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1. Introduction

This document examines the costs and benefits of using point-to-point bearers for E-MBMS in an (otherwise-) SFN environment.  In essence, what is needed is an evaluation of the benefits of HARQ vs. those of SFN, and how the two interact in an environment of mixed transmission types.
A version of this analysis was previously presented in RAN2 ([2]).

2. Analysis

The main benefit of SFN transmission is the conversion of inter-cell interference into reinforcing signal.  Instead of neighbouring cells appearing as interference (contributing to the denominator of the SNR), they reinforce the signal of the serving cell (contributing instead to the numerator).  If all neighbouring cells are transmitting signal, the only source of interference is thermal noise (along with interference external to the serving system).

The net gain from SFN compared to unicast transmission varies depending on scenario assumptions.  Four different scenarios were studied in [1]; with the exception of one scenario that was transmit-power-limited, the smallest improvement was 12.45 dB.  Smaller cells result in even greater benefits, in some cases exceeding 20 dB.
If one among a group of cells transmitting SFN content switches to a unicast bearer because it is serving only a single user, that user sees a benefit from HARQ that might amount to ~3 dB in good conditions.  However, this benefit comes at the cost of the very large gains from SFN; thus even in an exceptionally good case, the unicast user is (on the average, and depending on their position with respect to neighbouring cells) giving up more than 9 dB.
The situation in the neighbouring cells is even worse; the disappearance of one SFN cell is equivalent to a drop in the cells’ own signal strength.  At the worst point—the midpoint of the edge between an SFN cell and the unicast cell—the decrease in signal strength is 3 dB (even without considering diversity gain).  Worse yet, the “missing” signal is replaced by inter-cell interference; at the worst-case point, the interference is nearly as strong as the signal, giving an SNR on the order of 0 dB if only the serving cell and the neighbour are considered.
Figure 1 shows the situation where one cell (shown in grey) has left the SFN area in favour of a unicast bearer with a single UE.  The UE at the edge of the SFN area sees interference equal to the strength of the serving cell, minus 3 dB for HARQ benefits; the signal also drops by 3 dB due to the disappearance of the “dropout” cell, thus keeping signal and noise roughly equal.  The reinforcing signal of other cells in the SFN area will bring the total SNR somewhere above 0 dB; the amount depends on a number of factors such as the cell size and propagation assumptions.  This situation compares to a thermal-noise-limited scenario with C/I in the range of 14-29 dB ([1]), so the effect of the interference is quite dramatic!
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Figure 1: The SNR effect of a cell dropping out
In effect, the drop in signal strength within the SFN area would mean that all the cells bordering the dropout cell would need to raise their transmission power to achieve the same coverage (resulting in increased interference towards the dropout cell, potentially creating an “arms race” situation).  Worse, these neighbouring cells have no obvious way to know when the p-t-p transmission starts; without some (currently nonexistent) means for coordinating between eNode Bs, they would all need to transmit every service at elevated power constantly, just in case some other cell switches to a p-t-p bearer.  The situation becomes worse still if more than one cell drops out; if switches between SFN and p-t-p transmission were widespread, the radio environment within the SFN cells would simply become too unpredictable for the SFN group to be useful.
3. Conclusions
Based on the foregoing analysis, we conclude that for the case where p-t-p MBMS transmission is used in one cell within (what would otherwise be) an SFN transmission group, the cost in coverage at the edges of neighbouring cells is significantly less than the benefit of using HARQ on the p-t-p bearer.  Moreover, the mere possibility of p-t-p bearers would force all cells, at all times, to use increased transmit power for all services to compensate for the worst-case loss of coverage.
These effects seem clearly not to justify the use of unicast bearers for E-MBMS as an alternative to SFN multicast transmission, and we therefore propose that such bearers should not be supported.
However, cell-specific (hence non-SFN) E-MBMS transmissions could benefit from HARQ without the corresponding costs, and point-to-point bearers could still be considered for those services.
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