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1. Introduction
In the latest version of the TS36.300, it is stated that both single-cell mode and multi-cell mode can be applied to transfer the MBMS service data in E-UTRAN.  For the air-combining gain, the MBSFN mode is adopted as the fundamental scheme and the several relevant concepts, e.g. MBSFN Synchronization Area, MBSFN Transmission and MBSFN Area, are also defined for the effective MBSFN operation.
This contribution aims to discuss the MBSFN management and propose a distributed method of the dynamic MBSFN area handling.
2. Discussion

2.1 MBSFN area
As stated in the TS 36.300 v8.1.0, there are three types of the cell elements defined in the MBSFN area. The first kind of the cell in a MBSFN is the MBSFN Area Transmitting and Advertising cell (TAC) which is the principal part of an MBSFN area. The second kind of the cell is the MBSFN Area Transmitting-Only cell (TOC). And the last one is the MBSFN Area Reserved Cell. The main object of the TOC and Reserved cell is to form the guard area of an MBSFN to prevent the interference to the signal of TAC from the signal ejected by other cells, which are out of the scope the MBSFN area. As shown in Figure 1, an MBSFN GAP is composed of either the TOC or the Reserved Cell.
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Figure1: MBSFN Area

Our assumption is that the guard cells should be configured around TACs and the cell character (e.g. a guard cell or a TAC) is decided before the MBMS service data being transferred. At the same time, the type of the guard cell is also decided, e.g. TOC or Reserved cell. It should be considered that the type of a guard cell is not decided by the relevant eNB or the MCE involved. The type of a GAP cell can be preconfigured by the network based on the coverage requirement of the MBMS service.
The coverage distribution of an MBMS service is constrained by an MBMS service area based on the MBMS service plan. For the radio coverage planning, it is necessary to define which cells shall form an MBSFN area with the character of tight time-synchronization and using the same radio resources for the identical MBMS data content.
Here, another assumption is that transmission mode of the cell in the MBMS service area should be preconfigured semi-statically. The transmission mode, as well as the cell type of the MBSFN GAP, for certain MBMS service area can be semi-static information in a cell. The MBSFN mode requires rather rigid RRM coordination between the cell elements of a MBSFN area. As illustrated in [4], the MCE is in charge of indicating the radio resources for multi-cell MBMS transmission in MBSFN operation, without the negotiation with the involved eNBs.
2.2 MBSFN dynamic management
In the previous meetings, many contributions from companies aim to discuss the feasibility for dynamic MBSFN areas. As discussed in [1], MBSFN dynamic handling, by which the MBMS transmission in the cells of the MBSFN area could be turn on/off based on the interested UEs existence, is both to save the power resource and to reuse the radio resources for unicast service transmission. 
The counting result of the interested UEs based on a cell is the basic information used by the MBSFN management that supports the SFN area to promptly match the distribution of users who are interested in the related MBMS service. As soon as the counting result is successfully obtained, according to a rational principle, such as the network topology based scheme, the network can automatically create the final MBSFN area to transmit the MBMS service. 
The most important benefit of the SFN mode is to get the the transmission macro-diversity gain over multiple cells. According to the counting result, the effective MBSFN area is created dynamically. This new MBSFN area may consist of both the cells with the interested UEs and their surrounding cells.
From the resource reuse point of view, the possibility of resource reuse of the MBSFN resources is of short-term. However, it is beneficial that the MBMS transmission is turned off in the areas without any interested UEs and to lend the unused MBMS spectrums for some unicast traffic until the MBMS services need those frequency spectrums again.
For the dynamic MBSFN management, a centralized scheme to switch on/off the MBMS transmission in a cell is applied at the MCE entity as illustrated in [1], in which as a result of the counting procedure, the centralised MCE knows the number of users in each cell, even if it changes. The ENB should report the counting result to the MCE if multi-cell transmission mode is used. Another option would be for the ENB to only report to the MCE whether the counting result of the number of users is zero or not. 
From the load-balanced network point of view, the dynamic MBSFN is preferred to be in a distributed manner. 
2.3 Distributed MBSFN management
In distributed dynamic MBSFN management, the procedure to switch on/off the MBMS transmission for a certain cell is not based on all of the counting results over the whole MBSFN area. There is only a need to collect and check the counting information with respect to those cells which are close enough to the involved cells. Comparing with the distributed dynamic manner, the centralized approach would consume remarkable process capacity in the entity of MCE to decide whether or not to turn on the MBMS transmission for each cell in the MBMS service area, especially in the nationwide MBMS service area. The centralized dynamic MBSFN management is seen as a high-load manner of control plane in the network on account of the frequent signalling exchange between the eNBs and the centralized MCE entity when the interested UEs distribution is changed in the network. It is very challenging for one MCE entity to support nationwide MBMS area. 
In contrast with the centralized dynamic MBSFN management, in the distributed approach the relevant signalling exchanges occur only between the involved eNBs over the X2 interface. So, the signalling overhead for dynamic MBSFN control is scattered through the whole network by reusing the X2 interface of the unicast architecture. Therefore, the information about the interested UE existence of a certain cell should be distributed to the surrounding cells for the decision on the switch off/on the MBMS service transmission. 
Another attraction is that the distributed approach can naturally support the dynamic MBSFN area in lightweight deployment of the eMBMS, since there is no need to involve the MCE entity for the distributed manner.The information for the distributed dynamic MBSFN management exchanged between the neighbouring Cells/eNBs is briefly investigated below.
As discussed in section 2.1, the transmission mode of the cell in the MBMS service area should be preconfigured semi-statically. I.e., the transmission mode of the cell can be a pre-configured value with respect to the relevant MBMS service area.
The GAP thickness of a MBSFN, as simulated in [5], may be larger than 2-ring of cells and is not a fixed value through the nationwide network. There is a need that the eNBs forming a MBSFN are preconfigured with parameter of the GAP thickness before they form the dynamic MBSFN area with the GAP cells. So the GAP thickness of a MBSFN can be another pre-configured value.
In the GAP area, it is necessary that an available type of the GAP cell is selected from the candidates (TOC or Reserved cell) based on the network plan. Then, the type of the GAP cell is also a pre-configured value.
In addition to those pre-configured values above, there are still several kinds of the functions and their parameters that should be investigated in terms of the distributed MBSFN management.
Basically, the distributed MBSFN management is characterized by the information exchange over the X2 interfaces between the eNBs to indicate the existence of interested UEs for the certain MBMS service. The GAP thickness of a MBSFN may be larger than 2-ring of cells, it is implied that a cell with interested UEs may affect not only its first ring of cells but also its second ring of cells. 
So, there is a potential need that the information of interested UE existence in a certain cell should be informed both the neighbouring cells in the first ring and the cells in the second ring. It is not necessary that the information of interested UE existence in a certain cell exchange directly with its second ring of cells. A feasible manner is that the existence information is first sent to its first ring, and then passed to its next ring based on the neighbouring information of the involved cells, because an eNB is only aware of its neighbouring cell information.
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Figure 2:  Exchanging the information of the interested UE existence.
For example the cell with the interested UE is illustrated as Cx in the Figure 2. The first ring of cells is composed of the group of C1-1, C1-2, C1-3, C1-4, C1-5, and C1-6. Meanwhile, the second ring of cells is represented by the C2-N. When there are the interested UEs in the Cx, the information on the existence is transferred in first to the C1-3, C1-4 ,C1-5,C1-6, C1-1, C1-2, and then is forwarded to the C2-N by the first ring of cells.
The semi-static parameter that indicates the GAP thickness, for example 1-ring or 2-ring of cells and so on, needs to be define by the network (e.g. OM entity) for eNBs  to effectively form the MBSFN area with the GAP cells. The scheme to map this semi-static GAP parameter to the step-by-step transmission procedure of the UE existence information needs further study.
With the distributed manner of information exchange, an eNB is not only the information sender but also the receiver at the same time. There is a crucial need that the redundant transmission of the MBSFN information like the GAP thickness should be avoided. The relevant optimization of the information exchange in the distributed network is also FFS.
Additionally, the distributed MBSFN management referred in this contribution is primarily based on the information exchange between the involved eNBs over the X2 interfaces. As the auxiliary scheme for the existence information of the interested UE can also be encapsulated in the transparent container over interface above eNB and transferred to the target eNBs in case of the X2 interface is not available in an unexpected scenario.
As soon as an eNB/cell received the existence information of the interested UE from its surrounding cells, the decision to switch on/off the MBMS service transmission in the expected cell can be made by the eNB without the MCE involvement according to the received information. And then, the eNB can require the MBMS synchronization information from the MCE and join the corresponding MBMS group if the decision of MBMS service transmission is switching on. 
Now, the expected MBSFN is formed in a distributed manner and the corresponding MBMS service is going to be transferred over this MBSFN area.
3. Conclusion
In this contribution we discuss the distributed scheme of the dynamic MBSFN management. The decision on switching on/off the MBMS transmission in a certain cell is taken in a distributed manner at the eNBs. The existence information of the interested UE in a certain cell is transmitted also in a distributed manner. The algorithm and other relevant parameters used for the decision on switching on/off the MBMS transmission can be preconfigured semi-statically in the eNBs.
It is proposed that MBSFN management should be supported in distributed manner in order to further reduce the transaction load in the MCE entity. It is also proposed to include the section 2.3 into the corresponding section of TS36.300. 
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