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1. Introduction

An MBSFN area consists of a group of cells that are coordinated by a simulcast transmission technique realized by transmission of identical waveforms at the same time from multiple cells [1]. This coordination has been agreed to be carried out by an MBMS Coordination Entity (MCE) [2], but for deployments with a very large number of eNBs, it may be necessary to have more than just one single MCE as coordination instance [3], while an MBSFN Synchronization Area may exceed the area controlled by a specific MCE. Recent contributions in RAN3 have addressed this problem by employing a hierarchical approach with master and slave MCEs [4,5]. However, hierarchical approaches interfere with the goal of having an LTE architecture that is as flat as possible. In this contribution we propose to coordinate MCEs in the Enhanced Packet Core (EPC). The main obstacle of involving the EPC, namely the dogma of having a completely radio-agnostic core network, is solved by abstracting the EPC control information to a level that is independent of the used radio access network. Moreover, the proposed solution works for both lightweight and non-lightweight deployments.
2. Discussion
2.1. Basic principle

In order for the EPC to remain radio agnostic, Radio Resource References as an abstraction of radio resources and physical layer configuration are defined. These references allow to hide any radio specifics like allocation of TTIs, MCS (Modulation and Coding Scheme), RB (Radio Blocks).

For the EPC Radio Resource References simply represent an equivalent of radio resources sufficient to provide a well-defined bit rate on an MBMS Bearer service. In the E-UTRAN the Resource References are mapped to radio resources and a physical layer configuration by mapping rules configured in the MCEs by the E-UTRAN operator. Note: A comparable kind of abstraction is the SAI (Service Area Identifier) concept applied in Rel-6.
2.2. Implementation
First of all the provider of the MBMS user service (BM-SC operator) and the E-UTRAN operator make service level agreements on the MBMS Bearer Services. These agreements comprise the Service Areas represented by a respective list of SAI (Service Area IDs), the aggregated bit rate available for eMBMS user services, some restriction in respect of time, and possibly further information. In the envisaged scheme, the BM-SC is additionally provided with a set of Resource References by the network operator.

For the BM-SC these references only represent the equivalent of a certain bit rate provided by the reference resources, whereas the resources physically assigned and the configuration of the radio are not known by the BM-SC.  The E-UTRAN operator configures its MCEs with a mapping from Resource References to resources, i.e. resource=f(resource_reference). For special cases, a cell-specific configuration should also be possible, e.g. to set up guard areas, where resource=f(resource_reference, cell).

Eventually, the BM-SC provides a Resource Reference within the MBMS Session Start request: MBMS SESSION START (TMGI, QoS=<label,…>,Resource Reference, Service Area, …..) (Fig.1) . This session start is distributed at least to all MCEs within the MBMS Service Area. 
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Fig.1: A Resource Reference is included in the MBMS Session Start Request message sent by the BM-SC/GW
 to the MCEs.
A Resource Reference is not session or service specific allowing to minimize the configuration effort, since no service or session specific configuration is necessary. The scope of the Resource References can be either restricted
 to certain service areas or are of PLMN wide scope. The BM-SC (or MBMS GW FFS) links the proper Resource Reference to an actual session for which it intends to initiate an MBMS Bearer.
2.2.1. Preparation by the E-UTRAN operator
Before the session starts there is some preparation in the form of an offline configuration by the E-UTRAN operator (Fig.2). It is assumed that there is anyway some coordination between the user service level functions represented by the BM-SC and the E-UTRAN operator resulting in Service Level Agreements, i.e. the BM-SC has some knowledge about restrictions on the number of parallel MBMS sessions or the aggregated bit rate of such parallel services. This shall allow that in general the initiation of MBMS bearers by the BM-SC will not fail due to a lack of resources. Also a mapping of the intended geographical coverage of the user service to Service Areas within which the MBMS Bearer Services are distributed has to be established. The Service Areas are represented by lists of SAIs, which are configured by the E-UTRAN.  
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Fig.2: Offline preparation phase: The E-UTRAN Operator provides Service Area descriptions by SAI sets and grants Resource References to the BM-SC and configures the MCEs.

In the frame of such a coordination between BM-SC and E-UTRAN, the E-UTRAN operator can provide the BM-SC with Resource References, which represent the Service Level Agreement between user service provider and E-UTRAN operator. In this agreement the E-UTRAN makes a commitment to provide sufficient resources for sessions initiated by the BM-SC within defined Service Areas as long as the traffic caused by the services is within the agreed boundaries, e.g. represented by a certain supported aggregated bit rate during determined times.

2.2.2. Allocation of radio resources to sessions by the MCE

The MCE function allocates resources to be used for the transmission of an MBMS service session using  PtM-MC (point-to-multipoint multi-cell) transmission for an SFN operation. These resources are not available for PtM-SC (point-to-multipoint single-cell) and unicast transmission in the eNB. If the selected transmission mode is PtM-SC, the resources are scheduled by the eNB.
In case the MCE receives Radio Resource Reference(s) in the Session Start message it allocates the resources in accordance with the mapping rules preconfigured by the E-UTRAN operator. In case the Session Start does not contain Radio Resource Reference(s) the MCE allocates resources autonomously from the available resources, which have not been allocated to Radio Resource References by mapping rules.
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Fig.3: Exemplary signaling between BM-SC/GW and MCE
Fig.3 shows an exemplary signaling between BM-SC/GW and MCE. First of all, Resource Reference ResRef1 is used to initiate an MBMS Bearer establishment for a PLMN-wide service. Secondly ResRef3, which would in principle be valid for a PLMN-wide service, is used for two localized services whose Service Areas are non-overlapping, i.e. the same Resource Reference can be used for different areas as long as they don’t share a common intersection. In the following it is shown that the same is true in the time domain: As soon as the session with TMGI=1 is stopped, the corresponding Resource Reference can now be reused for another service – the service with TMGI=1 and the service with TMGI=2 are non-overlapping in time.
2.3. Lightweight versus non-lightweight deployments

eMBMS Logical Architecture allows for two deployments (Fig.4):

· “Lightweight” deployment where MCE functionality is hosted in each eNB and M3 interface is terminated in the eNB.
· “Non Lightweight” Deployment of MCE functionality in separate physical nodes. M3 is terminated in the MCE physical node. 
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Fig.4: Comparison between lightweight and non-lightweight deployment. The proposed solution that the EPC coordinates the MCEs is suitable for both deployment types.
In both cases coordination between MCEs is necessary if SFN transmission over Service Areas larger than the area covered by the cells controlled by a single MCE is desired. Our proposed solution that the EPC coordinates the MCEs works for both deployment types. Additional note: The M2 interface is assumed to be much more signaling-intensive (measurements, counting/polling, frequent reconfigurations) than the M3 interface, which means that the lightweight deployment would allow to reduce system complexity and interoperability issues. 
2.4. Rules for resource allocation by the eNB, E-UTRAN preconfigured resources for Resource References, and autonomous allocations by MCEs
The following general rules regulating the cooperation between the entities BM-SC, MCE and eNB when using Resource References apply:

· The RRM function in the eNB is responsible for the allocation of the available radio resources for the non-MBSFN transmission i.e. the eMBMS PtM-SC transmission and also for the allocation of radio resources for unicast bearers in case of mixed cells. The available resources are those which are not allocated for MBSFN transmission.
· The MCE function is responsible for the allocation of resources for the eMBMS PtM-MC transmission (i.e. MBSFN transmission) and to configure the respective subframes for MBSFN transmission. Meanwhile these resources are not available for PtM-SC or unicast transmission in the eNB as long as the eNB is taking part in the transmission of the eMBMS session and as long as the selected transmission mode is PtM-MC. If the transmission mode becomes PtM-SC or the eNB is no longer taking in part in the transmission, the resources previously scheduled by the MCE are made available to the eNB by configuring the respective subframes for non-MBSFN transmission. Note that in [6] RAN1 relevant aspects of allocation of subframes to MBSFN and non-MBSFN transmission are discussed.
· If an MCE receives Radio Resource Reference(s) in the Session Start message and the transmission mode is PtM-MC, the MCE allocates the resources in accordance to the mapping rules preconfigured by the E-UTRAN operator. However, if the Session Start does not contain Radio Resources Reference(s), the MCE autonomously allocates resources from the available resources, which are not pre-allocated by some mapping rules to Radio Resource References.
· In case MCEs are collocated with eNBs (as in the lightweight architecture), the same rules apply as if the MCE would be part of a separate node.
2.5. Handling of Guard Areas

It is assumed that Guard Areas are part of the Service Area. However the mapping of Resource References to resources might be different:

· Static MBSFN area configuration (first case ): The E-UTRAN operator may decide that the Guard Area is used to optimize the coverage in which case the Guard Area allocation is as in the non Guard Area case.
· Static MBSFN area configuration (second case): The E-UTRAN operator may decide that the Guard Area is used for interference mitigation between neighboring areas in which case it would configure a mapping of the Resource Reference for these cells to a resources usage restriction.

· Dynamic MBSFN area configuration: The transmission mode selection function determines which cells take part in the MC transmission. The allocation of this function is FFS (might be part of MCE, but could also be part of eNB).

In summary, the usage of Resource References does not restrict the application of guard areas.

3. Conclusion

A solution for inter-MCE coordination has been proposed:
· In a preparation phase the E-UTRAN operator allocates Resource References to the BM-SC and configures the corresponding mapping rules in its MCEs (Resource Reference to assigned resources and physical layer parameters). After the preparation phase these Resource References and the mapping are used to bind MBMS Sessions to radio resources used for session transmission.
Advantages:

· The solution is equally suitable for lightweight and non-lightweight deployments.

· The scheme does not impact any possible further optimizations on the M2 interface. As a matter of fact, if an operator decides not to apply inter-MCE coordination no Resource References will be configured.
· The number of hierarchy levels stays at a minimum.

· High robustness against message losses and inconsistencies, because the algorithm and all state information is in the BM-SC.

· Suitability for overlapping SFN areas: Resource Reference allocation in accordance to E-UTRAN operator network planning and (self-)optimization
It is proposed to adopt the proposed coordination scheme and to acknowledge the suitability of this scheme for both lightweight and non-lightweight deployments.
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� Note that in this and the following sequence charts the following simplifications have been applied. The signalling between BM-SC and GW is not explicitly depicted but only indicated by the labelling BM-SC/GW. We show only a MBMS Session Start message and leave it open if session control signalling will be performed by acknowledged procedures or not.





� The tdoc only aims at the demonstration of the basic principles. The example of a scope restriction of resource references on Service Areas are only indicative and shall not preclude other refinements of the concept (e.g. to allow to aggregate resource references or to introduce QOS restrictions, etc.) .
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