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Abstract of the contribution: This contribution proposes to analyse the forking model for IMS CAT, and proposes to add the impacts of the Forking model into the TR 23.872.
1. Forking allowing
The basis of the forking model is that the originating UE allows the session forking to multiple terminating UEs. So if the originating UE does not allow forking, the forking model could not be used to provide IMS CAT. 
For example: 
1) UE1 wants to setup a session with the specific one terminating UE2, and the UE1 does not want the other terminating UEs to know about this session.
2) In this case, UE1 sends an INVITE with the GRUU of the specific terminating UE.

3) And also UE1 sets the Request-Disposition header of the INVITE to no-fork to prohibit forking the INVITE to the other terminating UEs.
4) If IMS CAT could only be provided by the forking model, UE1 would not experience IMS CAT service.

2. Early Media indication
The forking model reuses the normal SDP to negotiate for IMS CAT. But the normal SDP can not indicate the originating UE and the originating network to allocate the resources, and can not indicate to open the gate of the resources earlier for IMS CAT media. The forking model has to use P-Early-Media header to indicate that. As described in sub clause 5.1.3.1, 5.2.1 and 5.10.6.2 of TS 24.229 V8.4.1, P-Early-Media is only optional for UE, P-CSCF and IBCF. In this case, the originating UE and the originating network would have to support P-Early-Media header.

3. Dialog resources consumption
Because the forking model uses early dialog to play CAT to the originating UE, every normal session would have to take up at least two dialog resources from the originating UE and the network: one is early dialog for CAT session; the other is normal dialog for normal session. So the dialog resources in the originating UE and the network would have to be doubled for the forking model. If the originating UE has reached the dialog number limitation, the originating UE may not be able to experience IMS CAT.
For example: 

1) UE1 wants to setup a session with a terminating UE, and terminating network fork the communication to multiple UEs. 

2) In this case, UE1 sends an INVITE to the terminating UE, and the INVITE is forked to, for example, 2 UEs. 

3) And also UE1 has the capability of handling not more than 2 simultaneous dialogs. 

4) If IMS CAT could only be provided by forking model, UE1 would reject the dialog for IMS CAT service, and would not experience IMS CAT.

The following figure shows the information flow for the Dialog resources taken up by the forking model.
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Figure #1: information flow showing the Dialog resources taken up by the forking model
From figure #1, we can see that UE-1 and Network take up resources for two dialogs for step 4 and step 7.
In TS 22.182 8.2.0 (IMS CAT requirements in SA1), there is the following requirement described in clause 4.2.4.3 Communication Diversion (CDIV):
Additionally, for call-forwarding scenarios, it is assumed that Forwarded-to-party (C) has activated his CAT Service. The Customized Alerting Tone of C is called CAT-C. The Customized Alerting Tone of D is called CAT-D. The calling party has not subscribed and/or activated the CAT service. If applicable, the CAT experienced by the calling user should be the one customized for the user by the connected-to-party.
From the above requirement, we could conclude that the originating user should be able to experience IMS CAT customized for the user to which the session is forwarded.
Let’s suppose the following scenario:

1) UE-1 calls UE-2;

2) UE-1 does not subscribe IMS CAT service, and UE-2 subscribes IMS CAT service;

3) UE-2 is ringing, and UE1 experiences IMS CAT provided by UE-2;

4) UE-2 is time out, and UE-2 subscribes CFNA;

5) The call is forwarded to UE-3, and UE-3 subscribes IMS CAT service;

6) UE1 changes to experience IMS CAT subscribed by UE-3.

For the above scenario, the following figure shows the information flow:
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Figure #2: information flow showing the number of the early dialogs used by the forking model
For the above figure #2, we can see that UE-1 side, including the originating UE and the originating network, has to be able to support three dialogs: two are early dialogs for step 4 and step 9; the other is normal dialog for normal session.
And for the more extreme scenario, when the UE-3 subscribes CFNA and UE-3 does not answer the session the session request is forwarded to the UE-n, the number of dialog supported by the originating UE and the originating network is increasing.
4. Media negotiation limitation:
Because the forking model reuses the normal SDP to negotiate for IMS CAT, the final media type of IMS CAT could only be within the SDP offer sent by the originating UE for the normal session. So by using the forking model, the media type of IMS CAT would have to be limited by the media type of the normal session.
The following figure shows the information flow for selecting CAT SDP answer within the set of originating SDP offer:
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Figure #3: information flow for selecting CAT SDP answer within the set of originating SDP offer
From the step 4, we can see that the media type and codec of CAT-SDP-answer in step 5 is within the set of SDP-offer provided by the originating UE-1 in step 1.

Let’s suppose the following scenarios: 
Scenario #1: UE-1 sends INVITE with the SDP-offer in step 1, and the SDP-offer only contains audio media type. Network could only select audio type of IMS CAT to play the CAT media. UE-1 would not be able to experience video IMS CAT for audio session, even though UE-1 supports video capability and IMS CAT has video media to play.
Scenario #2: UE-1 wants to setup an IM session with UE-2. UE-1 sends an INVITE with the SDP-offer in step 1, and the SDP-offer only contains MSRP media type. Network could only select MSRP type of IMS CAT to play the CAT media. UE-1 would not be able to experience audio or video IMS CAT for this MSRP session, even though, at present, most of the media types of IMS CAT are audio and video. And if there is no MSRP type of IMS CAT in the network, UE-1 would not be able to experience IMS CAT service.

Even when UE1 sends an INVITE with audio or video SDP offer to UE2, the codec of the audio and video of IMS CAT would have to be limited by the normal SDP offer in the INVITE. That would degrade the originating user’s experience.
If the media type or the codec of IMS CAT does not match the set of the SDP offer from the originating UE, the originating UE would not experience IMS CAT service.
5. Limitations to the early media services:
The logic service model of IMS CAT is shown as the following figure:
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Figure #4: Logic service model of IMS CAT
O-1 is the originating entity which sends the session request to the terminating side, e.g. originating UE.

T-1 and T-2 is the terminating entities which respond the session request and communicate with O-1, e.g. IMS CAT and the terminating UE.

Media-1 is the communicating media packet sent by T-1 to O-1, e.g. media sent by IMS CAT.
Media-2 is the communicating media packet sent between T-1 and O-1, e.g. normal session media packet between the O-1 and T-1
From the above figure #4, we can see that the logic service model of IMS CAT is that one originating entity communicates with multiple terminating entities (IMS CAT Service and terminating UE), which is very similar to the logic of forking defined in RFC 3261. And because of the above similarity, the forking model could be used to provide IMS CAT.
If there is any other service break the above logic service model, whether the forking model still could be used to provide the services. Let’s suppose the following logic service model of the services based on early media:
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Figure #5: Logic service model of the services based on early media
O-2 is the originating entity which sends the information to the terminating side, e.g. IMS CRS.

Media-3 is the communicating media packet sent by O-2 to T-2, e.g. information sent by IMS CRS to the terminating UE.

The above figure #5 shows a logic service model that one originating entity communicates with multiple terminating entities, and one terminating entity communicates with multiple originating entities. 
CRS service is the Customized Ringing Signal (CRS) service, which has already been specified in SA1 in TS 22.183, and is almost completed. CRS service is used to send information to the terminating UE during the ringing stage. When IMS CRS and IMS CAT services co-exist, the logic shown in the figure #5 is applied. 
The forking model could only support the early media service scenario that the originating UE communicates with multiple terminating entities e.g. IMS CAT Service and terminating UE. The forking model could not support the early media service scenario that the originating UE communicates with multiple terminating entities, and at the same time the terminating UE communicates with multiple originating entities e.g. when IMS CRS and IMS CAT services co-exist.
6. Conclusion

The basis of the forking model is that the originating UE allows the session forking to multiple terminating UEs. If the originating UE does not allow forking, the forking model could not be used to provide IMS CAT.
The forking model has to make P-Early-Media to be mandatory for the originating UE and the originating network.
For the forking model, besides the normal dialog, the originating UE and the originating network have to be able to take up more resources to support one or more early dialogs for every IMS CAT session. If the originating UE reaches the dialog number limitation, the originating UE may not be able to experience IMS CAT.
The media type and the codec of IMS CAT media have to be limited into the set which is offered by the normal SDP offer from the originating UE. If the media type or the codec of IMS CAT does not match the set of the SDP offer from the originating UE, the originating UE would not experience IMS CAT service.
The forking model could only support the early media service scenario that the originating UE communicates with multiple terminating entities e.g. IMS CAT Service and terminating UE. The forking model could not support the early media service scenario that the originating UE communicates with multiple terminating entities, and at the same time the terminating UE communicates with multiple originating entities e.g. when IMS CRS and IMS CAT services co-exist.
7. Proposal

First Change
5.2.3
Impact
The basis of the forking model is that the originating UE allows the session forking to multiple terminating UEs. If the originating UE does not allow forking, the forking model could not be used to provide IMS CAT.

The forking model has to make P-Early-Media to be mandatory for the originating UE and the originating network.

For the forking model, besides the normal dialog, the originating UE and the originating network have to be able to take up more resources to support one or more early dialogs for every IMS CAT session. If the originating UE reaches the dialog number limitation, the originating UE may not be able to experience IMS CAT.
The media type and the codec of IMS CAT media have to be limited into the set which is offered by the normal SDP offer from the originating UE. If the media type or the codec of IMS CAT does not match the set of the SDP offer from the originating UE, the originating UE would not experience IMS CAT service.
The forking model could only support the early media service scenario that the originating UE communicates with multiple terminating entities e.g. IMS CAT Service and terminating UE. The forking model could not support the early media service scenario that the originating UE communicates with multiple terminating entities, and at the same time the terminating UE communicates with multiple originating entities e.g. when IMS CRS and IMS CAT services co-exist.
End of Change
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