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1 Introduction

The 3GPP TS 36.300 v. 8.1.0 states that the transmission of MBMS in E-UTRAN is either a single-cell transmission or a multi-cell transmission. Additionally there is following definitions agreed related to the MBSFN operation:

MBSFN Synchronization Area: An area of the network where all NodeBs/eNodeBs can be synchronized and perform MBSFN transmissions. MBSFN Synchronization Areas are capable of supporting one or more MBSFN Areas. On a given frequency layer, a NodeB/eNodeB can only belong to one MBSFN Synchronization Area.  MBSFN Synchronization Areas are independent from the definition of MBMS Service Areas

MBSFN Transmission or a transmission in MBSFN mode: a simulcast transmission technique realised by transmission of identical waveforms at the same time from multiple cells. An MBSFN Transmission from multiple cells within the MBSFN Area is seen as a single transmission by a UE.

MBSFN Area: a MBSFN Area consists of a group of cells within an MBSFN Synchronization Area of a network, which are co-ordinated to achieve a MBSFN Transmission.  A cell within an MBSFN Synchronization Area may form part of multiple MBSFN Areas, each characterized by different transmitted content and participating set of cells.
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Figure 1: MBMS Definitions (copy from [1])
MBSFN Area Transmitting and Advertising Cell: A cell within a MBSFN Area which is contributing to the MBSFN Transmission and advertises within the cell the availability of the MBSFN Transmission.

MBSFN Area Transmitting-Only Cell: A cell within a MBSFN Area which is contributing to the MBSFN Transmission but does not advertise within the cell the availability of the MBSFN Transmission. The need for this type of cell is FFS. 

MBSFN Area Reserved Cell: A cell within a MBSFN Area which does not contribute to the MBSFN Transmission. The cell may be allowed to transmit for other services but at restricted power on the resource allocated for the MBSFN transmission e.g. PTP for users at the centre of the cell. 

In this contribution is proposed further working assumption related to the MBSFN operation and MBSFN Area management.

2 Discussion

2.1 E-MBMS transmission mode management
The targeted distribution area of an MBMS service is defined by an MBMS Service area which consists of a group of cells. The cells part of the MBMS Service Area may use MBSFN or single cell transmission mode to deliver the MBMS user data over the radio interface.
For the radio coverage planning there is a need to define, which cells shall formulate the coverage of an MBSFN area. Those cells need to be tight time-synchronized and using same radio resources for unified MBMS user data content. Such a group of cells can be a subset (or in a special case the total part) of an MBMS service area.
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It is assumed that the transmission mode is pre-configured as semi-static information in the cells for each MBMS service area the cell supports. The MBSFN transmission mode requires rather tight RRM coordination between the cells part of the MBSFN area to ensure that the same radio resources are available in each cell of that MBSFN area for certain MBMS service. Based on [2] there is a centralized coordination entity (MCE) which indicates the radio resources to be used for multi-cell MBMS transmission in MBSFN operation; there is no negotiation with the eNB. In case of single cell transmission mode the eNB shall decide on the used radio resources similar to unicast traffic.
The gain of having dynamic transmission mode switching instead of semi-statically pre-configured transmission mode is not clear. Any radio resource savings may exist only in case there are very few UEs in cells that are clearly apart from each other. For such areas the transmission mode can be configured to be single cell mode already from the start of the session. It is expected that the support of dynamic transmission mode switching will only introduce additional complexity to the system due to the procedures needed for the mode switching during a session. The added complexity shall be avoided. Similar functionality can be achieved by dynamic MBSFN area management, which is further discussed in section 2.2. 
Conclusions: A cell may use single cell and MBSFN transmission mode for MBMS traffic. The transmission mode in a cell is same for all MBMS services targeted to certain MBMS service area. The transmission mode of a cell will depend on the targeted MBMS service area.
It should be noted that this approach allows still certain flexibility for setting the transmission mode of a cell, but avoids any complex transmission mode switching procedures during an MBMS session. A cell can be part of several MBMS service areas and an MBMS service may have different MBMS service area ID depending on the expected interested UE distribution although the targeted geographical area would remain similar. Additionally the transmission mode for certain MBMS service area can be semi-static information in a cell.

2.2 Dynamic MBSFN areas

There have been several contributions discussing the concepts for dynamic MBSFN areas. The main reasoning to switch off the MBMS transmission in some cells part of the MBSFN area has been to reuse the radio resources for unicast. During those considerations some aspects have been ignored still so far. 
In case there are several MBMS streams targeted to the same MBMS service area, e.g. Mobile TV services, it would be beneficial to use statistical multiplexing between the streams to improve the radio resource efficiency. If the decision on switching on/off the MBSFN transmission is service-specific, the gain of statistical multiplexing disappears. Additionally the reuse possibilities of the MBSFN radio resources are rather limited, as those resources shall be available for MBSFN transmission when ever needed. The released MBSFN radio resources can only be used for some best effort data (if available)
 However in an MBMS operation scenario with very large MBMS service areas, even nation-wide, without pre-knowledge of the interested UE distribution, and with limited number of parallel MBMS services, there might be situations when the MBMS transmission in the radio interface could be beneficial to be turned-off in the areas without any interested UEs and to allocate the unused MBMS spectrum short term for some unicast traffic until it is needed for MBMS traffic again.
In case of MBSFN mode the decision to turn off the MBMS transmission in a cell cannot be based on the information of the interested UE existence only in that cell. It is necessary to have further information from the situation in the surrounding cells, whether those cells have any interested UEs and whether those cells are having the same MBMS transmission on. Similar conclusions have been presented in [3].
There seems to be different views on whether the decision on the switching on/off the MBMS transmission in a cell should be done in a centralized entity or distributed manner in the cells/eNBs. In this contribution the distributed approach having the eNBs/cells deciding on their own transmission state (on or off) is preferred.
There is no need to have the counting results over the whole MBSFN area to decide the switching on/off the MBMS transmission for a certain cell. The counting information is relevant only from those cells, which are close enough to the considered cell. Additionally the centralized approach would require remarkable processing capacity in the entity deciding for each cell about the turn on/off the MBMS transmission and would increase the signalling load in the network due to the frequent signalling exchange between the eNBs and the centralized entity due to the changes in the interested UE distribution in the network.  Nation-wide MBSFN areas are very challenging to be supported by one MCE. When user distribution changes frequently, MCE may become the bottleneck of the whole dynamic MBSFN due to large signalling overhead. 
In the distributed approach there is signalling exchange only between the relevant eNBs. This distributes the signalling overhead for dynamic MBSFN control over the whole network. As the unicast architecture supports direct interface between the eNBs (X2), the reuse of that interface could be considered to distribute the information about the existence of the interested UE to the relevant surrounding cells. The details of the information exchanged between the neighboring eNBs are FFS. 

It should be noted that the distributed approach will enable dynamic MBSFN areas in lightweight deployments of the E-MBMS with the network architecture presented in [4].

Conclusions: the counting result handling and the decision about the switching on/off the MBMS transmission in a cell shall be done distributed manner in the eNBs/cells. The MCE may define parameters for the algorithm used in the cells to determine the turn on/off the MBMS transmission. 
3 Conclusions and proposal
The document has shown that the targeted coverage area of an MBMS service will define the E-MBMS transmission mode, as a cell using MBSFN or single cell transmission mode will have different coverage.
Especially in case of very large MBMS service areas the distribution of the interested UEs might be different than originally expected. Therefore there could be situations where the MBSFN radio resources could be reused for short term unicast traffic without generating any extra interference to the MBMS reception. 
It is proposed to agree on following working assumptions and capture the related text to TS 36.300:

E-MBMS transmission mode management:

A cell may use single cell and MBSFN transmission mode for MBMS traffic. The transmission mode in a cell is same for all MBMS services targeted to certain MBMS service area. The transmission mode of a cell for an MBMS service will depend on the targeted MBMS service area. 
Dynamic MBSFN areas: 

LTE MBMS may support dynamic MBSFN area management. The counting result handling and the decision about the switching on/off the MBSFN transmission in a cell is done in a distributed manner in the eNBs/cells. The MCE may define parameters for the algorithm used in the cells to determine the turn on/off the MBSFN transmission. The unused MBSFN radio resources may be reused for unicast traffic if it does not impact the MBSFN reception.
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