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1 Introduction 

The performance advantages of E-MBMS through macro diversity combining have been well documented. The multi-cell MBMS transmission mode applied to a Single Frequency Network (SFN) area should allow the UE to receive the energy combination of the same signal sent by several cells belonging to the SFN area, as if it had received the energy of this signal from a single cell.

The multi-cell MBMS transmission mode requires a tightly network synchronization/coordination within the SFN. 

This document proposes an architectural model for the support of E-MBMS services and discusses how the RRM coordination for multi-cell transmission can be achieve in the network.

2 Discussion 

2.1 E-MBMS architectural model

The contribution first looks at the requirement for SFN operation, and the architecture for MBMS services using an MBMS controlling functional entity.  

2.1.1 Requirements for SFN operation

Three aspects of the SFN network synchronization/coordination for the support of MBMS multi-cell transmission mode can be distinguished as follows:

· Radio interface synchronization 

All the eNBs involved in the SFN operation must be synchronised and it is assumed that all the eNodeBs controlling cells belonging to a given SFN area share a common radio frame numbering that allows the simultaneous transmission of the MBMS data in a same frequency.   The E-UTRAN inter-eNodeB synchronization mechanism is not discussed in this document. 

· Resource allocation

The resource allocation ensures that the same radio resource blocks are allocated to the same MBMS session across all the synchronized eNodeBs. In order to achieve this requirement, coordination is needed.

· Resource reservation can be done semi-static by pre-configuration or dynamically at the time of session start. 
With pre-configuration, a certain resource pool is reserved use by MBMS services.  The same resource blocks can then be reserved in all the eNBs.  The resource pool is shared between the MBMS services.  Such pre-configuration ensures that the same resource blocks will always be available for MBMS services and there is no need for any signalling at the time of a session start.  This is simple in terms of RRM but could be wasteful if the reserved resources cannot be used for dedicated services when there are not many MBMS services ongoing at any time
The other option is to allocate resources at the time of an MBMS session start.  At the time of an MBMS session starts, additional resources are allocated to the MBMS resource pool.   Alternatively, if reserved resources can be used for dedicated services when there is no MBMS data, one can also consider MBMS service specific resource allocation instead of a shared pool of MBMS resources.  This option requires inter-RRM signalling for the distributed RRM server option and is discussed in more detail in a different contribution (see [1]).  

· At the RRM layer, Radio Bearer Control (RBC) must be homogeneously performed in the synchronized cells.  In case of an MBMS resource pool, admission control may need to be performed to check for resources in the pool and in case of dynamic, whether the eNBs have enough resources.

· Having the same flow of MBMS data packets delivered to all the eNodeB means that the header compression applied to this flow must be identical.

· The same segmentation mechanisms must be homogeneously applied to the incoming packets,

· At the MAC layer, the same MTCH to MCH mapping/multiplexing configuration must be applied in all the synchronized cells,

· At the physical radio layer, the same radio interface Packet Scheduling (PSC) algorithms, including the selection of the coding and modulation, and any possible TDM multiplexing of MBMS services, must be performed, based on a multi-cell configuration received from the RBC function, on various MBMS data traffic profiles (constant or variable bit rate) issued from different sources (network sharing) and on possible feedback reported by the UEs. 

· Data synchronization

The data synchronization ensures that all the synchronized eNodeB transmit data simultaneously over the radio interface.   This requires that the data is scheduled by all the eNBs simultaneously over the same resource blocks using the same MCS.

This can be achieved by having some scheduling information in each packet arriving at the eNB.  The scheduling information could be the radio frame number and identification of the resource block that the data must be sent or could be a timestamp that is mapped uniquely by the eNBs to a resource block.

Architectural solutions to address these requirements are discussed below.

2.1.2 E-MBMS architecture

2.1.2.1 An MBMS controlling Entity (MBE)

To support the above requirements it is proposed to identify a functional entity dedicated to the handling of MBMS, called MBMS controlling entity in this document.
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The main function of the MBMS controlling entity, is the handling of the MBMS SAE bearers towards eNodeBs that use the multi-cell transmission mode, particularly:

· Resource allocation for an MBMS service. Each MBMS controlling entity handles a pool of radio resources reserved for a set of MBMS sessions using the multi-cell transmission mode and ensures that these radio resources are efficiently shared between the MBMS sessions active in each eNodeB
· Radio Bearer Control (RBC) and Radio Admission Control (RAC)

· MCS selection, Segmentation (configured by the RBC function) may be performed, Configuration of MTCH to MCH mapping/multiplexing

· Time multiplexing of MBMS service in the MBMS resource pool 

· PDCP Header Compression 

The MBMS controlling entity ensures that the same HC is applied to an SFN area. 

· Data synchronization    

The synchronization mechanisms allow the packets associated to an MBMS session to be simultaneously sent at the radio interface within an SFN area. For this function, the MBMS controlling entity must be synchronised with the eNBs.  This is done by either including the frame number in each packet header or by timestamping each packet as described the section above.  If timestamps are used, then the MBMS controlling function should define and provide the mapping function from a timestamp to resource block 

The MBMS controlling entity does not support UE dedicated functions.

The figure below gives a high level message flows at session start regarding the MBMS controlling entity:
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During the activation of an MBMS session, the BM-SC sends the requested SAE bearer QoS profile to the MBMS controlling entity.  The MBMS entity knows how its controlled MBMS radio resources are used in the synchronized cells belonging to the MBMS area indicated by the BM-SC. It can perform a coordinated Radio Admission Control and decide the more efficient Radio Bearer Configuration and Packet Scheduling rule that can be applied to the new MBMS session.

The BM-SC also sends to the MMEs all the information that is needed to allow them to inform each eNodeB about the presence of UEs having subscribed to the session.

Each eNodeB can then decide to setup or not a Radio Bearer for the MBMS session, using the multi-cell or single-cell transmission mode. If the eNodeB decides to set up a multi-cell Radio Bearer, it sends a request to the MBMS controlling entity:

In multi-cell transmission mode, the eNodeB relies on the RAC performed by the MBMS controlling entity, which also provides the eNodeB with the Radio Bearer configuration and Packet Scheduling rules.

2.1.3 Detailed Analysis of the proposal

This section looks at the finer issues regarding the proposal like network sharing, single-cell mode, retransmissions, dynamic MCS selection, etc.

2.1.3.1.1 Network sharing

A factor influencing the architecture is the network sharing requirements. Typically, one can expect that the different service providers have their own services; one can even envisage an MBMS only service provider on top of home network operators providing their own MBMS services.  Whether this requires multiple several MBMS controlling entities, which may be administrated by different operators is FFS.   Use of disjoint MBMS resource pool or co-ordination of the resource pool for this case is also FFS.

2.1.3.1.2 Single Cell transmission mode

If the eNodeB decides to use the single-cell transmission mode, the eNodeB/aGW must have the original MBMS data stream from the BM-SC.  All the functionality described above like admission control, MCS selection, the Header Compression etc. must be done separately for the single cell transmission.

2.1.3.1.3 Dynamic MCS selection

In the case coding and modulation can be dynamically adapted depending on the UE answers to polling within the SFN area (see [2]), the MBMS controlling entity will dynamically adapt the PSC to the selected coding and modulation scheme. However this will require signalling of the UE feedback to the MBMS controlling entity.

2.1.3.1.4 Retransmissions

If the retransmission of MBMS packets (initially sent on MCH) is needed by an eNodeB in an SFN cell (see [3]) after some feedback reported by one or several UEs, the affected eNodeB can locally retransmit the data, provided that the packets are buffered in the eNodeB. This would not affect the MBMS controlling entity that also may need to buffer the incoming traffic before processing and sending it in a synchronized way to each eNodeB. The PDCP layer being transparent for the eNodeB, the retransmission would not use the PDCP sequence number. 

3 Summary and Proposals 

The contribution looked at the requirements to support MBMS multi-cell SFN operation in LTE.  It proposed an MBMS controlling function to provide most of the functionality identified in the contribution.  It also briefly addressed the resource allocation RRM functionality required for MBMS.  If acceptable it is proposed to capture the requirements and the functionality provided by the MBMS controlling entity in the TR  

TR 25.912 v7.0.0 defines the RBC, RAC and PSC functions as being part of the eNodeB. It is proposed to distinguish the RBC, RAC and PSC functions related to MBMS operating in multi-mode-cell transmission mode from the RBC, RAC and PSC functions related to unicast services and MBMS operating in single-cell transmission mode.

TR 25.912 v7.0.0 defines the header compression function as being part of the PDCP layer located in the MME or UPE. It is proposed to allow the location of the PDCP layer in the MBMS controlling entity for MBMS operating in multi-cell transmission mode.
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