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1.
Introduction

Some of the objectives in the WID “Study on IMS enhancements and optimisations for real time communication” include aspects to analyse the IMS session establishment procedures e.g. in order to reduce call establishment time for multimedia telephony, provide efficient interworking with other VoIP networks and identify stage 2 impacts due to multimedia telephony services.

This paper shortly discusses the existing Rel-6 session setup procedures (with the Rel-7 PCC architecture) and proposes a general flow to be used as basis for further discussions on where possible enhancements are possible.

2.
Discussion

TS 23.228 provide a number of different IMS session establishment flows intended for a wide range of different applications. Some of the flows in 23.228 are provided in the Annex of this contribution for reference. Recent communication with CT1 indicates that there are a number of different points in the session setup flow when a potential reservation of resources for the media could be triggered. Additional aspects e.g. interaction with PCC, interworking with other multimedia networks and with TISPAN clients etc needs to be considered.

To be able to agree on where potential enhancements and optimisations could be done we believe it would be beneficial to agree on some baseline flow for a normal IMS session setup for applications that require real time communication.

Chapter 5.5.2, 5.6.2 and 5.7.2 in 23.228 (see annex that includes a copy of the mentioned 23.228 flows) provides a set of flows for originating, terminating and serving-serving IMS session setup procedures, and chapter 5.7a.3 (see annex) provides an E2E flow. A merge of those flows could be used as one common baseline IMS session setup flow. The merged flow in the proposal is based on the flow in chapter 5.7a.3, with additional PDF and user interactions, as well as including potential additional preconditions messages from the other flows.

As stated above, there are different aspects that need to be considered when setting up an IMS session; it is proposed to assume that the following principles are followed in the current session setup for real-time applications and use them in the baseline flow (the principles are derived from the flows in 23.228):

· The resource reservation (if required) of the IP-CAN bearer appropriate for the real time media is initiated when the SDP answer is known

· The user is alerted, about an incoming multimedia session, when the resources for real time media are available

· The authorization of QoS resources can be done on SDP offer and/or SDP answer on terminating side, and on SDP answer on originating side

· Both pre-conditions attributes and/or SDP direction attribute can be used to indicate that media is not to be sent

· Approval of QoS by the policy network is done when the SDP answer indicate that the media is active

· In-band media may be sent from a UE as soon as other UE has indicated that media can be received

· …

The above principles are of course not an exhaustive set of principles used in a session setup procedure, and the list should only reflect the current status i.e. the principles as such may change.

3.
Proposal

It is proposed to add the following to the new TR 23.8yz:

***************** Start of proposed change ***************************

4.1
Problem Description

4.1.1
General

When IMS is used for similar services as currently are provided via CS/PSTN, users do not want to experience an increased call establishment time. An analysis of the IMS session establishment procedures (e.g. signalling flows, bearer establishment) is required in order to identify possible enhancements to reduce call establishment time for multimedia telephony. 

4.1.2
Current IMS session setup procedure when real time media is required

The flows in figure xa and figure xb below shows a normal IMS session setup when real time media is required by (at least one media component) the application. The flows can be used as a reference for further discussions on how to optimise and enhance the IMS session setup procedure.

It is assumed that the current IMS session setup procedure uses the following principles:

1.
The resource reservation (if required) of the IP-CAN bearer appropriate for the real time media is initiated when the SDP answer is known

2.
The user is alerted, about an incoming multimedia session, when the resources for real time media are available

3.
The authorization of QoS resources can be done on SDP offer and/or SDP answer on terminating side, and on SDP answer on originating side

4.
Both pre-conditions attributes and/or SDP direction attribute can be used to indicate that media is not to be sent

5.
Approval of QoS by the policy network is done when the SDP answer indicate that the media is active

6.
In-band media may be sent from a UE as soon as other UE has indicated that media can be received
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Figure xa:
IMS session setup baseline

1.
UE#1 sends the SIP INVITE request, containing an initial SDP, to the P‑CSCF#1 determined via the P‑CSCF discovery mechanism. The initial SDP may represent one or more media for a multi-media session, and one or more media may be of real time characteristic.

2.
P‑CSCF#1 forwards the INVITE request to S‑CSCF#1 along the path determined upon UE#1's most recent registration procedure.

3.
Based on operator policy S‑CSCF#1 validates the user's service profile and may invoke whatever service control logic is appropriate for this INVITE request. This may include routing the INVITE request to an Application Server, which processes the request further on.

4.
S‑CSCF#1 forwards INVITE request to I‑CSCF#2.

5.
I‑CSCF#2 performs Location Query procedure with the HSS to acquire the S‑CSCF address of the destination user (S‑CSCF#2).

6.
I‑CSCF#2 forwards the INVITE request to S‑CSCF#2.

7.
Based on operator policy S‑CSCF#2 validates the user's service profile and may invoke whatever service control logic is appropriate for this INVITE request. This may include routing the INVITE request to an Application Server, which processes the request further on.

8.
S‑CSCF#2 forwards the INVITE request to P‑CSCF#2 along the path determined upon UE#2's most recent registration procedure.

9.
Based on operator policy P‑CSCF#2 may initiate a procedure to authorize the resources necessary for this session.

10.
P‑CSCF#2 forwards the INVITE request to UE#2.

11.
UE#2 accepts the session with an SIP response that includes the SDP Answer. The SDP answer is sent to P‑CSCF#2.

12.
UE#2 may reserve a dedicated IP-CAN bearer for media based on the media parameters UE#2 aims to include in the SDP answer. Note that the sequential ordering of 11 and 12. does not indicate that these steps are necessarily performed one after the other. The flow show that UE#2 send the SDP answer before IP-CAN resources for the media is available.

13.
Based on operator policy P‑CSCF#2 may initiate a procedure to authorize the resources necessary for this session.

14. - 19.
The SDP answer response traverses back to UE#1.

18.
Based on operator policy P‑CSCF#1 may initiate a procedure to authorize the resources necessary for this session.

20. - 26.
UE#1 acknowledges the SDP answer with an Ack (the Ack may be either ACK or PRACK depending on which SIP response the SDP answer was included in), which traverses back to UE#2.

21.
UE#1 may reserve a dedicated IP-CAN bearer for media based on the media parameters received in the SDP answer. Note that the sequential ordering of 20 and 21 does not indicate that these steps are necessarily performed one after the other.

27. – 32.
If the UE#1 acknowledge the SDP answer with a PRACK then UE#2 would acknowledge the PRACK with a 200 OK.
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Figure xb:
IMS session setup baseline

33.
The IP-CAN bearer for the media becomes available.

34. – 42.
UE#1 sends a new SDP Offer; containing an SDP with the media set to active (i.e. the IP-CAN resources for the media is available). The new SDP Offer traverses the set route to UE#2.

43. – 48.
Depending on the SIP request used for the “new SDP Offer” and on the status of the IP-CAN resources the UE#2 acknowledge the “new SDP Offer”.
49.
The UE#2 may alert the user when the IP-CAN resource becomes available.

50. - 55..
UE#2 may optionally generate a ringing message towards UE#1.

56.
UE#2 may at this point send media (e.g. ring tone) towards UE#1

57.
The user answers the call

58-65.
UE#2 accepts the session with a 200 OK. The 200 OK may (in case Offer ack in step 43 was not sent) include an SDP answer with the media set to active. Note: if the SDP Offer in step 42 was accepted with an SDP answer in step 43 and the resource reservation was not finalized, then the SDP is an SDP Offer in a SIP UPDATE request.

59 and 64.
P‑CSCF#1 and P-CSCF#2 indicates that the resources reserved for this session should now be approved for use

66.
UE#1 may at this point send media towards UE#2

67-72.
UE#1 acknowledges the SDP answer (200 OK) with an ACK, which traverses back to UE#2.

***************** End of proposed change *******************************

Appendix
Flows from 23.228

The following flows are copied from 23.228 and are only provided for reference:

5.5.2
(S-S#2) Single network operator performing origination and termination

The Serving‑CSCF handling session origination performs an analysis of the destination address, and determines that it belongs to a subscriber of the same operator. The request is therefore forwarded to a local I‑CSCF. The I‑CSCF queries the HSS for current location information, and finds the user either located in the home service area, or roaming. The I‑CSCF therefore forwards the request to the S‑CSCF serving the destination user.

Refer to table 5.2 in sub clause 5.4a to see which origination sequences share this common S-S procedure. In addition the text below clarifies the role of the" Originating Network".

MO#1
Mobile origination, roaming. The "Originating Network" of S-S#2 is therefore a visited network.

MO#2
Mobile origination, home. The "Originating Network" of S-S#2 is therefore the home network.

AS-O
Application Server origination. The" Originating Network" of S-S#1 is the home network. The element labelled S‑CSCF#1 corresponds to the S‑CSCF in figure 5.16b.

Refer to table 5.2 in subclause 5.4a to see which termination sequences share this common S-S procedure. In addition the text below clarifies the role of the" Terminating Network".

MT#1
Mobile termination, roaming,. The "Terminating Network" of S-S#2 is a visited network.

MT#2
Mobile termination, home. The "Terminating Network" of S-S#2 is the home network.

MT#3
Mobile termination, CS Domain roaming. The "Terminating Network" of S-S#2 is a CS domain network.

AS-T#1,2,3,4
Application Server termination. The elements of the corresponding AS-T termination figure (5.7.5, 5.7.6, 5.7.7, and 5.7.8) replace all elements of the Terminating Home Network and Terminating Network off figure 5.11.
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Figure 5.11: Serving to serving procedure - same operator

Procedure S-S#2 is as follows:

1.
The SIP INVITE request is sent from the UE to S‑CSCF#1 by the procedures of the originating flow. This message should contain the initial media description offer in the SDP.

2.
S‑CSCF#1 invokes whatever service logic is appropriate for this session setup attempt

3.
S‑CSCF#1 performs an analysis of the destination address, and determines the network operator to whom the subscriber belongs. Since it is local, the request is passed to a local I‑CSCF.

4.
I‑CSCF shall query the HSS for current location information.

5.
HSS responds with the address of the current Serving‑CSCF for the terminating user.

6.
I‑CSCF forwards the INVITE request to the S‑CSCF (S‑CSCF#2) that will handle the session termination.

7.
S‑CSCF#2 invokes whatever service logic is appropriate for this session setup attempt

8.
The sequence continues with the message flows determined by the termination procedure.

9-12.
The terminating end point responds with an answer to the offered SDP and this message is passed along the established session path.

13-16.
The originator decides on the offered set of media streams, confirms receipt of the Offer Response with a Response Confirmation, and forwards this information to S‑CSCF#1 by the origination procedures. This message is forwarded via the established session path to the terminating end point. The Response Confirmation may also contain SDP. This may be the same SDP as in the Offer Response received in Step 12 or a subset.

17-20.
Terminating end point responds to the offered SDP and the response if forwarded to the originating end point via the established session path.

21-24.
Originating end point sends successful resource reservation information towards the terminating end point via the established session path.

25-28.
Terminating end point sends successful resource reservation acknowledgement towards the originating end point via the established session path

29-32.
Terminating end point sends ringing message toward the originating end point via the established session path.

33-36.
The SIP final response, 200-OK, is sent by the terminating endpoint over the signalling path. This is typically generated when the user has accepted the incoming session setup attempt. The message is sent to S‑CSCF#2 per the termination procedure.

37-40.
The originating endpoint sends the final acknowledgement to S‑CSCF#1 by the origination procedures and it is then sent over the signalling path to the terminating end point.

5.6.2
(MO#2) Mobile origination, home
This origination procedure applies to users located in their home service area.

The UE is located in the home network, and determines the P‑CSCF via the CSCF discovery procedure described in section 5.1.1. During registration, the home network allocates an S‑CSCF in the home network.
When registration is complete, P‑CSCF knows the name/address of S‑CSCF.
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Figure 5.15: Mobile origination procedure - home

Procedure MO#2 is as follows:

1.
UE#1 sends the SIP INVITE request, containing an initial SDP, to the P‑CSCF determined via the CSCF discovery mechanism. The initial SDP may represent one or more media for a multi-media session.

2.
The Authorization-Token is generated at this step and stored in the P‑CSCF. P‑CSCF remembers (from the registration procedure) the next hop CSCF for this UE. In this case it forwards the INVITE to the S‑CSCF in the home network.

3.
S‑CSCF validates the service profile, and invokes any origination service logic required for this user. This includes authorisation of the requested SDP based on the user's subscription for multi-media services.

4.
S‑CSCF forwards the request, as specified by the S-S procedures.

5.
The media stream capabilities of the destination are returned along the signalling path, per the S-S procedures.

6.
S‑CSCF forwards the Offer Response message to P‑CSCF

7.
P‑CSCF authorises the resources necessary for this session.

8.
The Authorization-Token is included in the Offer Response message. P‑CSCF forwards the message to the originating endpoint.

9.
UE decides the offered set of media streams for this session, confirms receipt of the Offer Response and sends the Response Confirmation to P‑CSCF. The Response Confirmation may also contain SDP. This may be the same SDP as in the Offer Response received in Step 8 or a subset. If new media are defined by this SDP, a new authorization (as in Step 7) will be done by the P‑CSCF(PDF) following Step 14. The originating UE is free to continue to offer new media on this operation or on subsequent exchanges using the Update method. Each offer/answer exchange will cause the P‑CSCF(PDF) to repeat the Authorization step (Step 7) again.

10.
UE initiates resource reservation for the offered media.

11.
P‑CSCF forwards this message to S‑CSCF

12.
S‑CSCF forwards this message to the terminating endpoint, as per the S-S procedure.

13-14.
The terminating end point responds to the originating end with an acknowledgement. If Optional SDP is contained in the Response Confirmation, the Confirmation Acknowledge will also contain an SDP response. If the SDP has changed, the PCSCF authorises the media.

15.
PCSCF forwards the answered media towards the UE.

16-18.
When the resource reservation is completed, UE sends the successful Resource Reservation message to the terminating endpoint, via the signalling path established by the INVITE message. The message is sent first to P‑CSCF.

19-21.
The terminating end point responds to the originating end when successful resource reservation has occurred. If the SDP has changed, the P‑CSCF again authorizes that the resources are allowed to be used.

22-24.
The destination UE may optionally perform alerting. If so, it signals this to the originating party by a provisional response indicating Ringing. This message is sent to S‑CSCF per the S-S procedure. It is sent from there toward the originating end along the signalling path.

25.
UE indicates to the originating user that the destination is ringing.

26-27.
When the destination party answers, the terminating endpoint sends a SIP 200-OK final response along the signalling path to the originating end, as specified by the termination procedures and the S-S procedures, to S‑CSCF.

28.
P‑CSCF indicates the resources reserved for this session should now be approved for use.

29.
P‑CSCF passes the 200-OK response back to UE

30.
UE starts the media flow(s) for this session.

31-33.
UE responds to the 200 OK with an ACK message which is sent to P‑CSCF and passed along the signalling path to the terminating end.

5.7.2
(MT#2) Mobile termination, home

This termination procedure applies to users located in their home service area.

The UE is located in the home network, and determines the P‑CSCF via the CSCF discovery procedures described in section 5.1.1.

When registration is complete, S‑CSCF knows the name/address of P‑CSCF, and P‑CSCF knows the name/address of the UE.
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Figure 5.18: Mobile termination procedure - home

Procedure MT#2 is as follows:

1.
UE#1 sends the SIP INVITE request, containing an initial SDP, via one of the origination procedures, and via one of the Serving to Serving‑CSCF procedures, to the Serving‑CSCF for the terminating user.

2.
S‑CSCF validates the service profile, and invokes any termination service logic required for this user. This includes authorisation of the requested SDP based on the user's subscription for multi-media services.

3.
S‑CSCF remembers (from the registration procedure) the next hop CSCF for this UE. It forwards the INVITE to the P‑CSCF in the home network.

4.
The Authorization-Token is generated at this step and included in the INVITE message. P‑CSCF remembers (from the registration procedure) the UE address, and forwards the INVITE to the UE.

5.
UE determines the subset of the media flows proposed by the originating endpoint that it supports, and responds with an Offer Response message back to the originator. The SDP may represent one or more media for a multi-media session. This response is sent to P‑CSCF.

6.
P‑CSCF authorises the resources necessary for this session.

7.
P‑CSCF forwards the Offer Response message to S‑CSCF.

8.
S‑CSCF forwards the Offer Response message to the originator, per the S-S procedure.

9.
The originating endpoint sends a Response Confirmation via the S-S procedure, to S‑CSCF. The Response Confirmation may also contain SDP. This may be the same SDP as in the Offer Response sent in Step 8 or a subset. If new media are defined by this SDP, a new authorization (as in Step 6) will be done by the P‑CSCF(PDF) following Step 12. The originating UE is free to continue to offer new media on this operation or on subsequent exchanges using the Update method. Each offer/answer exchange will cause the P‑CSCF(PDF) to repeat the Authorization step (Step 6) again.

10.
S‑CSCF forwards the Response Confirmation to P‑CSCF.

11.
P‑CSCF forwards the Response Confirmation to UE.

12.
UE responds to the Response Confirmation with an acknowledgement. If Optional SDP is contained in the Response Confirmation, the Confirmation Ack will also contain an SDP response. If the SDP has changed, the P‑CSCF authorizes that the resources are allowed to be used.

13.
UE initiates the reservation procedures for the resources needed for this session.

14-15.
The response is forwarded to the originating end point.

16-18.
When the originating endpoint has completed its resource reservation, it sends the successful Resource Reservation message to S‑CSCF, via the S-S procedures. The S‑CSCF forwards the message toward the terminating endpoint along the signalling path.

19.
UE#2 alerts the destination user of an incoming session setup attempt.

20-22.
UE#2 responds to the successful resource reservation and the message is forwarded to the originating end.

23-25.
UE may alert the user and wait for an indication from the user before completing the session. If so, it indicates this to the originating party by a provisional response indicating Ringing. This message is sent to P‑CSCF and along the signalling path to the originating end.

26.
When the destination party answers, UE sends a SIP 200-OK final response to P‑CSCF.

27.
P‑CSCF indicates the resources reserved for this session should now be committed.

28.
UE starts the media flow(s) for this session.

29-30.
P‑CSCF forwards the 200-OK to S‑CSCF, following the signaling path.

31-33.
The session originator responds to the 200-OK by sending the ACK message to S‑CSCF via the S-S procedure and it is forwarded to the terminating end along the signalling path.

5.7a.3
Procedures for the establishment of sessions without preconditions - resource reservation required before session becomes active
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Figure 5.19i: End-to-end session flow procedure without preconditions - resource reservation required before session becomes active

1-10.
The first part of the flow is the same as the flow in subclause 5.7a.2, except that the media is set to inactive in the SDP offer.

11.
UE#2 may reserve a dedicated IP-CAN bearer for media based on the media parameters received in the SDP offer. Note that the sequential ordering of 11 and 12 does not indicate that these steps are necessarily performed one after the other, but to speed up the session setup UE#2 should perform step 12 before step 11 is finished. If required, UE#2 will then use an existing IP-CAN bearer to send and receive media related information.

12-18.
UE#2 shall indicate that media is inactive in the SDP answer. The SDP answer may be included in a final or provisional response.

19-23.
UE#1 acknowledges the SDP answer with an Ack, which traverses back to UE#2.

24.
UE#1 reserves a dedicated IP-CAN bearer for media based on the media parameters received in the SDP answer. When step 30 is performed successfully, UE#1 continues with the flow in figure 5.19j below.
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Figure 5.19j: End-to-end session flow procedure without preconditions - resource reservation required before session becomes active

25-33.
UE#1 sends a new SDP Offer; containing an SDP with the media set to active

34-39.
UE#2 may optionally generate a ringing message towards UE#1.

40.
If the dedicated IP-CAN bearer is not yet reserved UE#2 waits until the reservation procedure is finished.

41-47.
UE#2 accepts the new SDP Offer with a 200 OK response with the media set to active in the SDP Offer response.

48-52.
UE#1 acknowledges the 200 OK with an ACK, which traverses back to UE#2.
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