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1 Introduction
At RAN4 #52bis meeting, the LS [4] about CM impact on the PA efficiency had been widely discussed.

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? 
But no agreement had been reached because of many influence factors such as PA type, UE transmission power compared to maximum power of PA, UE RF implementation. In this contribution we analyze related technology topic and proposal our LS response to RAN1.
2 Efficiency discussion
Cubic metric (CM) well determine power de-rating because its accuracy over a wide range of devices and signals. There is a monotone increasing relation between maximum power reduction (MPR) and CM. So the actual maximum transmitted power of an uplink signal is equal to UE maximum output power value minus MPR. 
PAs are usually multi-stage since gain is not enough with a single stage, multiple-stage class –AB was widely used in WCDMA/LTE UE system because of trade-off between PA efficiency and linear requirement. Other PA-type, class E PA may be used in LTE terminals because of high PA efficiency.
We can define the PA efficiency below. There is little difference between them because the input power is too smaller compared to the output power when PA stays in highest gain stage. 
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With respect to fixed voltage PA type, PA power efficiency between arbitrary output power and UE maximum output power is shown below when PA is operating in linear amplifier area. In this case, PA efficiency is function as UE output power regardless of CM value.
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Note: PA quiescent current is much smaller compared to working current.
However, this is only approximation! The function is plotted in Figure 1 below in red, assuming efficiency 
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= 23 
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and max efficiency = 50 %, the curve in red increases sharply in high output power. But in low output power, it almost maintains constant. All these are large difference compared to the real PA as shown in Figure 2. The curve shape of n =1/16 is similar with that of real PA.
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Figure 1: ideal model on PA efficiency



Figure 2:   PA on sale from [1]

Typical PA characteristics would look like this as show Figure 3 (ref. Paul Gray, UCB, 2006). Efficiency of PA on sale doesn’t improve sharply with the output power increase. The parameter for n may be modified into less than 1/16 because it is more close to the real conditions.
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Figure 3: Typical PA on PA efficiency
We can slightly modify the formula based on the analysis above and find the curve is close to real PA performance 
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If we suppose that signal B have ΔCM value higher than signal A. It means to handle the same 
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(meaning maximum peak output power), it must be backed-of ΔCM to reach the same 
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(i.e. peak value). That would mean that amplifier B has lower efficiency because it have lower average output power, not amplifier A, and efficiency is lower at lower power level. The signals for different CM signal have relationship below.
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   On the other hand, if 
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means maximum average output power, then there will be only a very small difference in efficiency, since the two amplifiers will have the same operating point, but amplifier B pushes the signal for short time to very high values(which will cause non-linear behavior, not good) and these peaks will have very good efficiency.

If we assume that parameter n equates 1/16 (this value or larger may be close to the real PA performance), efficiency loss as function of ΔCM is show in the Table 1:




Table 1: ΔCM and PA efficiency loss

	
	ΔCM = 0.2dB
	ΔCM =0.5dB
	ΔCM = 1dB
	ΔCM = 2dB
	ΔCM = 4dB

	efficiency ratio
	0.9971
	0.9928
	0.9857
	0.9713
	0.9441


So when ΔCM is smaller than 1dB, the PA efficiency loss is less than 1%.  However when ΔCM is larger than 2dB, its loss should take into consideration. The CM value of CMF codebook is 0.8dB larger than that of CMP codebook from [3], so we needn’t take too much attention on PA efficiency loss into consideration.
With respect to class E PA, the relationship between PA efficient and supply voltage is shown Figure 4.
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Figure 4: Class E PA efficiency
The similar conclusion can be made below:
· Using a higher CM, allowing extra power backup (to reach same 
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), higher CM will decrease efficiency when UE is operating in limited case and relationship between PA efficiency ratio and ΔCM is shown in Table 1.
· There is no efficiency loss when UE is not operating in limited case. 
In all, the PA efficiency will depend on the UE PA power condition.

· When UE is operation in limited case, higher CM almost doesn’t degrade the efficiency except the ΔCM is larger than 2dB.

· When UE isn’t operation in limited case, there is no power efficiency loss regardless of PA type.
3 Link performance discuss

When a UE doesn’t operate in power-limited case, EVM almost keeps constant with the increasing of transmitted power regardless of CM value. When a UE is operating near but less than 
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, the EVM increases gently. So when a UE operates in power-limited case, the signal with high CM value has little high EVM value. From our simulation, when ΔCM is 0.5dB, the increase EVM is only 0.2%. Advance RF front end technology such as DPD will be widely used in LTE-A system in the further. So we needn’t to put forward strict demand on the CM in high rank design.
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We find that for 95% of the time in rank 3 transmission, transmitted power for both CMP (QPSK w/ balance) and CMF w/o balance is less than 15dBm based on the simulation result in [2], which is much less than the maximum transmitted power of UE (
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). So the performance of CMF always outperforms that of CMP based on the simulation results from [2]. 
4 Conclusions
Based on analysis above, this contribution proposes that
· When UE doesn’t work in power-limited case, signal with different CM value almost transmit same power under same power consumption. 
· When UE works in power-limited case, PA efficiency changes with the increasing of CM value. PA efficiency loss is very small when ΔCM between two signals is less than 1dB, whereas UE with high CM transmits less power under same consumption when ΔCM is larger than 2dB.
· The performance of CMF outperforms that of CMP under same power consumption.
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