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1. Introduction

In the previous meeting, we concluded that the SFN expansion has some advantage. How to make SFN expansion and shrinking haven’t discussed yet. In this contribution, the SFN area expansion and SFN area shrinking procedure are discussed.

2. Discussion

In the SFN area, there are three types of the cell. One type of the cell is transmitting cell. One type of the cell is contributing cell, Another type of the cell is the reserved cell. The guard cell in this document refer to the border cell of the SFN area, it could be the contributing cell or reserved cell. If the guard cell is the contributing cell, only data is transmitted. If the guard cell is the reserved cell, neither data nor signalling of the specific EMBMS service is transmitted. The resource used for multi-cell transmission for this specific EMBMS can be used for other unicast service with limited power.

2.1 SFN Area Expansion.
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Figure 1 SFN area Expansion
We assume guard cells should be configured around transmittingcells. At the time of Session Start, the MCE determines the cell character, e.g. it is guard cell or transmittingcell. The guard cell belongs to the SFN area. 

If a UE leaves the cell that is transmitting EMBMS service, the UE moves into a guard cell first. The ENB knows the first user is moving in by RRC message. 

While whether the guard cell should transmit MBMS data is not decided, if the resources used for MBSFN transmission have been assigned to other services in the guard cell, the guard cell could decide the transmission mode is single cell transmission mode, using different resource. 

If resources used for MBSFN transmission are available, or the ENB can free assigned resources for MBSFN transmission, the situation is somewhat different. The guard cell obtains the resource configuration used for the MBSFN transmission during the Session Start procedure. The ENB could decide that the EMBMS service is to be delivered by multi-cell transmission mode, however the ENB cannot make this decision without the involvement of the MCE. The guard cell notifies the MCE of the first EMBMS user that arrives into this cell. 
The MCE may check if the neighboring cell of the guard could become to the new guard cell. If the resources used for MBSFN are not available in the neighboring cell, the neighboring cell cannot be act as the new guard cell.  In this case the MCE could reject the use of multi-cell transmission mode in the guard cell. Single cell transmission mode could be used in this guard cell. Otherwise, the MCE could decide to employ multi-cell transmission mode in the guard cell and configure a new guard cell. The procedure for signalling SFN area expansion is proposed below. ENB1 is the old guard cell. The ENB2 is the normal cell. It is the neighboring cell of ENB1.

Another alternative is triggered by eNB. If the guard cell is contribution cell, there is data transmission in the guard cell, the eNB should perform periodical counting, and report the counting result to the MCE. The MCE then decide whether the SFN area should be expanded. It is operator can make the decision whether the SFN area expansion is triggered by the first user moving in or by periodical counting result. 

Conclusion: SFN expansion is triggered by the first user moving into the guard cell or by periodical counting result performed in guard cell.

2.2 SFN Area Shrinking
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Figure 2 SFN area shrinking
As a result of the counting procedure, the MCE knows the user number 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 if the counting result of the user number is zero. If a significant period off time elapses in which there is no user interested in the EMBMS service, the MCE may decide to shrink the SFN area. A cell with zero MBMS users no longer participates in multi-cell transmission. In addition, SFN area shrinking may have an impact to the neighboring cell of a cell that is no longer part of a multi-cell transmission. The removed cell may become a new guard cell, as showed in the figure, the guard cell can become to a normal cell. As showed in the figure 3, the cell 2 is a guard cell. The cell 1 is in multi-cell transmission. After SFN shrinking, the cell 1 become a new guard cell, the cell 2 become a normal cell.

Conclusion: SFN shrinking is triggered by periodical counting result performed in guard cell.
2.3 Signaling flow for SFN area expansion/shrinking
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Figure 3 SFN area expansion/shrinking signalling flow
1. The ENB1 reports the UE number to the MCE. The reporting could be based on event trigger or periodically. The ENB could get the UE number by periodically counting, or by UE indication. When UE is the first user arrives, The ENB sends UE Number Notify message to the MCE, including the EMBMS service Id and UE number. Otherwise, the ENB could send the UE Number Notify periodically.

2. The MCE decides the transmission mode, based on the user number and the available resource in the ENB1 and its neighboring cells. 

If the first user moves in, MCE could decide to expand the SFN transmission area. The cell under ENB1 should provide PtM-MC transmission. Two conditions should be fulfilling to configure the guard cell to transmitting cell. One is the cell should have available resource for SFN transmission. Another is the neighboring cell could be configured as the new guard cell. MCE sends a message Session Update to ENB1 to activate EMBMS data transmission. MCE notify the transmission mode (PTM-SC, or PTM-MC) and allocated SFN resource to the ENB1. 

If there is no users would like to receive EMBMS data, MCE decide to shrink the SFN transmission area. Transmitting cell could be reconfigured to be a guard cell. The old guard cell is reconfigured to be a normal cell. MCE sends Session Update Request message to ENB1 to deactivate EMBMS data transmission. The message includes the Cell type (revered cell, contributing cell, or normal cell) and may include the allocated resource for SFN transmission.

3. The ENB1 sends a response message to MCE.

4. The neighboring cell of ENB1 should be reconfigured. If the SFN area is expand, the new guard cell should be configured. If the SFN area is shrinking, the old guard cell should be switch off. MCE sends a message to ENB2, in this message, includes the Cell type (revered cell, contributing cell, or normal cell). This message may include the allocated resource for SFN transmission.

5. The ENB2 sends a response message to MCE.

3. Conclusion

In this contribution we have discussed and evaluated SFN area expansion/SFN shrinking and show singling flow of how to handle these. It is proposed that SFN expansion/shrinking should be supported. It is proposed to include the section 2.3 into the corresponding section of TS36.300. 
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