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1. Introduction 
In multi-cell operations for LTE MBMS, to maximum exploit the SFN gain, it may be a better choice to simply use the SFN instead of over-optimizing individual cell MBMS transmission. For example, in Figure 1, if 9 cells are having interested users and should be turned on, the MCE may simply choose the SFN instead of further optimizing the MBMS transmissions in each cell. For example, maybe cell 1, 4, 5 have only few users, but still simply apply the SFN (without bothering to use more accurate counting for PTP turning on). One of the motivations behind is that if cell 1, 4, 5 use PTP instead of SFN, the performance of other cells (cell 2, 3, 6, 7, 8, 9) will be degraded due to the fact that cell 1, 4, 5 not joining the SFN combining, and also, with the SFN transmission from cell 2, 3, 6, 7, 8, 9, cell 1, 4, 5 may be better use simple broadcast mode even in low user density case.  
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Figure 1. PTP/PTM mixed scenario

In order to identify the delivery status: multi-cell operation or single (few)-cell operation, a simple polling scheme based on the R6 counting algorithm is used. This polling procedure only queries whether the cell has interested users or not [4]. If multi-cell operation is identified, the SFN may be simply used instead of over-optimization in each individual cell. If single (few) cell is identified, further enhancements may be applied (optional), e.g., more accurate counting.   

2. UE request PTP establishment 

Although we propose to simply apply SFN in multi-cell operations, we suggest supporting the UE request based PTP setup for LTE MBMS delivery. The motivation is not for the radio efficiency, but for the UE’s reception experience (QoS). For example, if a high-end UE is in poor broadcast coverage, the UE may request to establish a dedicated downlink channel with HARQ and AMC (DL-SCH) to deliver the MBMS service with high quality (and user may would like to pay for the associated charge). This could happen before or during the MBMS transmission. This should not affect the MBMS broadcast transmission in a cell. For example, in Figure 2, a high-end UE is at the edge of the cell 4, also may at the edge of the SFN. The UE may request the cell 4 to establish a dedicated link for its MBMS delivery (e.g., streaming video) due to poor broadcast coverage. In the same time, cell 4 may still broadcast the MBMS service in the SFN. 
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Figure 2. UE request PTP establishment

3. Performance Evaluation of the polling procedure using R6 counting algorithm 

In R6, we defined a multi-step counting procedure to alleviate the uplink access load. In LTE, the threshold for the polling procedure simply becomes 1. The fundamentals of the access load concern still exist; for example, if many users are in the cell responding the polling request, the interference could be very high (also affecting the neighboring cells as well). Hence, we still need some way to mitigate the issue. In this chapter, we analyze the multi-step algorithm in R6 when threshold value becomes 1 and have found that it woks well. Hence we may not need to over-optimize the counting procedure, such as introducing new physical layer capabilities just for improving polling performance.  

The current counting is message based, if we set the threshold to be 1, following result is obtained for the current counting. 
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Figure 3. Average Number of Access vs. Number of users

It is seen that at most 7 average access attempts are required when there are around 100 interested users. Further, this could be improved if simple enhancement is applied, such as the ENB sends out the stop-counting command, which is shown in Figure 4. 
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Figure 4. Simple counting enhancement
4. Conclusion

We propose:

1) The simple polling scheme is used to identify the Multi-cell operations. If multiple cell operation is identified, the SFN is applied. Otherwise, optional enhancements may apply. 

2) The UE-requested PTP establishment should be supported by LTE MBMS in multi-cell operations for possible high quality reception;

3) The R6-based counting algorithm can be re-used for polling purposes and can obtain acceptable performance; simple enhancements such as stop-counting command can be utilized for further optimization. Complicated enhancements are not necessary. 
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