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1. Introduction

RAN4 would like to thank RAN1 for their LS R4-093909 (R1-093735) titled “LS on implication of CM difference on transmit power and PA efficiency”. 
RAN4 would like to provide the following response regarding the questions included in R4-093909 (R1-093735).

Question 1: What is the implication of a CM difference, from aspects such as transmit power difference and/or PA efficiency difference, when a UE operates in a power-limited case?
The CM calculation formulas were designed to predict the WCDMA PA back-off needed when comparing different WCDMA UL configurations (in terms of active channels, β-factors).  With respect to whether the same method is applicable to LTE as well; prior discussions in RAN4 concluded the following: Based on initial studies, it seemed that with appropriate parameter selection, CM could be used as a figure of merit for determining the required PA back-off. However, RAN4 decided that the effort spent on developing consensus formulas for the approximation (e.g. finding gradient coefficients) was not necessary, since in terms of waveform selection, Rel-8 LTE had limited number of cases. Therefore, it was recommended to use PA models for evaluating the waveforms individually. 

Nevertheless, we can reaffirm the understanding that as long as the total undesired non-linear distortion is of concern, the CM difference can be used as a relative back-off indicator when comparing different modulation or different pre-coding schemes.  

RAN4 would like to point out though that an important limitation of using CM as a figure of merit is that CM does not predict the spectral location of the generated non-linear distortion.  It is possible that two waveforms (for example, n RB transmission at the channel edge or n RB transmission at the channel centre) have the same CM but one places more of the emissions outside of the channel, compared to the other, in which case the former is clearly worse from a coexistence perspective. This difference will not be predicted by CM. 

Therefore, CM should only be used as prediction for PA back-off when comparing signals with the same frequency allocations.  This was always the case for singe WCDMA UL carriers but is no longer the case for LTE.

Question 2: What is the implication of a CM difference, from aspects such as PA efficiency difference, when a UE does not operate in a power-limited case?
The answer depends on PA types. In general, when the UE operates in a highly linear region, i.e. away from the power limited regime, the impact of CM differences should be naturally reduced. However, the extent and location of the output power intervals for which this statement holds can widely vary depending PA technology and architecture. Since operating in the highly linear region is uneconomical from a power consumption perspective, the PA designs have had motivation to avoid this type of operation, resulting in the following existing techniques:

· Multi-stage PAs, which can exhibit non-linear behaviour at various points across the dynamic range (typically just below discrete switch points). Since A-MPR is typically not applicable to lower than maximum power levels, the CM difference results in corresponding efficiency difference for all power levels below the highest gain stage switch.  
· PAs with continuous bias adjustments, which behave much like power limited PAs at any power level

Because of the existence of these PA efficiency optimization techniques, any analysis would have to be planned to make the right assumptions regarding which power levels are considered power limited vs. non power limited cases.   

Question 3: How to take into account CM difference quantitatively, for both power-limited and non power-limited cases, in a performance comparison study? Is it useful, for example, to account for CM difference as transmit power difference under same power consumption?

The answer depends on PA types. 

· For some PAs, the approach mentioned as part of Question 3 is a good approximation, i.e. the CM difference is translated into effective output (conducted and radiated) power difference under the identical power consumption constraint. In this case, power penalty would be applied to both the power limited and non power limited cases. 

· For some other PAs, the CM difference can be ignored at certain power levels as long as there is an A-MPR allowance so that the PA need not be sized to support the higher CM at max power.  However, when determining at which power levels the CM difference can be ignored, the existence and location of discrete PA gain stage switch points needs to be also considered. 

RAN4 kindly asks RAN1 to consider the information included in this LS in their further studies.
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