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1. Introduction

RAN2 has agreed to employ two transmission modes for MBMS data, namely

· PTM-SC (point-to-multipoint single cell) with full feedback (HARQ and CQI) and adaptive modulation and coding applied but no coordination with neighbouring cells and
· MBSFN (multicast broadcast single frequency network) where participating cells have synchronized MBMS content and thereby considerably reduce interference.

Simulation results have shown that in a given cell cluster the average user density, which is determined either directly by counting or implicitly by polling [1], could be the key criterion for the MBMS control entity (MCE) to decide which of the two techniques is more efficient in terms of used radio resources [2-4]. In this tdoc we argue that, if the efficiency of using radio resources is the main focus in the first place, it would be more suitable for an eNB to send an estimate of the achievable transmission efficiency for a given MBMS service, e.g. used resource blocks per data quantity, instead of polling or counting values to the MCE. This would allow the MCE to have accurate estimates for the efficiency of service transmission in PTM-SC and MBSFN mode and to select the most efficient transmission mode for a service.
2. Discussion

In the following we will illuminate how the transmission of an estimate of used resources by the eNB may favourably influence the decision of the MCE as compared to the transmission of polling or counting information. In this context, we will look at the three situations a cell may experience with respect to a given MBMS service: no transmission, PTM-SC transmission, and MBSFN transmission.
2.1. Cells with no transmission
Let us assume we have a cell where a given MBMS service is not transmitted. Thus the eNB communicates to the MCE that there are no users, regardless whether polling or counting is used, or alternatively that there are no radio resources spent on the MBMS service. However, if a service is about to be started and the MCE has to decide in what mode to transmit it, the eNB may convert polling/counting information into an estimate of used resources. This estimate value would have to be standardized so that MCEs are interoperable and interpret this value identically.
2.2. PTM-SC transmission
In PTM-SC, the MBMS data is sent out to multiple users which send NACKs if they were not able to decode the transmission block properly. Depending on the HARQ feedback, the eNB would adapt the MCS. In any case the eNB would know the amount of resources that is used for a given MBMS service both for initial transmission and for retransmissions. Even the UL resources for the HARQ feedback can be taken into account, since they contribute to the system load as well. The number of used radio resources could for instance be measured in used resource blocks per data quantity and service in both downlink and uplink direction as a measure of the efficiency of the transmission.
This number of used resources may now be communicated to the MCE. The MCE in turn collects these values from all cells of a given cluster, calculates the average, and compares this value to the resources necessary for an MBSFN. A major advantage of this approach is that the number of used radio resources is a much more straightforward parameter for determining the switching point – the user density is only a parameter that indirectly tries to refer to the same quantity.
Hence, with the radio resource approach polling/counting becomes obsolete for PTM-SC (Fig. 1). As long as there are interested users in the cell, their feedback gives valuable information on the best MCS and on the number of used radio resources. If for some reason there are no interested users anymore, there will be no HARQ feedback at all, and if this situation persists for a defined data quantity the eNB stops its transmission. Also, the eNB may detect that there are no users much earlier than with periodic polling/counting.
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Fig. 1: The eNB sends an estimate of the used radio resources instead of polling/counting information, thereby making the polling/counting procedure unnecessary for PTM-SC.
In conclusion, for PTM-SC the amount of radio resources spent contains more information than polling/counting, namely knowledge of the reception quality of the UEs. For instance, a group of  ten UEs right next to the eNB will consume much less radio resources than the same group at the cell edge, while for polling/counting the two situations would be equivalent. Statistically, this effect will of course be evened out over a large number of cells – but anyway the example shows that the information on used resources is more relevant for the decision when to switch to an MBSFN.
2.3. MBSFN transmission

For the purpose of this tdoc, MBSFNs are assumed to employ no feedback mechanism (this point is currently FFS), so the eNB does not know if there actually are any users in the cell unless polling or counting is carried out. If polling/counting gives a non-negative result, the eNB can now send a non-negative value reflecting the estimated radio resources used for the MBMS service (the exact meaning of such a value would have to be standardized in order to guarantee interoperability). This value may not be very accurate, but it is at least as accurate as the estimation by an MCE based on polling/counting values, since the eNB in principle knows more about the implementation of PTM-SC radio transmission and its related efficiency than an MCE. So even in this case we see advantages in sending the used-resources value instead of the polling/counting values for the switching decision.
3. Conclusion
We propose that the eNB supplies the MCE with values on the estimated radio resources for a given MBMS service rather than polling/counting values. Saving radio resources is the primary reason for switching between transmission modes, so it is favourable to directly use a radio resource value instead of using another value that only imperfectly refers to the same information. Furthermore, the radio resource efficiency might differ between different eNBs, either because of differences in the implementation of the eNBs or because of a different radio environment, but this kind of information might not be available at the MCE when receiving polling/counting information. At the same time polling/counting can be completely avoided for the PTM-SC case thereby saving precious radio resources.
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