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1. Introduction

Information about the density of users interested in an MBMS service is vital for the decision when to switch to an MBSFN and can easily be obtained by counting. RAN2 currently discusses whether polling is a viable alternative as compared to counting. In this tdoc we show that polling over a cluster of contiguous cells inherently contains information on the user density if the users are assumed to be Poisson-distributed.
1.1. Current RAN2 status on transmission modes
The agreed MBMS transmission modes are

1) PTM-SC (single-cell point-to-multipoint) with full feedback and

2) MBSFN.
In PTM-SC mode the MBMS data is sent out individually for each single cell even if the cells are contiguous. On the other hand, in MBSFNs the MBMS data is soft-combined over multiple cells, so that this mode is only efficient if there is a sufficient number of users for a specific MBMS service in a (ideally ring-shaped) cluster of cells [1]. Furthermore, it was shown that switching between these two modes depends on the average user density for a given cluster with typical break points between 0,5 and 4 users/cell [2-4]. This means that there is a need for a mechanism (e.g. counting) to determine the average number of users/cell for a given MBMS service.

1.2. Counting versus polling

Counting identifies how many users take part in a specific MBMS service. The main advantage of this procedure is the fact that the average user density can readily be determined. A major disadvantage is the amount of radio resources that need to be spent: UEs in RRC_IDLE may receive an MBMS service without being UL timing-aligned, so they would have to signal their participation via RACH. In case of a large number of participants this may cause congestion [5,6]. Even though this problem can be alleviated by employing a probability factor [7], there have been a number of tdocs calling for a simpler solution than counting [5,6,8-12].

In [8] polling was termed to be a procedure that determines whether there is one or more UE present in a cell that is interested in an MBMS service. Thus in contrast to counting, it does not matter how many UEs are interested/participating, but if they are interested/participating. Generally polling is regarded to be simpler than counting [6,9-11]
2. Discussion

The number of users per cell is assumed to be Poisson-distributed [2,3], i.e. for a given user density there is a corresponding Poisson distribution that reflects the number of users in a cell. Fig. 1 exemplarily shows the distribution of the number of users for 2 users/cell. Please note that 2 users/cell is an average value over a cluster of cells that is a MBSFN candidate.
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Fig. 1: Poisson distribution of the number of users per cell for an expectation value of 2 users/cell.
When employing a polling mechanism in such a cell, the probability of having no user is therefore 14% (as can be seen in Fig. 1) and the corresponding probability of having at least one user is 86%. Obviously, the probability of having at least one user depends on the expected user density and is 86% for the special case of 2 users/cell only.

Fig. 2 shows the probability of having at least one user against the user density (for the special case of 2 users/cell the value is 86% as expected from Fig.1), i.e. there is a direct mapping between the average user density and the polling probability. Taking typical PTM/MBSFN switching points of 0.5 users/cell [2], 2 users/cell [4], and 4 users/cell [3], this would give polling probabilities of 32%, 86%, and 98% or in other words 12, 32, and 36 cells that got a positive polling feedback in a 37-cell three-ring cluster.
The number of cells with a positive polling feedback is only an expectation value, as this number obeys a binomial distribution (yes/no polling decision). However, Fig. 3 shows that even the binomial distributions for user densities as close as 0.5, 2, and 4, notably all of them candidate switching points, can be reasonably well distinguished. We therefore think that polling is by far sufficient for transmission mode switching purposes.
3. Conclusion

For cell clusters, information about the user density can be extracted from the polling behaviour. Assuming users are Poisson-distributed, the currently discussed user densities for transmission mode switching can clearly be mapped on a percentage of positive polling feedback in the cluster.
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Fig. 2: Probability distribution of having at least one user in a cell against the average user density.
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Fig.3: Number of cells with positive polling feedback in a three-ring cell cluster with 37 cells for three different user densities.
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