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1. Introduction

Option D and Option F converge in one architecture. This contribution proposes an update of the TR in order to have only one common architecture instead of two and to clarify which architecture principles are supported for this option.

2. Proposed common architecture (Option E)

7.5 Option E

7.5.1 Multicast architecture

This option supports the following principles for the Control Plane:

UTRAN principles:

In order to allow the RNC to manage the UTRAN UE mobility for MBMS service as well as for non-MBMS services, a MBMS specific context shall exist in the RNC for each UE activating a MBMS: one RAB establishment procedure shall be done for each UE activating a multicast MBMS service. 

CN principles:

A separate control plane shall be used on Gn/Gp for each UE with an active MBMS connection. A shared user-plane may be applied to all UEs in the same SGSN.

BM-SC principles:

BM-SC is the reference for the service related information (Qos, MBMS area,…) of the Broadcast and Multicast services. 

Hence, 

· BM-SC is responsible for the service area mapping between service area as seen by the content provider (e.g. “greater London”) and the Broadcast / Multicast distribution areas as handled by the PS domain. 

· MBMS Broadcast services are activated from BM-SC to the Network 

· For Multicast services GGSN gets the parameters (Qos, BM-area,...) of the Multicast service from BM-SC and gives them back to the SGSN in PDP context activation accept

· As opposed to data in HLR that deal with the definition of each individual MBMS service, data in HLR associated with MBMS specify the rights of an individual user with regard to MBMS service in general: e.g. max QoS of multicast services for a given user… it is FFS whether it checks the right to benefit from multicast services, and the right to benefit from multicast service while roaming.

This option supports the following principles for the User Plane:

UTRAN principles:

In order to save resources over Iu, an Iu user plane between a RNC and a SGSN can be shared between UEs for the transport of data for the UEs that have activated the same MBMS multicast service.

Iur/SRNC/CRNC roles: remain open until UTRAN has made a decision.

CN principles:
There is per MBMS service one GTP user plane going down from a GGSN to a SGSN, and this regardless of the number of RNCs that are in the SGSN area and that need to receive the traffic for this MBMS service. User plane between a SGSN and a RNC can also be shared between users activating the same service.

Due to UTRAN architecture choice for MBMS, it is still open whether MBMS multicast user plane shall go towards the SRNC or CRNC. MBMS Multicast user plane may be needed by the RNC to which the UE attached or by the RNC under which the UE roams. This is FFS.

Due to this UTRAN architecture choice, user plane establishment can be done:

· At UE service activation

· Independently of UE service activation (before or after)

This is FFS and linked to UTRAN architecture choice.

7.5.1.1 MBMS Multicast Service Activation

The activation procedure registers the user in the network to enable the reception of data from a specific MBMS multicast service. The activation is a signalling procedure between the UE and the network. The procedure is similar to the PDP context activation with the addition that user planes can be optimised to share resources between UEs that activate the same MBMS multicast service.

The MBMS Multicast Service Activation registers the user for a multicast service to enable the reception of data from this MBMS multicast service. Whether it establishes the MBMS data transfer path within the Core network is FFS according to UTRAN architecture choice and needs. The procedure is similar to the PDP context activation and implies the use of the same TI parameter.
The activation of an MBMS multicast service may follow an explicit user interaction on the UE or may be done automatically by the UE without user interaction (e.g. done automatically at attach upon data pre-configured by the user on its terminal). Such description of UE behaviour is out of the scope of this document.
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Figure : MBMS multicast mode service activation: MBMS context activation
0. MBMS service discovery phase: UE learn or are notified about MBMS services through agreed methods: SMS-CB, SMS-PP, Web-URL, etc. The announcement of the MBMS multicast service provides IP multicast address and APN. A MBMS service is identified by these 2 parameters. Which other parameters are required is FFS.

1. UE that wants to join/activate a MBMS multicast session sends an Activate MBMS Context Request to SGSN, providing a Transaction Identifier (as per Point to Point PDP context activation), the  IP multicast address of the MBMS service it requires. The UE does not provide a QoS. UE has learned these addresses during the MBMS service discovery phase. The APN is a standard value that depicts “access to any MBMS multicast service”. Which other parameters are required is FFS. The SGSN creates a UE specific MBMS context which stores the parameters of the activated MBMS multicast service

2. Security functions may be performed. Security is only UMTS current security function without MBMS service security.

3. SGSN checks the activation request (e.g. whether the UE is allowed to benefit from PDP contexts towards a APN) and sends a Create MBMS Context request to GGSN. If there is no user plane already established for this service, then  a new GTP user plane for this MBMS service may (FFS) be established. .  

4. GGSN sends MBMS Service Request to BM-SC to request MBMS service information like e.g. QoS and MBMS service area. It is FFS while the message provides an identifier of the UE joining the service, e.g. MSISDN

5. BM-SC acknowledges this request by sending a MBMS Service Response, indicating the MBMS service information.

6. This GGSN may (FFS) send a MBMS service join message over Gi, in order to join the MBMS session provided by BM-SC (FFS as subject to change according to UTRAN architecture decision). This message may be based on existing IETF multicast protocols, as MLD, IGMP, PIM, etc.  

7. The GGSN sends a confirmation of the Create MBMS Context request to SGSN. It provides the SGSN with MBMS service information (e.g. QoS,…).

8. The SGSN may send a RAB assignment request to the RAN in order to establish the MBMS specific context for the UE in the RAN. It is up to the SGSN to decide whether this RAB shall be established at service activation or when DL PDU will be received. Iu user plane for many users activating the service between a SGSN and a RNC may be done (FFS).

9. The UE receives a Activate MBMS Context Accept message (service id). Service id is the identifier of the MBMS service used by the SGSN when e.g. it needs to page the mobile for this MBMS service. The Service Id is linked to a service and allows the mobile to receive the paging even in case of change of SGSN. Which other parameters are needed is FFS.

Note: In steps 3, 6 and 8, user plane may be established over Gi, Gn and Iu interface. This user plane establishment is FFS as it is conditioned by MBMS architecture decision taken in UTRAN group concerning SRNC/CRNC/Iur roles. But when established, these user planes are shared between users requesting the same service.

7.5.1.2 MBMS Multicast Service De-activation

Leaving is the process by which a user informs the network that it does no longer expect to receive Multicast data. When the UE expects to leave a Multicast service, it shall send a deactivation request to the SGSN. The deactivation is a signalling procedure between the UE and the network similar to the PDP context deactivation procedure with the addition that optimised user plane can be kept as shared by many users requesting the multicast service.
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Figure 2: MS Initiated Multicast service deactivation

1) The UE sends a Deactivate MBMS PDP Context Request message to the SGSN.

3)
The SGSN sends a Delete MBMS PDP Context Request message to the GGSN. 

4) If it is the last UE using the MBMS service, the GGSN may (FFS) remove its subscription to multicast service over Gi. Gn user plane resources may (FFS) are also be free if the UE was the last UE using the service between this SGSN and the GGSN.

5) The GGSN returns a Delete PDP Context response message to the SGSN.

6) The SGSN requests a RAB de-assignment for this UE to remove MBMS context for the UE in the RNC. Iu user plane resources may be removed (FFS) if the UE is the last UE using this service between the RNC and the SGSN.
7) The SGSN returns a Deactivate MBMS PDP Context Accept  message to the UE.
Note: In steps 4 and 6, user plane may be removed over Gi, Gn and Iu interface. This user plane removal is FFS as it is conditioned by MBMS architecture decision taken for UTRAN concerning SRNC/CRNC/Iur roles. As the user plane is shared by many users, it can’t be removed before the service is deactivated for all the users.
7.5.1.3 Multicast DL data transfer

User planes (Gi, Gn and Iu) for Multicast service data transfer have to be established before data can be transferred. The following description applies when user plane have been established.

Establishment of user plane is FFS as it is conditioned by MBMS architecture choice done for UTRAN.

7.5.1.3.1 Multicast DL data transfer
If the MBMS user plane is established for the UE, the SGSN can forward MBMS data to that UE.

When the UE is in RRC CONNECTED in the RNC, the internal RNC state can be either CELL_DCH or CELL_FACH state or PCH state. Each RNC knows which UEs are interested in a MBMS service. When DL PDU of a MBMS service is received in the RNC, the interested UEs shall be in RRC DCH or FACH state so that the RNC can transfer DL data.

The overall MBMS DL data transfer is presented in the following figure:
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Figure 3: MBMS DL Data transfer when MBMS user plane is established

1. The BM-SC sends MBMS data to the appropriate GGSN. The GGSN transfers DL data to the SGSNs with which a user plane is established. User plane optimisation can be done between the SGSNs and the GGSN.

2. The SGSN forwards DL MBMS data to the RNCs with which a user plane is established. User plane optimisation can be done between the RNCs and the SGSN.

3. The RNC knows which UEs are interested in the MBMS service. The RNC notifies all the interested UEs of incoming MBMS data. For UE interested in the service but in PCH state, the RNC shall send a notification in order to get them to RRC Cell Connected state. Whether these two notifications can be a single notification is FFS and subject to RAN2 studies. The fact that the interested UEs change state with or without responding to the notification is also FFS and left to RAN2 studies due to potential impact on the radio interface.

4. The RNC establishes the needed radio resources for the concerned UEs.

5. The RNC sends DL MBMS data in the concerned cells.

Note that it may be that control plane references are not available  (e.g. RAB release was used after some timer has expired in UTRAN). In this case RAB may be re-established if the UTRAN has no more MBMS information for the UE..

Due to a potential important number of Ues, a potential important number of ServiceRequest (response to paging) can be received by the SGSN and an important number of RAB establishment request will have to be treated by the SGSN/RNC.

Nevertheless, as each mobile responds to a paging request in an independent way, the Service Request messages and the RAB establishment will not be simultaneous.

Decision to assign the RAB at service activation and delay before releasing a RAB is implementation dependant as this does not save radio resources while it brings additional procedures to be handled.

7.5.1.3.2 Multicast DL data transfer in case of Iu Flexibility
As a user plane path is established for each UE activating the MBMS service, when two UEs are on the same RNC but attached to different SGSNs due to Iu Flexibility, a user plane is established for the first UE between the first SGSN and the RNC and another user plane is established for the second UE with the other SGSN and the same RNC.

As a consequence, the RNC will receive MBMS data from two SGSNs for the two UEs and has to drop the duplicated data.

This corresponds to Option 3 of Iu Flexibility options.

The following figure shows how DL MBMS data is transferred to the interested UEs:
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Figure 4: Downlink data transfer in case of Iu Flexibility
7.5.1.3.3. Optional MB-SC notification before MBMS data transfer

In order to avoid data bufferization or data dropping in the UMTS network, a BM-SC may send a message indicating to the UMTS network that it wishes to transmit MBMS data.

This option may not be used by the BM-SC. In this case the GGSN receives MBMS data without previous notification and forwards the data to the SGSN that may either drop the data or bufferizes them until a bearer path is established. It is up to the BM-SC to send “non-critical” data prior to real MBMS service data in this case, for example: use or advertisement data or pre-amble data.
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Figure 5: Optional MB-SC notification before MBMS data transfer

1. The BM-SC may indicate the UMTS network of the need to prepare UMTS bearer prior to MBMS data arrival through a request sent to the GGSN and relayed to the SGSN. 

2. The SGSN establishes RAB for UE in PMM-CONNECTED states if the RAB has not been assigned or has been released for the UE.

3. The RNC knows which UEs are interested in the MBMS service. The RNC notifies all the interested UEs of incoming MBMS data. For UE interested in the service but in PCH state, the RNC shall send a notification in order to get them to RRC Cell Connected state. Whether these two notifications can be a single notification is FFS and subject to RAN2 studies. The fact that the interested UEs change state with or without responding to the notification is also FFS and left to RAN2 studies due to potential impact on the radio interface.

4. The RNC establishes the needed radio resources for the concerned UEs.

5. The SGSN initiates a NAS MBMS Paging procedure for the UEs in PMM-IDLE state with the RNCs covering the last known RA of these UEs. NAS Paging indicates the service identifier as paging target.

6. The UEs in PMM-IDLE state respond to the NAS Paging with a Service Request (Response to Paging) forwarded to the SGSN. The UEs state is changed to PMM-CONNECTED state. 

7. For each UE that have responded to the MBMS Paging, security function may be executed, the SGSN establishes a RAB with the RNC.

8. The SGSN informs the BM-SC that MBMS transmission can start.

Note: user plane establishment is FFS as it is linked to UTRAN architecture decision as for service activation procedure.

7.5.1.3.4 Multicast DL data transfer to UE in PMM-CONNECTED and PMM-IDLE mode

The RNC can initiate RAB release. It initiates as many RAB releases as there are RABs established for the same MBMS service.

RAB Release could apply for both Multicast and Broadcast MBMS Modes. RAB Release is a UTRAN decision. There is no specificities for RAB Release procedure compared to a non MBMS point-to-point RAB except that that user plane are removed only when all Control Plane are removed.

UE in PMM-IDLE mode are paged before associated RAB can be assigned and data can be transferred.

7.5.1.4 Service continuity and Mobility

7.5.1.4.1 MBMS Relocation and Handover

When a UE in PMM-CONNECTED state changes of SGSN due to SRNS relocation or handover procedure:

· its MBMS contexts are transferred from the old to the target SGSN with other UE contexts (GMM and point-to-point PDP contexts)

· The Target SGSN re-assigns the UE’s point-to-point RABs and the UE’s MBMS data paths if not already established (Iu user plane can be optimised).

· The Target SGSN updates the UE’s PDP contexts with the appropriate GGSNs and UE’s MBMS PDP contexts. Gn user plane can be optimised.

This is described in the figure below for the relocation procedure. This figure and the associated text is issued from a normal relocation procedure with addition (in bold) of MBMS specificities. Note that some details of the relocation procedure are not shown for simplification.
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Figure 6: SRNS Relocation Procedure

1)
The source SRNC decides to perform/initiate SRNS relocation.

2)
The source SRNC sends a Relocation Required message (Relocation Type, Cause, Source ID, Target ID, Source RNC to target RNC transparent container) to the old SGSN. The source SRNC shall set the Relocation Type to "UE not involved". The Source SRNC to Target RNC Transparent Container includes the necessary information for Relocation co-ordination, security functionality and RRC protocol context information (including MS Capabilities).

3)
The old SGSN determines from the Target ID if the SRNS Relocation is intra-SGSN SRNS relocation or inter-SGSN SRNS relocation. In case of inter-SGSN SRNS relocation, the old SGSN initiates the relocation resource allocation procedure by sending a Forward Relocation Request message (IMSI, Tunnel Endpoint Identifier Signalling, MM Context, PDP Context, MBMS context, Target Identification, UTRAN transparent container, RANAP Cause) to the new SGSN. If required, the PDP context contains GGSN Address for User Plane and Uplink TEID for Data (to this GGSN Address and Uplink TEID for Data the old SGSN and the new SGSN send uplink packets).  At the same time a timer is started on the MM and PDP contexts in the old SGSN. The Forward Relocation Request message is applicable only in the case of inter-SGSN SRNS relocation. 

4) The new SGSN sends a Relocation Request message (Permanent NAS UE Identity, Cause, CN Domain Indicator, Source-RNC to target RNC transparent container, RABs to be setup) to the target RNC. This includes point-to-point and MBMS RABs. Only the Iu Bearers of the RABs are setup between the target RNC and the new-SGSN as the existing Radio Bearers will be reallocated between the MS and the target RNC when the target RNC takes the role of the serving RNC. Iu user plane optimization can take place for MBMS RABs used by many UEs. After all necessary resources for accepted RABs including the Iu user plane are successfully allocated; the target RNC shall send the Relocation Request Acknowledge message (RABs setup, RABs failed to setup) to the new SGSN. For each RAB to be set up, the target RNC may receive simultaneously downlink user packets both from the source SRNC and from the new SGSN. This may not apply for MBMS RABs, FFS
5)
When resources for the transmission of user data between the target RNC and the new SGSN have been allocated and the new SGSN is ready for relocation of SRNS, the Forward Relocation Response message (Cause, RANAP Cause, and RAB Setup Information) is sent from the new SGSN to old SGSN. This message indicates that the target RNC is ready to receive from source SRNC the forwarded downlink PDUs, i.e. the relocation resource allocation procedure is terminated successfully. The Forward Relocation Response message is applicable only in case of inter-SGSN SRNS relocation.
6)
The old SGSN continues the relocation of SRNS by sending a Relocation Command message (RABs to be released, and RABs subject to data forwarding) to the source SRNC. The old SGSN decides the RABs to be subject for data forwarding based on QoS, and those RABs shall be contained in RABs subject to data forwarding.  This may not apply for MBMS RABs, FFS
7)
The source SRNC may, according to the QoS profile, begin the forwarding of data for the RABs to be subject for data forwarding.

8)
Before sending the Relocation Commit the uplink and downlink data transfer in the source, SRNC shall be suspended for RABs, which require delivery order. The source RNC shall start the data-forwarding timer. When the source SRNC is ready, the source SRNC shall trigger the execution of relocation of SRNS by sending a Relocation Commit message (SRNS Contexts) to the target RNC over the Iur interface. The purpose of this procedure is to transfer SRNS contexts from the source RNC to the target RNC, and to move the SRNS role from the source RNC to the target RNC. SRNS contexts are sent for each concerned RAB and contain the sequence numbers of the GTP-PDUs next to be transmitted in the uplink and downlink directions and the next PDCP sequence numbers that would have been used to send and receive data from the MS. 

9)
The target RNC shall send a Relocation Detect message to the new SGSN when the relocation execution trigger is received. For SRNS relocation type "UE not involved", the relocation execution trigger is the reception of the Relocation Commit message from the Iur interface. When the Relocation Detect message is sent, the target RNC shall start SRNC operation.

10)
The target SRNC sends a UTRAN Mobility Information message. This message contains UE information elements and CN information elements. The UE information elements include among others new SRNC identity and S‑RNTI. The CN information elements contain among others Location Area Identification and Routeing Area Identification. The procedure shall be co-ordinated in all Iu signalling connections existing for the MS.


Upon reception of the UTRAN Mobility Information message the MS may start sending uplink user data to the target SRNC. When the MS has reconfigured itself, it sends the RAN Mobility Information Confirm message to the target SRNC. This indicates that the MS is also ready to receive downlink data from the target SRNC.
For all point-to-point RABs, the target RNC should:

start uplink reception of data and start transmission of uplink GTP-PDUs towards the new SGSN;

start processing the already buffered and the arriving downlink GTP-PDUs and start downlink transmission towards the MS.

For all MBMS RABs, the target RNC should:

start processing the arriving downlink GTP-PDUs and start downlink transmission towards the MS.
11)
Upon receipt of the Relocation Detect message, the CN may switch the user plane from source RNC to target SRNC. If the SRNS Relocation is an inter SGSN SRNS relocation, the new SGSN sends Update PDP Context Request messages (new SGSN Address, SGSN Tunnel Endpoint Identifier, QoS Negotiated) to the GGSNs concerned. The GGSNs update their PDP context fields and return an Update PDP Context Response (GGSN Tunnel Endpoint Identifier). 

12)
When the target SRNC receives the UTRAN Mobility Information Confirm message, i.e. the new SRNC—ID + S‑RNTI are successfully exchanged with the MS by the radio protocols, the target SRNC shall initiate the Relocation Complete procedure by sending the Relocation Complete message to the new SGSN. The purpose of the Relocation Complete procedure is to indicate by the target SRNC the completion of the relocation of the SRNS to the CN. 

13)
Upon receiving the Relocation Complete message or if it is an inter-SGSN SRNS relocation; the Forward Relocation Complete message, the old SGSN sends an Iu Release Command message to the source RNC. When the RNC data-forwarding timer has expired the source RNC responds with an Iu Release Complete.

After the MS has finished the RNTI reallocation procedure and if the new Routeing Area Identification is different from the old one, the MS initiates the Routeing Area Update procedure.
7.5.2 Broadcast architecture

The support of Broadcast mode service relies on the following principle:

· Long term service announcement allow the UE to be aware of Broadcast services

· Broadcast service activation is always initiated by the BM-SC server

Broadcast service can be provided in a phased approach:

· A first phase explained in 7.5.2.1 uses a direct interface between BM-SC and RNC. 

· A second phase explained in 7.5.2.2 uses MBMS PDP Contexts concepts.

7.5.2.1 Broadcast service with direct interface between BM-SC and RNC

7.5.2.1.1 MBMS Broadcast service activation

This scenario requires fewer changes in the UMTS network as it is based on re-use of the CBS principle that impacts the RNC and the BM-SC network elements without impacting GGSN and SGSN. This scenario allows more rapid deployment of the MBMS Broadcast service.
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Figure 6: Broadcast service with interface between BM-SC and RNC

1. A signalling connection is established between the BM-SC and the RNC(s). 

2. BM-SC requests the RNC to establish RBs for a MBMS broadcast service. User Plane is established between the BM-SC and the RNC(s).

3. Broadcast RBs are established. It is FFS in UTRAN group. 

4. The RNC acknowledges the MBMS broadcast activation.

7.5.2.1.2 MBMS Broadcast Data Transfer
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Figure 7: Broadcast service data transfer

1. BM-SC sends MBMS data to the RNC

2. The RNC forwards data on appropriate radio bearers. The RNC can sends a MBMS data notification.

7.5.2.2 Broadcast service with MBMS PDP Contexts in the CN

7.5.2.2.1 MBMS Broadcast service activation

This scenario uses MBMS PDP Context concepts. It involves all UMTS network elements: RNC, SGSN and GGSN. 
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Figure 8: Broadcast service with MBMS Contexts activation

1. BM-SC request MBMS broadcast PDP Context activation to the SGSN(s). This may be based on existing Network Requested PDP context activation messages (FFS).

2. SGSN sends Create MBMS context request to a GGSN to request the creation of a MBMS context and establishment of GTP tunnel between SGSN and GGSN.

3. GGSN sends a MBMS Service Request to BM-SC to request MBMS service parameters like e.g. QoS and MBMS service area. Whether this could be optimized so that MBMS service parameters are provided in the Network initiated service activation is FFS.

4. BM-SC acknowledges this request by sending a MBMS Service Response, indicating the MBMS service QoS and MBMS service area.

5. GGSN sends a MBMS service join message to BM-SC, in order to join the MBMS session provided by BM-SC. This message is sent only once per GGSN and may be based on existing IETF multicast protocols, like MLD, IGMP, PIM, etc. 

6. GGSN sends Create MBMS context response for confirmation of the establishment of GTP tunnel to SGSN. MBMS service parameters, e.g. MBMS service area and QoS, are provided.

7. SGSN activates the broadcast RAB with the RNC it manages. SGSN signals the MBMS service area to the appropriate RNCs in the MBMS RAB assignment request.
8. The SGSN sends Activate MBMS context accept to BM-SC. It is FFS whether this is based on existing network Requested PDP Context procedure.
7.5.2.2.2 MBMS Broadcast Data Transfer
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Figure 9: MBMS broadcast service notification and data transfer setup

1. BM-SC sends MBMS data to the GGSN

2. MBMS PDUs from BM-SC arriving in GGSN is forwarded on appropriate GTP tunnels towards SGSN(s). 

3. The SGSN forwards MBMS PDUs to the RNCs. RNCs forwards data on appropriate radio bearers. The RNC can sends a MBMS data notification.

3.
Conclusion

It is proposed to add the content of section 2 above in section 7.5 (titled “Option E”) of the MBMS TR and to remove option D and F from the TR.
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9. MBMS transmission Response
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