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Introduction

It has generally been accepted that overlapping MBMS SFN areas should be allowed. Some problems with allowing overlapping SFN areas have been highlighted in [1, 2]. The main problem is that the need to send the services on the same time-frequency resource across all the cells in which the given service needs to be transmitted imposes severe coordination problems. As a result, some resources need to be left unused in some cells because another cell that needs to transmit a new service is using the same resource for some other existing services. In this contribution, we quantify the amount of over-provisioning needed to ensure coordinated resource assignments. 
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System Model
Figure 1 illustrates why there will be a need for over-provisioning of resources, when overlapping SFN areas are allowed. As shown in Figure 1, assume there are 3 cells A, B, and C, and let there be three resource blocks in each of these cells. Let us also assume that every pair of cells forms an SFN area. Thus cells A and B are in one SFN area, cells B and C are in another SFN area, cells A and C are in a third SFN area, and let cells A, B, and C together form a fourth SFN area. Let us say service 1 needs to be sent in cells A and B, service 2 needs to be sent in cells B and C, and service 3 needs to be sent in cells A and C. Without loss of generality, the allocations of resource blocks can be as shown in Figure 1. With the recent RAN1 decision of only allowing services belonging to the same SFN area in a given sub-frame, the x-axis in Figure 1 should be interpreted as the time axis. Now if there is a fourth service that needs to be sent in cells A, B, and C (or in any two of these cells), there is no way to accommodate it within the available resources. However, notice that each of the cells individually does indeed have enough resources to admit the fourth service as well. Such anomalous cases will not occur if we did not have overlapping SFN areas. 
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Figure 1: Illustration of infeasibility of accommodating a fourth service that needs to be transmitted in two or more of these cells
Let us assume that there are a total of N cells, and that there are a total of m existing MBMS SFN services in these N cells. We also assume that a service is desired in a cell with a probability p. Let us assume that there is an incoming service and it needs to be transmitted in l cells. We also assume that each service needs one PRB (physical resource block). Note that the current RAN1 agreement of not allowing services going on different SFN areas from using the same sub-frame, the problem gets compounded. In this analysis, we assume that no such restrictions are in place. We would like to determine the number of PRBs that each cell needs in order to admit the (m+1)-th service. In the example in Figure 1, for service 4 to be admitted, the cells in which service 4 needs to be transmitted need 4 PRBs each to admit the new service. 
In our analysis, we count the number of unique MBMS services ongoing in the l cells, and assume that each of those services will take one PRB away. This will be true as long as no two of the services that are ongoing in these l cells are sent in disjoint set of cells. We show later that this probability is fairly small even for p values as low as 0.2, when there are a sufficient number of cells in the system (N>=100). 

Let us denote by pl the probability that a given service is present in this group of l cells. This is equal to 1-(1-p)l. (1-p)l represents the probability that the service is not present in any of the l cells. Hence, 1-(1-p)l represents the probability that the service is present in at least one of the l cells. The number of ongoing services in any of the l cells is then binomially distributed with the probability of i services present in the set of l cells given by 
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.  The expected number of services ongoing in the l cells is given by mpl =m[1-(1-p)l]. The new service will need one PRB, thus giving the expected number of PRBs needed to admit the (m+1)-th service to be m[1-(1-p)l]+1. 
We plot this quantity as a function of l in Figure 2, for different values of p. The total number of cells (N) is assumed to be 100, and m is assumed to be 10. We see that as soon as the new service needs to be transmitted in 6 cells, the number of PRBs required is as high as (m+1)=11, i.e., the number of PRBs needed is as if all the services are being transmitted in all the cells, even though, on average, only 6 services are being transmitted in the chosen set of cells. 
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Figure 2: Average number of PRBs required as a function of the number of cells interested in the new service for different values of service presence probability (p)
In Figure 3, we plot the number of PRBs required for different numbers of existing services m. As we can see, the trends are similar with the number of PRBs hitting the maximum possible value of m+1, when the new service needs to be transmitted in about 7 cells. In Figure 4, we plot the percentage over-provisioning needed, which is computed as (number of required PRBs – (pm+1))*100/(pm+1). We see that almost 90% over provisioning is needed, even if the new service needs to be sent only in 7 cells. 
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Figure 3: Average number of PRBs required as a function of the number of cells interested in the new service for different number of existing MBMS services
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Figure 4: The percentage over-provisioning needed as a function of the number of cells interested in the new service for different number of existing MBMS services
We note that it in a mixed carrier such resources that are unavailable for SFN operation may still be used for unicast transmission, or single-cell broadcast, this is still a wastage from the point of view of services that need to be sent in an SFN fashion. Some SFN services may have to be blocked as a result, despite each of the cells in the desired SFN area having sufficient resources to admit the new service.

We next show that the probability of any two services being sent on disjoint set of cells is fairly small even for p=0.2, provided the number of cells is reasonably large (of the order of a 100 cells.) It can be shown that this probability is equal to (1-p2)N. We have plotted this probability as a function of p and N. We can see that for p=0.2, this probability becomes very close to zero for N=100. Thus we seem to be justified in ignoring this case when we computed the number of PRBs needed to support (m+1) services. 
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Figure 5: Probability of two services being sent on disjoint set of cells as a function of the service presence probability (p) for different numbers of cells (N)
In our model, we have not considered the fact that most of the cells interested in a given service may be contiguous. This refinement is not expected to change the main results substantially.
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Recommendations
Based on the results in the previous section, it seems clear that having complete flexibility of determining SFN areas has the same effect on resource consumption as if all the services are being transmitted in all the cells. In addition, there is the added complexity of ensuring non-conflicting allocations. We incur this additional co-ordination cost for no apparent gain in the number of services that can be accommodated, at least in the dedicated MBMS cell scenario. Therefore, we recommend that the freedom be restricted to a certain extent to ease the coordination problem, by either requiring non-overlapping SFN areas, or hierarchical SFN areas. 

In an earlier Motorola document [3], we also list down the different possible MBMS services. Our conclusion from that investigation is also that it may be sufficient to pre-configure SFN areas, and send services in an SFN fashion over one or more of these pre-configured SFN areas. Other services that do not fall in this bucket but need to be sent on multiple cells may be sent as single-cell broadcast over the desired set of cells. 
We propose that RAN3 discuss the issues highlighted in this paper, and discuss the implications of allowing overlapping SFN areas. Further, we propose that RAN3 consider whether we can phase e-MBMS support such that, in the first phase, only non-overlapping SFN areas are allowed. Based on field experience, we can introduce overlapping SFN areas, if a dire need is felt for such a feature. 
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