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Abstract of the contribution: This paper describes which problems occur when a Collaborative Session contains multiple simultaneous Controller UEs and proposes the concept of Primary Controller UE which supervises the Collaborative Session exclusively to solve such problems.
1. Discussion
1.1  Background
At the previous meeting, S2-100187 entitled Discussion on multiple controller capability raised an issue that the following areas can or perhaps should only be assigned to one user at a time and proposed that multiple simultaneous Controller UEs are not needed but rather we can have multiple simultaneous Media Controller UEs which can manipulate any media in the Collaborative Session without authorization by the Controller UE. Anyway, there was no consensus on this proposal at the previous meeting.
· Accept/direct media additions from the remote end

· Release of the session with the remote end

· Be the endpoint known to the remote end

· Cause the remote end session to be dropped if this control point is lost

· Approve media actions initiated by a Controllee UE
The issue on multiple Controller UEs which can be considered as one of most complicated and contentious issues in Rel-10 IUT should be clarified and resolved as soon as possible in order to complete Rel-10 IUT work on time.
1.2  Problem descriptions and Proposal of ‘Primary Controller UE’
Here, we discuss specifically what the problems are if there are multiple simultaneous Controller UEs within a Collaborative Session related to the five areas listed above. To resolve the problems due to multiple simultaneous Controller UEs, it is proposed that only one Controller UE takes the role for the areas listed above at a time.
I) Approve media actions initiated by a Controllee UE or a UE which does not participate in the Collaborative Session
When we see the information flow for Pull mode IUT initiated by UE not participating in ongoing Collaborative Session in clause 6.1.3.5.1 of TR 23.831, the SCC AS requests the Controller UE-1 to authorize the pull request or the SCC AS authorizes the request on behalf of UE-1(e.g. pre-configured) in step 3 of figure 1. If the request is authorized, SCC AS continues the processes for media transfer.
In the procedure for Pull mode IUT initiated by Controllee UE in ongoing Collaborative Session described in Clause 6.1.3.5.3 of TR 23.831, the interaction between SCC AS and Controller UE for authorizing the pull request is needed as well.
In these cases, if there are multiple Controller UEs within a Collaborative Session, which Controller UE should the SCC AS choose to interact with?
( It is proposed that only one Controller UE which is defined as ‘Primary Controller UE’ takes this role and SCC AS knows which Controller UE is Primary Controller UE within a Collaborative Session which has multiple Controller UEs.
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Figure 1: Inter UE Transfer initiated by UE not participating in the collaborative session [Figure 6.1.3.5.1-1 of TR 23.831]
II) Release of the session with the remote end
If a Collaborative Session has multiple Controller UEs and indeed all the Controller UEs belong to the different users, it may happen that one user  releases the session with the remote party by using his/her Controller UE although another users ( don’t want to terminate the session.
One solution to resolve this problem is to make the Controller UE which performs the session release leave a Collaborative Session whilst keeping the session between other remaining UEs and the remote party. 

Anyway, some issues should be carefully considered with this solution as following:
If the Controller UE which performs the session release has media flow(s) belonging to a Collaborative Session, how should the media flow(s) be handled as the Controller UE leaves the Collaborative Session? That is, whether to simply release the media flow(s) without any further handling or to handle this like Controllee UE initiated release media flow on itself described in clause 6a.4.5 of TS 23.237? 
If we take the latter manner, SCC AS needs to indicate to another Controller UE that some media flow(s) have been released. 
Anyway, if there remain more than one Controller UEs within a Collaborative Session after one Controller UE has left, which Controller UE should the SCC AS choose to interact with?
( It is proposed that only one Controller UE which is defined as ‘Primary Controller UE’ is allowed to release the session with the remote end and SCC AS knows which Controller UE is Primary Controller UE within a Collaborative Session which has multiple Controller UEs.
III) Cause the remote end session to be dropped if this control point is lost
If there are multiple Controller UEs within a Collaborative Session, should the loss of control point by one of Controller UEs cause the drop (release) of session with the remote end?
( It is proposed that the loss of control point only by ‘Primary Controller UE’ mentioned in I) and II) above triggers the release of session with the remote end and SCC AS knows which Controller UE is Primary Controller UE within a Collaborative Session which has multiple Controller UEs.
IV) Be the endpoint known to the remote end
If there are multiple Controller UEs within a Collaborative Session, which Controller UE should be the endpoint known to the remote end?
( It is proposed that the endpoint known to the remote end is ‘Primary Controller UE’ mentioned in I) and II) above and SCC AS knows which Controller UE is Primary Controller UE within a Collaborative Session which has multiple Controller UEs. 
V) Accept/direct media additions from the remote end
If there are multiple Controller UEs within a Collaborative Session, which Controller UE should decide the target UE which new media will be added to?
( If the remote end knows ‘Primary Controller UE’ as its end point as mentioned in IV) above, the remote end will send an Add Media request to the ‘Primary Controller UE’. Thereafter, the ‘Primary Controller UE’ decides the target UE which new media will be added to.
1.3  Further considerations about interactions between SCC AS and Primary Controller UE

In Rel-9 IUT, SCC AS should inform Controller UE that the following actions have been performed:
- Controllee UE initiated release media on itself (6a.4.5 of TS 23.237)

- Remote party initiated release media which is bound to Controllee UE (6a.4.8 of TS 23.237)
- Remote party initiated modify (i.e., hold or resume) media which is bound to Controllee UE (6a.4.9 of TS 23.237)

Therefore, in multiple Controller UEs scenarios, SCC AS should inform Primary Controller UE of the above actions.
Moreover, in multiple Controller UEs scenarios, it can be considered that another Controller UEs are allowed to perform media transfer, media addition, media modification (i.e., hold or resume) and media release without authorization by Primary Controller UE. Thus, SCC AS needs to inform Primary Controller UE of these actions initiated by another Controller UEs.
2. Proposal 

Based on the above discussion, it is proposed to add the definition for Primary Controller UE and related scenarios, architectural requirements and information flows in TR 23.831. 
Begin Change 1
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
Primary Collaborative Session control: This is the responsibility for approving IUT procedures initiated by target UE, releasing the session with the remote end, and being the end point known to the remote end for a Collaborative Session which contains multiple Controller UEs.
Primary Controller UE: The Controller UE that maintains the primary Collaborative Session control when multiple Controller UEs are involved in a Collaborative Session.
Begin Change 2
4.2.x
Generating additional Controller UE which is not Primary Controller UE
This scenario enables the IMS IUT user to have additional Controller UE which is not Primary Controller UE within a Collaborative Session.
In the example shown in Figure 4.2.x-1, UE-1, UE-2 and UE-3 are in a Collaborative Session, with UE-1 being the Controller UE, UE-2 being the Controllee UE with audio media flow, and UE-3 being the Controllee UE with video media flow. Subsequently UE-1 decides to authorize UE-2 to be a Controller UE whilst keeping the primary Collaborative Session control. In this process, UE-2 becomes the Controller UE with audio media flow while UE-1 becomes the Primary Controller UE. UE-3 remains as the Controllee UE with video media flow. UE-1, UE-2 and UE-3 may belong to same IMS subscription or different IMS subscriptions.
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Figure 4.2.x-1: Generating additional Controller UE which is not Primary Controller UE
UE-2 can request the authorization for being a Controller UE.
Continuing on the above example, another Controller UE but not a Primary Controller UE can be generated by authorization of the Primary Controller UE (i.e., UE-1) based on the process described above.
4.2.y
Generating additional Controller UE which is Primary Controller UE
This scenario enables the IMS IUT user to have additional Controller UE which is Primary Controller UE within a Collaborative Session.
In the example shown in Figure 4.2.y-1, UE-1, UE-2 and UE-3 are in a Collaborative Session, with UE-1 being the Controller UE, UE-2 being the Controllee UE with audio media flow, and UE-2 being the Controllee UE with video media flow. Subsequently UE-1 decides to authorize UE-2 to be a Controller UE while transferring the primary Collaborative Session control to UE-2 and remaining as the Controller UE. In this process, UE-2 becomes the Primary Controller UE with audio media flow while UE-1 keeps acting as the Controller UE. UE-3 remains as the Controllee UE with video media flow. UE-1, UE-2 and UE-3 may belong to same IMS subscription or different IMS subscriptions.
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Figure 4.2.y-1: Generating additional Controller UE which is Primary Controller UE
UE-2 can request the authorization for being a Primary Controller UE.
Continuing on the above example, additional Controller UE which is Primary Controller UE can be generated by authorization of the current Primary Controller UE (i.e., UE-2) based on the process described above. By performing this process, UE-2 can be a Controller UE or a Controllee UE.
4.2.z
Transferring primary Collaborative Session control without generating additional Controller UE
This scenario enables the IMS IUT user to transfer the primary Collaborative Session control without generating additional Controller UE which means the primary Collaborative Session control can be transferred to the existing Controller UE.
In the example shown in Figure 4.2.z-1, UE-1, UE-2 and UE-3 are in a Collaborative Session, with UE-1 being the Primary Controller UE, UE-2 being the Controller UE with audio media flow, and UE-3 being the Controllee UE with video media flow. Here UE-2 which was the Controllee UE with audio media flow has become the Controller UE after the procedure for generating additional Controller UE which is not Primary Controller UE depicted in clause 4.2.x. Subsequently UE-1 decides to transfer the primary Collaborative Session control to UE-2. In this process, UE-2 becomes the Primary Controller UE with audio media flow while UE-1 becomes the Controller UE. UE-3 remains as the Controllee UE with video media flow. UE-1, UE-2 and UE-3 may belong to same IMS subscription or different IMS subscriptions.
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Figure 4.2.z-1: Transferring primary Collaborative Session control without generating additional Controller UE
UE-2 can request the transfer of primary Collaborative Session control.
Begin Change 3
5.1
Assumptions
-
The UEs involved in Collaborative Session procedures can belong to different IMS subscriptions.
-
The Collaborative Session control can be transferred or shared between UEs belonging to the same or different IMS subscriptions.
-
There is only one Primary Controller UE within a Collaborative Session which contains multiple Controller UEs.
Begin Change 4
5.2
Architectural Requirements
The solution shall fulfil the following architectural requirements:
-
In single Controller UE scenarios, the Controller UE shall maintain the Collaborative Session control for the session until the session is released or until the Collaborative Session control is transferred to another UE.
-
In multiple Controller UEs scenarios, the Primary Controller UE shall maintain the primary Collaborative Session control for the session until the session is released or until the primary Collaborative Session control is transferred to another UE.
-
For a Collaborative Session containing multiple Controller UEs, the SCC AS shall maintain Primary Controller UE in order to
-
request for approving IUT procedures initiated by target UE;
-
perform Remote Leg Update to update the end point of the remote end when Primary Controller UE changes;
-
inform that Controllee UE has released media flow(s) on itself;
-
inform that another Controller UE has transferred media flow(s) in the Collaborative Session if Primary Controller UE was neither source UE nor target UE of the transferred media flow(s);
-
inform that another Controller UE has added media flow(s) to the Collaborative Session if Primary Controller UE was not target UE of the added media flow(s);
-
inform that another Controller UE or the remote end has modified (i.e., hold or resume) or released media flow(s) which are involved in the Collaborative Session and are not bound to Primary Controller UE.
-
It shall be possible to apply Collaborative Session procedures between UEs belonging to different IMS subscriptions.

-
For a UE that has indicated that it is capable of becoming a Controller UE, it shall be possible:

-
to authorise the UE to use its Controller UE capability.

-
for the UE to decide if it wants to participate in a Collaborative Session as a Controller UE. 
-
It shall be possible for the Controller UE to apply Collaborative Session procedures when setting up either an originating or terminating session.
-
It shall be possible, based on the terminating user’s preferences, to route incoming IMS session requests to a UE that is capable of becoming a Controller UE.

-
It shall be possible for a UE to request to replicate one or more media flow(s) from the Remote End.

-
It shall be possible for the network to replicate media in order to support the media replication scenarios described in this document.
-
It shall be possible for the Controller UE to share Collaborative Session control with another UE.

-
It shall be possible for the network to resolve conflicting Collaborative Session control requests when the Collaborative Session control is shared between UEs.
-
It shall be possible for a UE to determine the information of ongoing multimedia session(s) in other UEs before or during Collaborative Session procedures.
-
The selection of the media flows to be transferred may be based on the ongoing multimedia session(s) on the source UE(s) discovered by the target UE(s) in pull mode.
-
It shall be possible for a UE to request and, when authorized, to pull one or more media flow(s) from a source UE.

-
It shall be possible for a UE to request and, when authorized, to pull Collaborative Session control from a source UE.
-
It shall be possible for a UE to request and, when authorized, to pull primary Collaborative Session control from a source UE.
-
In single Controller UE scenarios, it shall be possible for the Controller UE to authorize the Collaborative Session request from a Controllee UE or a UE which does not participate in the Collaborative Session.
-
In multiple Controller UEs scenarios, it shall be possible for the Primary Controller UE to authorize the Collaborative Session request from a Controllee UE or a UE which does not participate in the Collaborative Session.
-
It shall be possible for the network to authorize Collaborative Session requests on behalf of the Controller UE.
-
It shall be possible to perform Inter-UE Transfer between UEs connected to the IMS via an IP-CAN and ICS entities that provide interworking with UEs in the CS Domain without impact on the CS domain.
Begin Change 5
6.1.3.X
Multiple Controller UEs
6.1.3.X.a
Generating additional Controller UE which is not Primary Controller UE
6.1.3.X.a.1
Same IMS subscription between target UE and existing Controller UE (or Primary Controller UE)
The following information flow shows the Controller UE generating additional Controller UE while keeping the primary Collaborative Session control. As a pre-requisite, there exists a Collaborative Session with two media flows, Media Flow–A on the Controllee UE (UE-2) and Media Flow–B on the Controllee UE (UE-3). UE-1 acts as a Controller UE. It is assumed that UE-1 and UE-2 belong to the same IMS subscription. UE-3 may belong to same IMS subscription or different IMS subscription to UE-1 and UE-2.
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Figure 6.1.3.X.a.1-1: Generating additional Controller UE which is not Primary Controller UE - Same IMS subscription between target UE and existing Controller UE (or Primary Controller UE)
1.
UE-1 sends a New Controller UE Authorization request to SCC AS for authorizing UE-2 to be a Controller UE. The request shall include enough information for the SCC AS to:

-
identify that the authorized target for Controller UE is UE-2;

-
keep the primary Collaborative Session control in UE-1.
2. The SCC AS receives the New Controller UE Authorization request and ensures that UE-2 can act as the Controller UE for this Collaborative Session. Then it sends a message to UE-2 requesting UE-2 to assume the role of Controller UE for this Collaborative Session.
3. UE-2 accepts the role of a Controller UE for this Collaborative Session and indicates its acceptance to the SCC AS.
4. Upon receiving the acceptance message from UE-2, the SCC AS stores that UE-1 is Primary Controller UE for this Collaborative Session.
5. The SCC AS provides an acknowledgement to UE-1 confirming that UE-2 is the new Controller UE for the Collaborative Session.
When the above procedure is completed, UE-1 acts as a Primary Controller UE while UE-2 acts as a Controller UE. The media flows to UE-2 and UE-3 from the remote party remain unaffected. UE-3 remains as a Controllee UE.
This information flow is also applicable to a Collaborative Session containing Primary Controller UE which means multiple Controller UEs are involved in the Collaborative Session. In this case, the Primary Controller UE can generate additional Controller UE while keeping the primary Collaborative Session control.
6.1.3.X.a.2
Different IMS subscriptions between target UE and existing Controller UE (or Primary Controller UE)
The following information flow shows the Controller UE generating additional Controller UE while keeping the primary Collaborative Session control. As a pre-requisite, there exists a Collaborative Session with two media flows, Media Flow–A on the Controllee UE (UE-2) and Media Flow–B on the Controllee UE (UE-3). UE-1 acts as a Controller UE. It is assumed that UE-1 and UE-2 belong to the different IMS subscriptions (i.e., User-1 and User-2, respectively). UE-3 may belong to same IMS subscription or different IMS subscription to UE-1 and UE-2.
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Figure 6.1.3.X.a.2-1: Generating additional Controller UE which is not Primary Controller UE - Different IMS subscriptions between target UE and existing Controller UE (or Primary Controller UE)
1.
UE-1 sends a New Controller UE Authorization request to S-CSCF-1 for authorizing UE-2 to be a Controller UE. The request shall include enough information for the network to:

-
identify that the authorized target for Controller UE is UE-2;

-
keep the primary Collaborative Session control in UE-1.
2.
S-CSCF-1 forwards the New Controller UE Authorization request to SCC AS-1.
Editor’s Note: It is FFS if SCC AS-1 needs to check profile of UE-1 and UE-2 for authorization.
3. SCC AS-1 sends a New Controller UE request to S-CSCF-1 serving for User-1 to authorize UE-2 to be a Controller UE. The request shall include enough information for the network to:
-
identify that the authorized target for Controller UE is UE-2;

-
keep the primary Collaborative Session control in UE-1.
4.
S-CSCF-1 forwards the New Controller UE request to S-CSCF-2 serving for User-2. Subsequently, S-CSCF-2 forwards the New Controller UE request to SCC AS-2.
Editor’s Note: It is FFS if SCC AS-2 needs to check profile of UE-1 and UE-2 for authorization.
5. SCC AS-2 receives the New Controller UE request and ensures that UE-2 can act as the Controller UE for this Collaborative Session. Then it sends a message to UE-2 requesting UE-2 to assume the role of Controller UE for this Collaborative Session.
6. UE-2 accepts the role of a Controller UE for this Collaborative Session and indicates its acceptance to SCC AS-2.
7-8.
The acceptance message is forwarded from SCC AS-2 to SCC AS-1.
9. Upon receiving the acceptance message from UE-2, SCC AS-1 stores that UE-1 is Primary Controller UE for this Collaborative Session.

10. SCC AS-1 provides an acknowledgement to UE-1 confirming that UE-2 is the new Controller UE for the Collaborative Session.
When the above procedure is completed, UE-1 acts as a Primary Controller UE while UE-2 acts as a Controller UE. The media flows to UE-2 and UE-3 from the remote party remain unaffected. UE-3 remains as a Controllee UE.
This information flow also applies to a Collaborative Session containing Primary Controller UE which means multiple Controller UEs are involved in the Collaborative Session. In this case, the Primary Controller UE can generate additional Controller UE while keeping the primary Collaborative Session control.
6.1.3.X.b
Generating additional Controller UE which is Primary Controller UE
6.1.3.X.b.1
Same IMS subscription between target UE and existing Controller UE (or Primary Controller UE)
The following information flow shows the Controller UE generating additional Controller UE while transferring the primary Collaborative Session control. As a pre-requisite, there exists a Collaborative Session with two media flows, Media Flow–A on the Controllee UE (UE-2) and Media Flow–B on the Controllee UE (UE-3). UE-1 acts as a Controller UE. It is assumed that UE-1 and UE-2 belong to the same IMS subscription. UE-3 may belong to same IMS subscription or different IMS subscription to UE-1 and UE-2.
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Figure 6.1.3.X.b.1-1: Generating additional Controller UE which is Primary Controller UE - Same IMS subscription between target UE and existing Controller UE (or Primary Controller UE)
1.
UE-1 sends a New Controller UE Authorization request to SCC AS for authorizing UE-2 to be a Primary Controller UE. The request shall include enough information for the SCC AS to:

-
identify that the authorized target for Controller UE is UE-2;

-
transfer the primary Collaborative Session control to UE-2;

-
keep the Collaborative Session control in UE-1.
2. The SCC AS receives the New Controller UE Authorization request and ensures that UE-2 can act as the Primary Controller UE for this Collaborative Session. Then it sends a message to UE-2 requesting UE-2 to assume the role of Primary Controller UE for this Collaborative Session.
3. UE-2 accepts the role of a Primary Controller UE for this Collaborative Session and indicates its acceptance to the SCC AS.

4. Upon receiving the acceptance message from UE-2, the SCC AS stores that UE-2 is Primary Controller UE for this Collaborative Session.

5. The SCC AS updates the Remote Leg to update the end point of the remote party from UE-1 to UE-2.
6. The SCC AS provides an acknowledgement to UE-1 confirming that UE-2 is the new Primary Controller UE for the Collaborative Session.
When the above procedure is completed, UE-1 acts as a Controller UE while UE-2 acts as a Primary Controller UE. The media flows to UE-2 and UE-3 from the remote party remain unaffected. UE-3 remains as a Controllee UE.

This information flow also applies to a Collaborative Session containing Primary Controller UE which means multiple Controller UEs are involved in the Collaborative Session. In this case, the Primary Controller UE can generate additional Controller UE while transferring the primary Collaborative Session control.
6.1.3.X.b.2
Different IMS subscriptions between target UE and existing Controller UE (or Primary Controller UE)
Editor’s Note: The information flow for this operation can be based on the information flow for transferring Collaborative Session control between UEs which belong to the different IMS subscriptions in single Controller UE scenarios. This is because there may happen that the SCC AS which serves new Controller UE in single Controller UE scenarios changes while the SCC AS which serves new Primary Controller UE in multiple Controller UEs scenarios changes.
6.1.3.X.c
Transferring primary Collaborative Session control without generating additional Controller UE
6.1.3.X.c.1
Same IMS subscription between target UE and existing Primary Controller UE
The following information flow shows the Controller UE transferring the primary Collaborative Session control to the existing Controller UE. As a pre-requisite, there exists a Collaborative Session with two media flows, Media Flow–A on the Controller UE (UE-2) and Media Flow–B on the Controllee UE (UE-3). UE-1 acts as a Primary Controller UE. It is assumed that UE-1 and UE-2 belong to the same IMS subscription. UE-3 may belong to same IMS subscription or different IMS subscription to UE-1 and UE-2.
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Figure 6.1.3.X.c.1-1: Transferring primary Collaborative Session control without generating additional Controller UE - Same IMS subscription between target UE and existing Primary Controller UE
1.
UE-1 sends a Primary Collaborative Session control request to SCC AS for transferring its primary Collaborative Session control to UE-2. The request shall include enough information for the SCC AS to:

-
transfer the primary Collaborative Session control to UE-2;

-
keep the Collaborative Session control in UE-1.
2. The SCC AS receives the Primary Collaborative Session control request and ensures that UE-2 can act as the Primary Controller UE for this Collaborative Session. Then it sends a message to UE-2 requesting UE-2 to assume the role of Primary Controller UE for this Collaborative Session.
3. UE-2 accepts the role of a Primary Controller UE for this Collaborative Session and indicates its acceptance to the SCC AS.

4. Upon receiving the acceptance message from UE-2, the SCC AS stores that UE-2 is Primary Controller UE for this Collaborative Session.

5. The SCC AS updates the Remote Leg to update the end point of the remote party from UE-1 to UE-2.

6. The SCC AS provides an acknowledgement to UE-1 confirming that UE-2 is the new Primary Controller UE for the Collaborative Session.
When the above procedure is completed, UE-1 acts as a Controller UE while UE-2 acts as a Primary Controller UE. The media flows to UE-2 and UE-3 from the remote party remain unaffected. UE-3 remains as a Controllee UE.
6.1.3.X.c.2
Different IMS subscriptions between target UE and existing Primary Controller UE
Editor’s Note: The information flow for this operation can be based on the information flow for transferring Collaborative Session control between UEs which belong to the different IMS subscriptions in single Controller UE scenarios. This is because there may happen that the SCC AS which serves new Controller UE in single Controller UE scenarios changes while the SCC AS which serves new Primary Controller UE in multiple Controller UEs scenarios changes.
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