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1 Introduction
Problem of Co-frequency inter-cell interference has been discussed for a long time, and some schemes are also recommend in [1-13]. SFR (soft frequency reuse) is one of the Interference Coordination schemes which are supported in [14]. In this contribution, schemes of MBMS transmission under the SFR are discussed, especially when the MBMS bandwidth is less than the system’s. (For example, 10MHz is used for MBMS, and the system’s is 20MHz). Result of discussion shows that MBMS transmission does not have much impact on SFR.
2 MBMS Transmission under SFR
2.1 Soft frequency reuse among different cells
For conveniently discussing, the principle of SFR is depicted simply in the following figure and the details can be seen in [1]
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Figure 1 Soft frequency reuse for unicast cells
In figure 1, the whole frequency bandwidth is divided into 3 parts for major frequency sub-bands. Major sub-bands are a group of sub-carriers that defined for a cell, and the other sub-carriers are minor sub-bands for this cell. Major sub-bands (the red part) of cell 1 are minor sub-bands of cell 2, 3, 4, 5, 6, 7. And minor sub-bands (the white part) of cell 1 can be major sub-bands of cell 3, 5, 7 (the green part) and cell 2, 4, 6 (the blue part) also.
The transmitting power of minor sub-bands should be lower than that of major sub-bands.
2.2 MBMS data transmission under SFR
· Scheme A: Do re-arrange the major sub-bands and minor sub-bands
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Figure 2 SFR for unicast and MBMS cells (Scheme A)

This scheme need divide the whole frequency bandwidth into two parts, one part is used for MBMS service specially, the others for unicast service. For this scheme, we need re-arrange the major sub-bands and minor sub-bands for the rest part, usually the rest part is divided into three parts equally as three major sub-bands, and the other sub-bands of the rest part are minor sub-bands, as illustrated in figure 2. The re-arranging information should be informed to all the Node B of unicast cells’.
· Scheme B : Do  not re-arrange the major sub-bands and minor sub-bands
In this scheme, MBMS data is allocated directly on pre-defined bandwidth, the rest part do not need be re-arranged again, as shown in figure 3.  For this scheme, some cells’ major sub-bands are occupied by MBMS inevitably, e.g. the half of cell 3’s major sub-bands (the blue part) is occupied and the whole of cell 2’s major sub-bands (the green part) are occupied. Of course some cells’ minor sub-bands are also occupied. And those sub-bands occupied by MBMS do not have “power limitation” as unicast data does. 
.
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Figure 3 SFR for unicast and MBMS cells (Scheme B)
2.3 The impaction on the data transmission of the neighboring unicast cell edges
For the MBMS transmission, we assumed that all neighboring cells transmit same contents on same frequency bandwidth simultaneously. Note however that this is not necessarily always the case. For example, in some cases, there isn’t any UE that receive MBMS data in some cells, this kind of cells we call unicast cell. In figure 4, cell 3 and cell 4 are unicast cells and cell 1, 2, 5, 6, 7 are MBMS cells. MBMS frequency sub-bands occupied part of minor sub-bands of cell 1. So in order to avoid the interference to neighboring MBMS transmission, all the major sub-bands of cell 4 and part of minor sub-bands (the dark part) should be regarded as minor sub-bands. That means on this dark part sub-bands of cell 3 and 4, unicast data is transmitted using “minor sub-band power”.
In this case, the unicast cell should know the frequency sub-bands occupied by the MBMS data.
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Figure 4 A scenario of MBMS transmission 
2.4 Analysis of scheme A and B

In scheme A, the neighboring unicast cells should be informed not only the bandwidth occupied by MBMS, but also the re-arranging method of the rest frequency bandwidth. This brings the complexity and sometimes it is not easy for re-arranging. For example, if the system bandwidth is 10 MHz, and 9 MHz is occupied by MBMS data, the left 1MHz bandwidth is difficult to re-arrange for major sub-bands and minor sub-bands. The advantage of this scheme is that the left sub-bands can be re-arranged equally, and the unicast cell throughput is nearly same, especially for UEs at the edge of cell. 
For the case of scheme B, only neighboring unicast cells should only be informed the bandwidth occupied by MBMS data and this reduces much complexity.  
For these 2 schemes, considering the analysis above, we recommend scheme B for MBMS transmission.
3 Conclusions
In this paper, 2 schemes of MBMS transmission under SFR is discussed, especially when the MBMS bandwidth is less than the system’s. We recommend scheme B since it does not need re-arranging the frequency bandwidth when occupied by MBMS data and it has not much impact on SFR scheme. 
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