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1. Introduction 

An LS [1] was received from RAN1 titled “LS on implication of CM difference on transmit power and PA efficiency”. The LS asks RAN4 the following questions:

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?

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?

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? 
In this contribution we provide input to the RAN4 response. 
2. Discussion
In the following we give some suggested answers with the corresponding background.  In the LS response, the details could be left out if not needed. 

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 backoff needed when comparing different WCDMA UL configurations (in terms of active channels, β-factors)  in order to maintain the same ACLR performance.  This involved finding good CM scaling factors that matched empirical data. 

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, the CM could be used as a figure of merit for determining the required PA backoff. However, RAN4 decided that the effort spent on developing a consensus formula for the approximation (e.g. finding gradient coefficients) was not necessary, since in terms of waveform selection, Rel-8 LTE had basically only four cases (QPSL, 16QAM, 64QAM, DM-RS/PUCCH/SRS/PRACH), as opposed to the hundreds of thousands combinations in WCDMA. Therefore in Rel-8 LTE 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.  

We would like to point out that an important limitation of using CM as a figure of merit is that CM does not predict the spectral location of the non-linear distortion generated.  It is possible, for example, that two waveforms (e.g. contiguous or clustered allocations) have the same CM but one places spurious emissions furhter away form the edge of the transmission BW configurations, while the other places emissions closer, in which case the former is clearly worse since emission masks tend to get tighter as the frequency separation increases. This difference will not be predicted by CM. 

Therefore, CM should only be used as prediction for PA backoff 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?
One of the most common PA-types is multi-stage PAs. These PAs are designed to meet the requirements with good efficiency at the maximum power but their efficiency is reduced at lower powers.  If the efficiency at max power is 
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Therefore, in effect, the CM difference between two waveforms would generate the same efficiency loss, irrespective of the Tx power  
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With an example:  Suppose, we compare two cases A and B.  Case B allows a waveform that has ΔCM (dB) higher CM compared to the worst case waveform allowed in case A.  Both cases are to support a maximum conducted output power of  
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.  We can approximate the efficiency of the two systems at maximum power as
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and for arbitrary  
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Therefore, the same relative efficiency loss would be maintained over the power dynamic range, as long as the worst case waveform has to be supported at maximum power. 

Another PA-type is where a power supply is incorporated within the PA block, in which case, higher efficiency can be maintained at lower power levels, i.e. 
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In this case, the efficiency difference between system A and B would still be similar, approximately
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, because the PA would have to maintain the same bias difference across the dynamic range. 

Therefore, we can conclude the following: 
If we consider two schemes where one has higher CM than the other then

If the higher CM scheme *does not* have an associated extra power backoff allowance (i.e A-MPR) at max power then 

· the higher CM will degrade efficiency and increase power consumption for all Tx power levels

If the higher CM scheme *does* have an associated extra power backoff allowance (i.e A-MPR) at max power then

· For staged PAs, the higher CM will not degrade efficiency but the higher CM scheme cannot be supported at close to max power
· For other PAs, the higher CM will degrade efficiency and increase power consumption for all Tx power levels

In conclusion, it would seem desirable that if a higher CM precoding option is introduced then a low CM precoding option is still kept for use in the heavily headroom limited scenarios.  If the extra complexity associated with introducing separate ‘low headroom’ and ‘high headroom’ precoder options is seen undesirable then it would be beneficial to use a low CM precoding scheme. 

 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. 

· I) For some PAs, the approach mentioned as part of Question 3 is a good approximation, i.e. the CM difference is translated into effective 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; however, the power penalty would be less (about half in dB terms) in the non-power limited case compared to the power limited case. 
· II) For other PAs, the CM difference can be ignored at lower than maximum 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. In this case, power penalty only applies in the power limited case. 
3. Conclusions

Answers were provided to a possible LR response.  It is recommended that these should be discussed in RAN4 together with alternate proposals to formulate an answer.  
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