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1 Introduction 
An LS [1] to RAN4 was approved in RAN1#58 meeting. The implication of CM difference on transmit power and PA efficiency was discussed in the LS. The action was assigned to RAN4 group. In the LS, RAN1 kindly asks RAN4 guidance on the following three 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 discuss related technical topics and suggest response in the RAN4 response LS.
2 Discussion
In amplifier circuits, the primary cause of adjacent channel (± 5 MHz) ACLR is the third order nonlinearity of the amplifier’s gain characteristic [1].  Ignoring any other causes of non-linearity, the amplifier voltage gain characteristic may be written as:
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The G1 value above is the linear gain of the amplifier, while the G3 value is the non-linear gain.  These values depend only on the amplifier design, and will not change regardless of the signal used for vi(t).

If the signal for vi(t) is a 3GPP modulated RF carrier, then the cubic term above will generate several types of degradation to the output signal.  On-channel distortion terms that contribute to EVM will be produced, as well as signals at the third harmonic of the carrier frequency, and signals in the upper and lower adjacent channel bands.  For a given amplifier, the total energy in the cubic term will be determined only by the vi(t) signal, and this total energy will be distributed among the various distortion components in some predefined, signal dependent way.
For a given amplifier, the bigger value of vi(t) denotes the bigger degradation to the output signal. Once the value of vi(t) is bigger than a preset value and the degradation isn’t tolerated to distortion of output signal, the vi(t) must be reduced to a lower value.  This denotes that the output power can’t exceed the maximum output power of amplifier.
In order to generate a metric that reflects the power in the cubic term above, the given voltage signal is first normalized to an rms value of 1.0, then cubed.  The rms value of this cubed waveform is then computed and converted to dB.  Since the goal of this work is to compare the performance of various signals to the currently used voice channel signal, the cubic power of the voice channel signal is computed and used as a reference.
Cubic Metric (CM) is based on the UE transmit channel configuration and is given by [3]
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Where  
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  is the called raw cubic metric (in dB) of a signal
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  is the raw cubic metric of the W-CDMA voice reference signal

to clarify:  
[image: image5.wmf](

)

(

)

N

x

x

x

rms

¢

=

 , and  
[image: image6.wmf](

)

(

)

[

]

t

v

rms

t

v

t

v

norm

)

(

=


K is 1.85 for a set of W-CDMA signals.  
K is 1.56 for a set of LTE signals.

CM can be used as the transmission power reduction for the power amplifier. The bigger CM value of a signal denotes the bigger power reduction from maximum output power. UE maximum output power value is the maximum power value which the voice signal (or reference signal whose CM value equals 0) can obtain without can not tolerated distortion. The maximum power reduction (MPR) is defined as power reduction from UE maximum output power (or nominal maximum output power). So the actual maximum transmit power of an uplink signal is equal to UE maximum output power value minus MPR. 
Therefore, the bigger CM value of an uplink signal denotes the lower peak transmit power.  When a UE is not operating at its peak power (i.e., not power limited), the transmit power need not to be reduced regardless of CM value.

In Section 6.2.2 of 25101-900, the Maximum Power Reduction (MPR) for the nominal maximum output power is given by MAX (CM-1, 0). It means that, if CM=2.5, the maximum output power will reduce 1.5dB.

In Section 6.2.3 of 36101-900, the material relationship between CM and MPR isn’t given. According to R1-074514, the MPR May equals MAX(CM-1.2, 0)) in LTE.
UE PA power consumption includes two parts: one is for transmit power; the other is for thermal consumption of PA. When a UE operates in a power-limited case, the thermal consumption of PA will decrease as the transmit power increases. So UE PA power consumption is almost the same as the transmit power increases.

For a power amplifier used in UE, the PA efficiency is higher if the transmit power is bigger. So the relatively bigger CM value of an uplink signal denotes that the highest efficiency which UE PA can arrive is relatively lower.

When a UE is not operating at its peak power, UE transmit power isn’t affected by CM value. So UE PA efficiency is nearly not affected by different CM value.

3 Conclusion 
We recommend including the following in the RAN4 response to the RAN1 LS [1]:
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?

RAN4 response:
When a UE operates in a power-limited case, the lower CM value implies that UE can use higher transmit power (i.e., more power headroom) and has higher PA efficiency (i.e., higher transmit power at the same power consumption).
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?
RAN4 response:

When a UE does not operate in a power-limited case, there is nearly no the impact of CM on transmit power and PA efficiency.
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?
RAN4 response:

In Section 6.2.2 of 25101-900, the Maximum Power Reduction (MPR) for the nominal maximum output power is given by MAX (CM-1, 0). It means that, e.g., if CM=2.5, the maximum output power will reduce 1.5dB.

(In Section 6.2.3 of 36101-900, the material relationship between CM and MPR isn’t given. According to R1-074514, the MPR May equals MAX(CM-1.2, 0)) in LTE.
When a UE operates in a power-limited case, the power consumption of PA is almost the same. So PA efficiency will reduce by MPR relative to that of reference signal if the transmit power reduce by MPR. It is useful to account for CM difference as transmit power difference under same power consumption. 

For non power-limited case, there is nearly no impact of CM on transmit power and PA efficiency.
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