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1 Introduction and Discussion
At the previous RAN3 meetings there have been a number of contributions related to various MBMS issues in LTE. In the discussion both the MBMS Coordinating Entity (MCE) and MBMS GW was introduced. 
This contribution aims at further enhancing the MBMS reference architecture for SFN transmission in RAN3, by further defining the functionality of the different entities and the reference points between them. The focus on the contribution is on aspects affecting the RAN / CN split. CN internal aspects are out of scope. It is proposed to adopt the MBMS reference architecture to the RAN Stage 2 TS 36.300.
The architecture for non-SFN transmission is FFS.
2 Discussion
General considerations on scalability and capacity:

MBMS adds point-to-multipoint (also called broadcast) functionality into mobile networks. MBMS only makes sense, if a large terminal population is interested in receiving the transmission. The terminal population might be densely distributed (all UEs gathered in some cells like a football stadium) or sparsely distributed (large receiver groups, but none or only some terminals in the cells). Therefore, scalability is more an issue than capacity: Using IP Multicast as transport in the network, only a single flow is sent out by the BM-SC and needs to be handled by the MBMS GW. However, the mobile transport network replicates the flows to target each eNB individually. Thus, only a limited number of simultaneous flows must be supported simultaneously, but potentially a huge number of eNBs must be controlled. Thus, the control plane must be carefully designed to be able to control all these eNBs of one MBMS service simultaneously.
Figure 1 shows possible reference architecture for MBMS in SAE / LTE. The architecture is based on enhancements to the MBMS broadcast functionality of earlier releases.
The following logical entities are introduced:

Note: It is FFS if these logical entities are co-located with other entities used for unicast data.
MBMS GW:

Is an entity with both control plane and user plane that sits between the content provider (e.g. BM-SC) and the eNBs. The MBMS GW will be involved in the MBMS session start/stop, and will also participate in the content synchronization for MBMS services using SFN (i.e. the mUPE functionality which has previously been discussed in RAN3). The MBMS GW (both control plane and user plane) may authenticate the content source (e.g. BM-SC), so that only authenticated sources are allowed to establish/teardown MBMS bearers and send data via MBMS. From a logical point of view it is expected that this entity is a part of the Evolved Packet Core.
The Control Plane part of MBMS GW allocates a transport IP Multicast address for the session and adds it to the session start message. eNBs in the MBMS service join the transport IP Multicast group to receive the user plane traffic. The control plane part of MBMS GW further offers an evolved Gmb interface towards the BM-SC for session control signaling. 

MBMS GW provides also the possibility to handle MBMS access to UTRAN and GERAN. The interoperability between LTE MBMS and UTRAN MBMS, GERAN in details is FFS. 
MCE:

Is an entity responsible for coordinating the usage of SFN transmission in the E-UTRAN. The detailed functionality required to coordinate the SFN transmission is FFS, however it is expected that the MCE at a minimum should be able to decide which cells should join the SFN and to configure the slot configuration etc. for the MBMS SFN transmission. And MCE shall receive session start/stop from MBMS GW and then send session start/stop to corresponding eNBs for the MBMS SFN transmission. The following advantages are seen of having the MCE involved in the sessions start/stop:

· It significantly reduced the amount of signaling that the MBMS GW needs to perform and makes the M1 interface a pure user plane interface, which makes sense since the MBMS GW thanks to IP multi-cast does not need to be such a high capacity node.

· Since the MCE is anyway needed in order to perform SFN coordination it makes sense to involve it already in the session start phase in order to improve the SFN coordination.

MCE shall send the IGMP group information so that eNB would know which group to join for the established session. 
It is assumed MCE is a pure control plane entity and is a part of the E-UTRAN.
The MCE will be responsible for all the eNBs in a given area (it will be a hieratical node). Thus, several MCEs might be involved for offering MBMS services. The interface between MCEs is FFS.
The following logical interfaces are introduced:
M1:

Is a logical interface between the MBMS GW and the eNBs. The transport on this interface will be based on IP multi-cast. The MBMS content will most likely need to be transport in some framing or tunneling protocol, in order to support content synchronization and other functionalities. 

IP multi-cast signaling will be supported in the TNL layer in order to allow the eNBs to join an IP multi-cast group.
It would be desirable of the M1 interface is a pure user plane interface.
Consequences if M1 is not standardized:

It will be difficult to set-up an SFN with eNBs and MBMS GW from different vendors. Since this would most likely not be acceptable it is proposed to adopt a working assumption that the M1 interface will be standardized.
M2:

Is a logical control interface between the MCE and the eNBs. This interface is used to coordinate the setting up of MBMS service in the eNBs for SFN operation. It is expected that the MCE will have a master role in the coordination, while the eNBs provide feedback to the MCE. 

It is expected that M2 will have the same signaling transport layer as S1/X2.

Consequences if M2 is not standardized:

It will be difficult to set-up an SFN with eNBs from different vendors. Since this would most likely not be acceptable it is proposed to adopt a working assumption that the M2 interface will be standardized.
M3:

Is a logical control interface between the MBMS GW and the MCE.  This interface will have similar functionality as currently specified for MBMS over Iu (RANAP), meaning that the MCE would take the role of the RNC with regards to setting up MBMS resources, while the MBMS GW takes the role of the SGSN.

Consequences if M3 is not standardized:

Either the MCE needs to be incorporated in the MBMS GW. This is technically possible; however it requires that the MBMS GW is involved in the eNB configuration, which might required detailed radio knowledge in the MBMS GW, which might be less convenient. In addition this makes it difficulty to make the MBMS GW a pooled resource. 
Alternatively the M1 and M2 interface could be used instead of the M3 interface, this is also technically possible however is not so convenient since it requires that the M1 interface has a control part.
It is therefore proposed to adopt a working assumption that the M3 interface will be standardized.
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Figure 1 Proposed overview architecture for MBMS in SAE / LTE
3 Example Signaling Procedure
Figure 2 shows an example of the session start procedure using the proposed MBMS architecture. The details of theses procedure is FFS, however in this contribution they are included as examples in order to show the intended functionality of the different logical entities. 
The session start procedure is initiated by the BM-SC towards the MBMS GW, this part of the procedure would be outside of the RAN3 scope, however it is expected that the procedure could be based on existing BM-SC ( GGSN procedures with enhancements.
When the MBMS GW receives the session start indication it will send a session start message to the MCE (, the MCE will notify the eNBs, for which the MCE is responsible for. The eNBs may perform some polling or counting in order to determine if any users are interested in the session. The result of the polling/counting will be reported back to the MCE who will take the decision of SFN should be used. The MCE will then configure the eNBs for SFN transmission. 
The actual MBMS content will be delivered using IP multi-cast from the MBMS GW. The eNBs will be involved in setting up the IP multi-cast tree.
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Figure 2 Example Session Start Procedure (details FFS)
4 Conclusion

It is proposed to adopt the reference architecture proposed in section 2 as a basis for further MBMS work and to include it in TS 36.300.
Furthermore it is proposed to adopt the following working assumptions:
· An interface M1 is standardized between the MBMS GW and the eNB
· An interface M2 is standardized between the MCE and the eNB
· An interface M3 is standardized between the MBMS GW and MCE
Text proposal to TS 36.300 is shown in the CR [1].
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