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The SA1 working group has approved a service requirements document for the Multimedia Broadcast/Multicast Service (TS 22.146). The Multimedia Broadcast and Multicast Service (MBMS) allows for unidirectional point to multipoint transmission of data to multiple subscribers. The MBMS supports such transmission while conserving network resources both in the core-network and the radio access network (RAN and GERAN).

The following document discusses MBMS, and the means by which it may be realized. It proposes a transport network architecture for efficiently fulfilling service features and requirements.

The architecture is based on the following principles:

1. A new network component is introduced, namely the Broadcast Multicast Service Center (BM-SC). The BM-SC is used to control and manage broadcast and multicast services within one or more PLMNs. Several BM-SCs may exist within a single PLMN. A BM-SC may be co-located within a GGSN.

2. A protocol to interface with the BM-SC from outside the PLMN is suggested.

3. The Gn interface is enhanced so as to allow the BM-SC to use different SGSNs to route multicast and broadcast traffic through them to the set of RNSs which they interact with. 

4. The Iups/Gb is enhanced so as to allow the SGSN to request allocation of radio-resources for multicast and broadcast traffic and to allow the SGSN to route such traffic to the RNSs within its domain.
5. The Uu/Um interface is enhanced to allow for multicast and broadcast traffic to be transmitted.
6. A management protocol, Broadcast and Multicast Management between MS and SGSN is suggested.

7. UE/MS Internal interfaces such as the R-interface, MExE, SIM/USIM are enhanced to provide MBMS functionality.

8. SGSN is enhanced so that multicast and broadcast related functionality is supported.
9. The RNS controllers, namely the PCU/BSC and the RNC are enhanced allowing reception and control of multicast and broadcast traffic. Necessary alterations to the other RNS components (e.g. BTS, Node-B’s) are beyond the scope of this document.

1
Scope

The present document describes a proposed Multimedia Broadcast/Multicast Service (MBMS) architecture in light of the MBMS service requirements found in [1].
2
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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the following terms and definitions 3GPP TR 21.905 [1] apply.

3.2
Abbreviations

For the purposes of the present document, the following abbreviations apply:

MBMS

Multimedia Broadcast/Multicast Service

BM-SC

Broadcast Multicast Service Centre

BM-SE

Broadcast Multicast Service Entity

BMM

Broadcast Multicast Management

BMSCP

Broadcast Multicast Service Control Protocol

VASP

Value Added Service Provider

CGF

Charging Gateway Function

Other abbreviations used in the present document are listed in GSM 01.04 [1] and 3GPP TR 21.905 [20].

2 General Description

The MBMS [2] is a point-to-multipoint service in which data is transmitted from a single source entity to multiple subscribers. Transmitting the same data to multiple users allows network resources to be shared and thereby conserved. Common radio channels may be utilized. Other network resources may be shared by several users or network components.

The MBMS may be used in one of two modes:

· Broadcast Mode - Broadcast mode allows for data to be transmitted within a known broadcast area. In broadcast mode data transmissions are made available to all users within the broadcast area and transmission is carried out whether or not any receivers are to be found within the coverage area.

· Multicast Mode – Multicast mode allows for data to be transmitted to a known group of subscribers within a multicast area. In multicast mode, subscribers that have been subscribed to a given multicast service may activate the service and receive any multicast transmissions associated with it. It should be possible to carry out multicast transmissions only in those cells where subscribers that have activated the service are to be found. Multicast mode also allows for data to be secured allowing for private transmissions to a closed user group.

In both modes, MBMS supports QoS levels, service continuity (i.e. mobility) and charging.

3 General Architecture and Service Functionality

3.1 MBMS Access Interfaces

Several access points are defined for the MBMS service.

3.1.1
MS/UE Internal Interfaces

The MS/UE should be able to provide the user with Multimedia Broadcast and Multicast Services by being able to receive broadcast and multicast transmissions. Hence, the R interface [3], Cu interface and MExE should allow applications to select and receive broadcast and multicast data as part of higher layer services.
3.1.2
Gmb Interface

The Gmb interface allows for VASP (e.g. service providers or content providers) to initiate and manage multicast and broadcast transmissions over one or more PLMNs. The Gmb interface serves as the entrance point for multicast and broadcast data into the network. It must also carry some control and signaling functionality to enable external VASPs to determine the service characteristics such as location of transmission, QoS. It should support secured and authenticated data transmission and enable the PLMN operator/s to charge VASPs for service delivery.

3.2 High Level Functions

Multimedia Broadcast/Multicast Service is associated with several logical functions that should be provided by the network.

3.2.1 VASP Authentication and Authorization

· The MBMS should be able to identify and authenticate the VASP prior to receiving control or data from it.

· VASPs may be limited in the types of services they may provide and therefore each broadcast or multicast transmission they make, must be authorized by the MBMS. For example, A VASP may be allowed by MBMS to target only specific multicast groups or may be limited in geographical area or QoS.

3.2.2 Multicast and Broadcast Transmission Control

· The MBMS should provide the means by which a VASP may dynamically initiate, control and terminate multicast and broadcast transmissions. It should also enable the VASP to supply the associated parameters for such transmissions (e.g transmission priority, targeted multicast group, required QoS levels, multicast area or broadcast area).

· The MBMS should be able to accept broadcast and multicast data from VASPs and must be able to verify the authenticity of the data source.

· To the extent possible, the MBMS should also indicate to a VASP, the actual transmissions carried out and their associated parameters.

Note: Acknowledgements of reception by the MS/UE or reliability and retransmission mechanisms for non real-time data are FFS.

3.2.3 Multicast and Broadcast Transmissions

· The MBMS should be able to transmit multicast and broadcast data to different subscribers based on transmission parameters and subscribers permissions.

· MBMS should enable the secure transmission of multicast data allowing for private multicast sessions for closed user groups. Secure transmissions are achieved by ciphering/deciphering the data.

3.2.4 Efficient Routing and Resource Usage

· The MBMS must be able to efficiently route multicast and broadcast data within the network. Specifically, where network and radio resources may be shared common resources should be used. 

· The MBMS should support dynamic multicast resource allocation where-by data transmission to a multicast group is carried out in certain cell only if multicast group members are to be found in that cell.

3.2.5
Mobility Management

· The MBMS must support service continuity when moving from cell to cell. In case of handover, broadcast and multicast radio resources should be established with the smallest possible delay in order to minimize data loss. If target cell is not within the designated multicast or broadcast area than service is terminated.

· MBMS should enable roaming users to receive both home and local multicast services. Roaming users should be able to receive local broadcast services as well.

3.2.6 UE/MS Service Initiation and Termination

· The UE/MS must be able to initiate and terminate broadcast service reception.

· The UE/MS must be able to initiate and terminate multicast service reception by joining and leaving a multicast group. 

· The MBMS must be able to authorize subscribers to join multicast groups (i.e. receive multicast services). Subscribers that are not members of the multicast subscription group must not be authorized to join the multicast group and receive multicast transmissions.

3.2.7 Charging

· MBMS should be able to generate charging information for transmission of broadcast and multicast data. Typically this charging information would be used to charge the VASP for content delivery.

· MBMS may be able to generate charging information for multicast service subscription and/or reception. This is FFS.

3.3
Network Elements

A single network architecture provides broadcast and multicast services to RAN and GERAN RNSs in both Iu and Gb modes. Architecture is depicted in Figure 1. The architecture introduces a new network component, namely the Broadcast Multicast Service Centre (BM-SC). The BM-SC is used to provision, control and deliver broadcast and multicast services within one or more PLMNs or parts there-of.
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Figure 1: MBMS Network Architecture
BM-SC

The BM-SC is responsible for the provisioning, control, prioritization, delivery and charging of multicast and broadcast services within one or more PLMNs or parts there-of. The BM-SC receives provisioning information and traffic from one or more BM-SEs and delivers the associated broadcast and multicast services to subscribers within its domain. It is conceivable that The BM-SC is also responsible for generating charging information so that service and content providers may be charged. Charging of subscribers is relevant only to multicast services.

A BM-SC may be an independent multicast and broadcast enabled network component. Alternatively, a BM-SC may be collocated with a GGSN thereby reusing the GGSN’s Gn and Gp interfaces.

BM-SE

The BM-SE is an external entity that may be under the authority of a VASP. The BM-SE shall have an interface to the BM-SC allowing it to provision and deliver multicast and broadcast services. The interface requires the BM-SE to be authenticated by the BM-SC so that the BM-SE operator may be charged for contents and services delivered.

SGSN

New functionality is introduced into the SGSN. The SGSN must be able to route multicast and broadcast traffic from the BM-SCs to the RNSs with which it interacts. The SGSN accepts multicast and broadcast traffic via an enhanced Gn interface that allows the BM-SC to perform the necessary signaling for broadcast and multicast services using the GTP-C [5] protocol.

RNS

New functionality is introduced into the RNS and specifically the RNS controlling entity, namely the PCU/BSC or the RNC. The RNS must be able to transmit multicast and broadcast data to the mobile stations found within its coverage area. Multicast and broadcast transmissions are signaled and delivered via an enhanced Iu-ps interface. The enhanced interface allows the SGSN to signal for multicast and broadcast transmissions using an enhanced RANAP protocol [4]. Enhancements to intra-RNS and inter-RNS protocols and RNS internal entities are beyond the scope of this document.

MS/UE

The MS/UE must be able to receive broadcast and multicast traffic based on user preferences and requests and to provide the user with requested broadcast and multicast data. The MS/UE internal interfaces (SAT/USAT/MExE, R, Cu) must allow for applications to access select and receive broadcast and multicast data.

CGF

The CGF will be able to collect, from the BMSC, charging information for broadcast and multicast transmissions. Charging information is collected via the Ga interface.

4 Functional Description of Network Elements

4.1
Broadcast Multicast Service Centre (BM-SC)

The BM-SC is responsible for the following list of functions:

· Identification and authentication of BM-SEs.

· For each BM-SE-requested broadcast or multicast transmission, negotiation of transmission parameters including geographical area, QoS parameters, transmission priority, duration, targeted multicast group/s and security mechanisms.

· Prioritisation of broadcast and multicast transmission based on BM-SE requested priorities and BM-SC internal policies. 

· Control of broadcast and multicast transmissions via the enhanced Gn interface.

· Relay of broadcast and multicast data from the Gmb interface to the enhanced Gn interface.

· Verification of source for broadcast and multicast data.

· Encryption of multicast data for privacy assurance.

· To the extent possible, indication to the BM-SE of the actual transmissions carried out.

· Generation of charging information for both broadcast and multicast transmissions.

4.2 SGSN

The SGSN is responsible for the following list of functions:

· Authorization of subscriber requests to join multicast group.

· Acceptance of MBSC initiated broadcast and multicast control and relay of broadcast and multicast data towards the RNS.

· Provisioning of RABs for broadcast and multicast data using an enhanced RANAP/BSSGP.

· Relay of RNS generated transmission reports to the BM-SC.

· Support for inter-RNS and inter-SGSN mobility of multicast group members.

4.3 RNS

The RNS is responsible for the following list of functions:

· Relay of broadcast and multicast provisioning, control and data from the Iu-ps/Gb interface to the Uu/Um interface based on the requested multicast and broadcast areas.

· Support for intra-RNS and inter-RNS mobility of multicast group members.

· Dynamic resource allocation on the Uu/Um interface for multicast transmissions. Transmissions on Uu/Um may be carried out only if multicast group members are receiving this traffic.

· Generation of transmission reports.

4.4 UE/MS

The MT is responsible for the following list of functions:

· Reception of broadcast data based on requests received from user or via UE/MS internal interfaces (SAT/USAT/MExE/R). If data is encrypted, MT will decrypt the data.

· Activation of multicast group join operation based on user and network originated requests.

· Reception of multicast data transmitted for a previously joined multicast group.

5 Protocol Framework and Functionality

The suggested architecture requires a new interface and calls for changes in several existing interfaces. Changes introduced include:

· An additional Gmb interface, allowing for external BM-SE broadcast and multicast data transmission and control.

· An new broadcast and multicast management protocol between MS and SGSN.

· Enhancements to the Gn interface.

· Enhancements to the Iu-ps/Gb interfaces.

· Enhancements UE/MS internal interfaces including MExE, R (TI), and SAT/USAT.

· Enhancements to the Uu/Um interfaces.

5.1
Gmb Protocol Framework and Functions

The Gmb interface should allow for broadcast and multicast transmission control and data. It is assumed that broadcast and multicast data is received via the PDN from the BM-SEs.

The control of broadcast and multicast transmission shall be carried out using a Broadcast Multicast Service Control Protocol (BMSCP). BMSCP uses TCP/IP as a reliable underlying protocol for the delivery of control information in both directions (See Figure 2).
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Figure 2: Gmb Control Plane Framework

It should be possible to send broadcast and multicast from the BM-SE to the BM-SC over unreliable UDP or over reliable TCP. The data may be transmitted using standard UDP or TCP and transport addresses exchanged using the BMSCP protocol.

The Gmb interface and specifically the BMSCP should support the following functions:

· Authentication of BM-SE by BM-SC. Possibly a 3 way handshake of request-challenge-response should be supported.


· Secure transmission of BMSCP messages possibly using a form of TLS (e.g. SSL).

· BM-SE originated provisioning of broadcast and multicast transmissions. Provisioning request parameters include transmission type (broadcast/multicast), minimal/requested QoS parameters, transmission priority, geographical area, transport type (UDP/TCP), targeted multicast group/s, start and duration. Provisioning response may reject the request or accept it indicating a transport address and authentication/encryption keys with which the data is to be sent.

· BM-SE originated modification of previously provisioned broadcast and multicast transmissions.

· BM-SE/BM-SC termination of previously provisioned broadcast and multicast transmissions.

· BM-SC originated start/stop transmission functionality.

· BM-SC originated transmission reports identifying where and in what capacity transmissions were carried out. (Optional).

5.2
Enhanced Gn Interface Functionality

To enable broadcast and multicast functionality within the core-network it is proposed to extend the Gn interface protocols, namely the GTP-C protocol. The extension enables a BM-SC to provision, control and terminate broadcast and multicast transmissions as needed.

The following additional functions should be supported by the Gn interface.

· BM-SC originated provisioning of broadcast and multicast transmissions. Provisioning request parameters include transmission type (broadcast/multicast), minimal/requested QoS parameters, transmission priority, geographical area, transport type (acknowledged/unacknowledged), targeted multicast group/s, start and duration, decryption key for data. Provisioning response may reject the request or accept it indicating a GTP TEID for delivering the data.

· BM-SC originated modification of previously provisioned broadcast and multicast transmissions.

· BM-SC/SGSN termination of previously provisioned broadcast and multicast transmissions.

· SGSN originated start/stop transmission functionality. This may be used if data cannot be transmitted or in multicast mode if no subscribers have requested the service.

· SGSN originated transmission reports identifying where and in what capacity transmissions were carried out. (Optional).

5.3
Broadcast Multicast Management Protocol (BMM) 

BMM is a control plane protocol enabling the MS to control and manage the broadcast and multicast transmissions it receives. BMM messages are exchanged between the MS and the SGSN over the network layer.
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Figure 3: BMM Protocol in Control Plane

The following functions are to be supported by the BMM protocol.

· MS activated and SGSN authorized multicast group join operation. Upon joining the multicast group the MS will be able to receive all transmissions related to this multicast group. The MS will identify the multicast group it wishes to join. If accepted the SGSN will return the decryption key if data is being encrypted by BM-SC.

· SGSN initiated multicast group join. The network may request the MS to join a multicast group.

· MS/SGSN initiated multicast group leave operation.

· SGSN advertisement of currently available broadcast transmissions.

· MS originated reports of received data. (Optional).

5.4 Enhanced UE/MS Internal Interface Functionality

UE/MS internal interfaces such as the R interface, MExE, SAT/USAT should provide mobile hosted applications with the following functions.

· Application initiated multicast group join/leave operations.

· Transmission of received broadcast and multicast data to application.

· Indication to application when SGSN initiated multicast group join is requested.

· Upon request, relay of currently available broadcast transmissions.

5.5 Enhanced Iu-ps/Gb Interface Functionality

To enable broadcast and multicast functionality in the RNS it is proposed to extend the Iu-ps and Gb interfaces. The extension should allow for SGSN control of broadcast and multicast transmissions using an enhanced RANAP/BSSGP protocol. In Iu-ps it is proposed that broadcast and multicast data is transmitted to the RNS using GTP-U.

The Iu-ps and Gb interfaces should be able to provide the following functions:

· SGSN originated RAB assignment for multicast and broadcast transmissions. Provisioning request parameters include transmission type (broadcast/multicast), minimal/requested QoS parameters, geographical area, transport type (acknowledged/unacknowledged), targeted multicast group/s, start and duration. Provisioning response may reject the request or accept it indicating the means by which broadcast and multicast transmissions are to be sent to the RNS.

· SGSN originated modification of previously provisioned broadcast and multicast transmissions.

· SGSN/RNS termination of previously provisioned broadcast and multicast transmissions.

· SGSN subscriber assignment to multicast RABs. Upon joining a multicast group and/or upon actual multicast data transmissions the SGSN will assign all multicast group members to the previously provisioned multicast RAB.

· RNS originated start/stop transmission functionality. This may be used if data cannot be transmitted or in multicast mode if no subscribers have requested the service.

· RNS originated transmission reports identifying where and in what capacity transmissions were carried out. (Optional).

5.6 Enhanced Uu/Um Interface

The Uu/Um should provide the following functions:

· Transmission of broadcast and multicast data over common transport channels and physical channels with differing QoS parameters.

· Advertisement the set of broadcast services currently available.

· Assignment of MT to multicast transmissions based on join-operations issued via BMM.
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