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1 Introduction

Currently the design of MBMS in LTE/SAE is still very immature, and much progress is needed before this aspect of the LTE/SAE Stage 2 can be considered complete. 
This contribution proposes a list of principles to help develop the MBMS design in LTE/SAE, and then provides the procedures which are needed to support the MBMS transmission techniques. 
2 UTRAN Requirements
When designing the MBMS for LTE we should ensure that we learn from our experience of designing MBMS for UTRAN and GERAN. It is suggested that the following requirements of the overall system design of Rel-6 MBMS had the greatest impact on the overall system design complexity and efficiency:
1) The UTRAN needs to verify the identity of the UE prior to providing the MBMS service to the UE.

2) The UTRAN needs to verify that a UE responding to counting has subscribed to an MBMS service before transmitting the service on the cell. 
3) The 3G UE is required to be in PMM connected state when receiving MBMS on a PTP RB, and in some case when receiving MBMS on a PTM RB.
3 LTE/SAE Working Assumption Proposals
It is proposed that the following is agreed and captured as the working assumptions for MBMS design in LTE/SAE:

1) No AS ciphering or integrity protection to be performed on MBMS user plane and MBMS-related signalling. 
a. Unless it proves to be simpler for UEs which are active simultaneously in MBMS and non-MBMS activities for the MBMS signalling and user plane to align with the security of the non-MBMS. 
b. It is assumed that UE centric mobility can be employed to avoid any security threats when no ciphering or integrity protection is active between the UE and the eNodeB.
2) No UE Subscription verification is performed by the eNodeB for MBMS sessions/services and therefore no UE context information is required to be propagated to the eNodeB from the CN..
3) The MBMS state machine is separate from the state machine for NAS for LTE, i.e. the UE can be in RRC connected state and PMM Idle.
a. The UE receiving MBMS either can receive the paging channel in parallel to the MBMS Service, or the eNodeB can perform some basic paging co-ordination.

b. The UE performs MM procedures and SM procedures independently to MBMS reception, e.g. (Periodic) TAUs and Service Request sent by the UE even if receiving MBMS.
4) MBMS Services can be in one of two modes: 

a. MBMS Broadcast mode - MBMS services sent in this mode are blindly transmitted everywhere within the MBMS Service Area by the eNodeB, and UEs do not need to leave RRC Idle to receive MBMS.
b. MBMS Multicast mode - MBMS services sent in this mode are not blindly transmitted everywhere, and the UEs receiving LTE MBMS are either in RRC Idle or RRC connected state, 

No MBMS context is required to be established by the UE in the MME or MCE, for either MBMS Broadcast or MBMS Multicast mode in LTE
4 MBMS Architecture Working Assumption
4.1 Architecture based on Rel-6 MBMS Broadcast
Mapping the Rel-6 MBMS Broadcast functionality to the LTE/SAE architecture, yields the following architecture:
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Figure 1 MBMS Architecture in LTE/SAE – Architecture based on Rel-6
The SAE GW in SAE is the equivalent of the GGSN in 3G, and provides the interface to the Access technologies, however it does not seem to provide any real functionality.
· Currently the transfer of the MBMS User Plane between the BM-SC and the GGSN can either be a PTP connection, or transported over IP Multicast.  The GGSN just duplicates the user plane packets onto the next hop node (i.e. the SGSN).
· SAE GW just passes the MBMS control signaling from the BM-SC to the next hop node (MBMS MME).
So we could assume that:

· The BM-SC supports IP Multicast at the Transport Layer for the Userplane; and

· The number of MBMS MME (and the equivalent in non-3GPP systems) is small for an MBMS service (i.e. less than 100) and therefore the number of Gmb interfaces the BM-SC has to support is acceptable (and a control hierarchy is not required to be introduced); and
· The non-3GPP system can use Gi and Gmb if required.

The SAE-GW is not providing any useful functions and could be precluded from the architecture.
In the above picture, the MBMS MME provides the interface between the SAE-GW and eNodeB, and performs radio resource allocation co-ordination amongst a group of eNodeBs. To achieve the gains from SFN combining for a very popular MBMS service, the size of the group of eNodeBs has to be significant proportion of network. 
The MBMS UPE and the MBMS MME needs to work together to ensure the User plane packets are encapsulated with a timestamp or Sequence Number and that the eNodeB is provided with enough information in the control plane to understand how the user plane packets received are mapped to the radio resources. As the only function of the MBMS UPE function is the framing of the user plane, this function of the MBMS UPE could be collapsed into the MBMS MME or the BM-SC. 
4.2 Minimised MBMS Architecture
Therefore based on the above argumentation, the following architecture and functional split is an alternative and minimised solution for MBMS in LTE/SAE. 
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Figure 2 MBMS Architecture in LTE/SAE – Minimised Architecture
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	The eNodeB is provided needs to be provided with enough information to allow it to unambiguously map downlink user plane packets received from the network to the correct radio resource allocation. This mapping can be completed in a number of ways, which probably requires the user plane to be passed through the MCE such that a framing protocol e.g. a timestamp, can be added by the MCE or for the user plane to be passed directly from the BM-SC to the eNodeB and the user plane packets includes a very general framing protocol such as GTP-U. The framing protocol needs to allow the eNodeB to identify packet loss, and therefore for the eNodeB to be able to insert a transmission gap on the radio where the downlink packet should have been transmitted.
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	The transmission of the user plane packets from the network to the eNodeB should rely on IP Multicast to manage the packet duplication, such that scalability can be ensured.
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	It is proposed that the Application Layer signalling is (based on) that defined by SA4 and OMA BCast for MBMS Rel-6.
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	It is proposed that the interface between the BM-SC and the MCE re-uses the Gmb interface definition for Rel-6 MBMS Broadcast, with some additional parameters in messages, e.g. inclusion of some further service information


4.3 Proposed way forward on MBMS Architecture
As can be seen above the architecture below the MCE is independent on the final MBMS architecture decided by SA2. Therefore the following functional split could be assumed for MBMS in LTE/SAE:
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Figure 3 MBMS Architecture in LTE/SAE – Proposed functional split
There are three procedures on the Control Plane from the BM-SC to MCE, which the MCE-CP entity needs to handle:
· MBMS Session Start

· MBMS Session Update (e.g. modifying the MBMS Service Area)
· MBMS Session Stop

RAN 2/3 will provide a list of parameters which need to be provided to the MCE-CP beyond those already passed on the Gmb interface in the MBMS Session Start Request message.
SA2 will decide which architecture is required to support the propagation of the MBMS user plane packets and MBMS control plane messages to the MCE, and decide which non-RAN group specifies the interface(s) between the BM-SC and the MCE.
The MBMS User Plane packets received by the MCE-UP in the downlink are either clean user plane packets without any additional packet framing, or any additional framing or tunneling is removed by the NAS part of the MCE-UP. 
5 Conclusion

This contribution has proposed a number of assumptions for MBMS in LTE, as well as the assumed functional split for the MBMS architecture in LTE/SAE, which should be discussed and agreed.
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