifications. The “180 Ringing” provisional response is used to convey the GPRS charging ID from P-CSCF B to S-CSCF-B. If the “180 Ringing” provisional response is omitted, the GPRS Charging ID is transported within the “200 OK(INVITE)” (23) response.

13. The “UPDATE” (14) request is used to convey the GPRS charging ID from P-CSCF A to S-CSCF-A. [1]

14. According to TS 24.229 [3], the called 3GPP UA shall send the 200 (OK) response to the initial INVITE request only after the local resource reservation has been completed.
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Figure D/1: 3GPP UA to 3GPP UA Call flow 

The following critical dependencies have been identified. The listed steps have to be performed in the indicated order both for mobile originated and mobile terminated calls.

· The P-CSCF stores information about authorised media learned from SDP offer-answer exchange (8, 9)

· A UE set up a PDP context after SDP offer-answer exchange (10, 13). User Plane data may only be transported after PDP context is set up.
· While a PDP context is set up, the GGSN asks the P-CSCF(PCF) for a decision to authorise the media. The GGSN also sends the GPRS Charging ID to the PCF in this request. (10a, 13a)
· The P-CSCF(PCF) sends the GPRS Charging ID to the P-CSCF(S-CSCF) in a suitable SIP message (14,15,16 and 18,19,20)
· The S-CSCF(PCF) sends the GPRS Charging ID to the charging system, which uses it to correlate IMS and GPRS charging.(16,20)
· The 200 OK(INVITE) SIP message triggers S-SCSF and P-CSCF to trigger the charging subsystem to start charging. (23,24,26,27,28)
· The 200 OK(INVITE) SIP message triggers P-CSCF(PCF) to open gates at GGSN. (23,25,29). User Plane data may only be transported after gates are open.
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