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1. Introduction

In RAN3 meeting #56 MBMS architecture was extensively discussed and a logical architecture agreed in post meeting mail discussions. However fundamental details of the control plane interfaces are still open and further clarification and agreements are therefore needed before progress can be made on the specific information exchange on respective interface. This contribution addresses the different proposed solutions, tries to reduce the alternatives and propose way forward. 
2. Background
The following logical architecture has been agreed by RAN3, [1], Figure 1.
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Figure 1 eMBMS Logical Architecture 
It can be noted that the MBMS architecture agreed in SA2 [2], Figure 2, support this view although it is FFS whether the MBMS control and user plane should be integrated or separate joined via an interface. It is also FFS where to terminate the control plane interface, M?-C. 
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Figure 2 MBMS Architecture agreed in SA2
During the joint RAN2/RAN3/SA2 meeting in St. Louis it was agreed to support: 

a.
MBMS Broadcast mode - MBMS services sent in this mode are transmitted everywhere within the MBMS Service Area by the network irrespective of UE location or quantity.  The UEs receiving MBMS in this mode do not need to leave RRC Idle for MBMS reception.

b.
MBMS Enhanced Broadcast mode - MBMS services sent in this mode are not transmitted everywhere and UE location and quantity may be taken into account by the network. The UEs receiving LTE MBMS may need to leave RRC Idle state for MBMS reception.
The logical architecture above is also aiming to support both these modes, but as will be presented in the following sections the architectural alternatives has different capabilities as to meet this requirement. 
The different architectural proposals are revisited below mapping them to the agreed architectures and evaluating them individually. Eventually an attempt to conclude and way forward is proposed. In the pictures below the MBMS-GW is for simplicity depicted as one box, but MBMS CP and UP may also be separated and connected with an interface in between.
2.1 MCE not included in signaling path
This alternative is similar to the proposal in [4], R3-070942. The MBMS GW does not need to involve the MCE in the signaling to initiate an MBMS session, but instead the control plane interface from MBMS GW terminates in the eNB. This is depicted in Figure 3.
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Figure 3 MCE not included in signaling path
This solution would for scalability reasons preferably base M?-C on IP-multicast. It is further assumed that M2 interface would be point-to-point. In Figure 3 it is assumed that MBMS GW does not need any feedback information from the MCE. The M3 interface requirements are dependent on the functional split and would require further study. 
Advantages with this solution are that it could support single cell transmission without any involvement of an MCE, it enables the MCE to be implemented as part of O&M, and it presents one control plane interface path between MBMS GW and eNB. 
The disadvantages are that any dynamic control of the MBMS transmission which is required in order to support Enhanced Broadcast needs to be initiated by the eNB to MCE this is lead to complex and inefficient signaling procedures between eNB and MCE. This will result in additional communication delays and initiation of services. In the case of O&M based MCE it could also be questioned if Enhanced Broadcast is supported at all since the MCE does not have mean to switch between single cell and MBSFN based on user distribution. Hence the implementation of an O&M based MCE would result in either pure Broadcast in MBSFN or Single Cell transmission, switching between the two alternatives would not be possible. 
In scenarios where the initial deployment would be realized without an MCE (Single-Cell transmission) the migration towards more Enhanced Broadcast would also require the implementation of one new interface, M2.
2.2 MCE and eNB control plane connection to MBMS GW
This alternative is similar as proposed in [5] R3-071016 and depicted in Figure 4. 

This solution would for scalability reason preferably also base M?-C on IP-multicast. It is further assumed that M2 interface would be point-to-point. In Figure 4 it is assumed that MBMS GW does not need any feedback information from the MCE. The M3 interface requirements are dependent on the functional split and would require further study.

Note: [6], also indicates that the information over M?-C between MBMS GW and eNB may be different from that signaled between MBMS GW and MCE, this could result in unnecessary complexities for the MBMS GW.
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Figure 4 MCE and eNB control plane connection to MBMS GW
The solution is fairly similar to the alternative in 2.1 with the difference that M?-C/M?-C’’ would terminate in both MCE and eNB. (It could be questioned if this is still a valid alternative since SA2 indicates only ONE interface between MBMS GW and E-UTRAN, it is however still addressed.) 
The advantages with this solution are that it is supports single cell transmission without any involvement of an MCE, it enables the MCE to be implemented as part of O&M, but also enables mean for the MCE take part in the control plane path. 
The disadvantages are that the flexibility introduces two (in principle competing) control plane architectures, and two options to control the eNB, one directly from MBMS GW and one via the MCE, this requires that the eNB to supports two interfaces with similar functionality. It is desirable to reduce the number of options not only for reducing redundant specification, but also to avoid any interoperability issues between vendors. 
In scenarios where the initial deployment would be realized without an MCE (Single-Cell transmission) the migration towards more Enhanced Broadcast would require that the control plane path is switched over completely on a separate path from the initial deployment which could lead to severe migration issues. The evolution of MBMS functionality also has two possible paths, this might cause divergent implementations, one that is eNB focused and another that is more MCE focused. 
2.3 MCE always included in signaling path

This alternative is similar as to the solution in [7] and depicted in Figure 5. 

The MBMS-CP GW communicates only with MCEs in this alternative and hence M?-C terminates in MCE. There may be several MCEs in the system, which serve different geographical areas. The MCE might be a “low complex MCE” for static-MBSFN configurations (Broadcast) or more including more sophisticated handling of radio resources. 
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Figure 5 MCE always included in signaling path
The advantage of this alternative is that the MBMS control plane is the same for all the different scenarios (single cell and [static | dynamic] multi-cell transmission scenarios). A low-complexity MCE allows support early, static MBSFN deployments and offer the opportunity for full MBSFN support without major network changes, which allows for smooth migration. 

Another advantage of this alternative is that the scalability issues of the unicast control plane are solved. The existing signaling protocol (i.e. S1) can be re-used. The MCEs serve as “replication points” for the MBMS control plane and off-loads the MBMS-GW. Thus, the development of a new, MBMS specific control plane on-top-of IP Multicast is not necessary.
Disadvantage of the scenario is the presence of the MCE functionality also in pure single cell transmission scenarios. E.g. even if it the MCE is only responsible for “control plane message replication and routing” in case of static-MBSFN and single cell offerings (thus a low complexity function), it must be present in the system. However, the MCE control of single cell transmitting eNBs also enables switching between single cell and multi cell transmissions and therefore this architecture can supports both Broadcast and Enhanced Broadcast from day one.
3. Summary and Conclusion
All the studied architectures can technically support both Broadcast and Enhanced Broadcast MBMS modes. Alt. 2.1. is however only optimized towards Broadcast only scenario. Alt. 2.2. can be optimized for both scenarios but does not offer any smooth migration between the two proposed control plane paths, which leads to a high risk of market fragmentation. Previous experience from 3GPP standardization has showed that it is important to avoid standardizing multiple competing (partially overlapping) solutions. 
Based on the evaluation it is proposed that either alternative 2.1 or 2.3 is selected since these alternative proposes a single control plane architecture for MBMS. 

Alternative 2.3 is the architecture that best supports both Broadcast and Enhanced Broadcast as well as the migration of MBMS functionality and it is therefore proposed to adopt this architecture.
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