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1. Introduction

MPR for multi-cluster transmission has been discussed for the last 6 months or so in RAN4. This specification is undecided in the rel11 TS36.101 specification.

A number of power amplifiers have been studied, some traditional linear Pas and one High Efficiency envelope tracking PA. Both types of PAs require a large amount of backoff, up to 8.5 dB for the linear Pas and up to 10 dB for the High Efficiency PA. Some RAN4 members have expressed concern about the effect of these high backoff values on coverage. 
In this paper we discuss mitigating the effect of high backoff as it relates to multi-cluster transmission for single component carrier.  
2. Overview
Multi-cluster transmissions can vary widely in configuration. For given channel bandwidth the uplink can have one or two clusters of varying widths and positions. The number of clusters and positions of these clusters determine the position of the intermodulation products that are created due to the non-linearity of the transmitter. For some of these waveforms the required backoff can be quite high. 
It is instructive to look at the effect of backoff on coverage. The equation below [1] takes a simple line of sight model for UMa as an example. This choice is simply for illustration to get an idea about the amount of coverage and how it can relate to the backoff. It should not be considered a link budget, just an example.
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 Where
PL is the path loss

d1 is the distance in meters

hBS is the base station height in meters

hUT is the UT station height in meters

fc is the RF frequency in Hz

Let’s pick a path loss value of 130 dB, which is the path loss at 2GHz with a 25m base station height, 1.5m UE height. Assume the UE closes the link for a particular transmission mode at full power (23 dBm) and 2000m.

Now do a similar calculation but assume that the path loss has to be 8.5 dB less due to a multi-cluster transmission requiring that amount of backoff. In that case the path loss is 130 – 8.5 = 121.5 dB. For a path loss of 121.5 dB the distance shrinks to 1225m.
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Figure 1 Illustration of Coverage Area
This is a significant reduction in coverage area. It is such a severe penalty that a reasonable deployment of a multi-cluster network would have to include a scheduler that would avoid scheduling multi-cluster waveforms to UEs that are in the outer edge of the cell. This would insure the coverage when operating in multi-cluster mode.
Conclusion 1: A reasonable multi-cluster deployment designed to preserve coverage should factor in the relatively large backoffs and assign single cluster waveforms to UEs toward the outer edges of the cell.
There has been some discussion about the difference between 8.5 dB for a linear PA compared to 10 dB for a high efficiency PA. The figure below shows those coverage circles. The 10 dB circle is shown in gold, and if it is compared to the 8.5 dB circle it can be seen to be marginally smaller. This does not appear to be a significant difference.
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Figure 2 10 dB backoff (gold) vs 8.5 dB backoff (blue) Coverage Circles
Conclusion 2: The difference in transition between the single cluster area and the multi-cluster area does not differ significantly between 8.5 dB backoff and 10 dB backoff.
3. Conclusion
In this paper we discussed the effect of relatively high backoffs on coverage. We concluded 

Conclusion 1: A reasonable multi-cluster deployment designed to preserve coverage should factor in the relatively large backoffs and assign single cluster waveforms to UEs toward the outer edges of the cell.
Conclusion 2: The difference in transition between the single cluster area and the multi-cluster area does not differ significantly between 8.5 dB backoff and 10 dB backoff.
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