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1
Introduction
In [1], ad-hoc meeting minutes for DC-HSUPA are summarized. The following proposals were made during discussion for the Maximum Power Reduction (MPR) requirements and cubic metric (CM).
· Qualcomm
· CM = CEIL { [20 * log10 ((v_norm 3) rms) - 20 * log10 ((v_norm_ref 3) rms)] / k, 0.23 }

· k=1.65
· MPR = MAX(CM-0.73,0)
· Ericsson
· Re-use existing formula: CM = CEIL { [20 * log10 ((v_norm 3) rms) - 20 * log10 ((v_norm_ref 3) rms)] / k, 0.5 }

· Range extended to 0 ( CM ( 4.0

· Re-use existing k = 1.56

In this contribution, we will further analyze the MPR formula based on the CM.
2
Assumptions
· We assume a single PA across carriers in DC-HSUPA for the purpose of analysis in the remainder of the contribution. 
· The following ACLR definition in [2] will be used.
Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the sum of the RRC filtered mean power centered on each of the two assigned channel frequencies to the RRC filtered mean powers centered on an adjacent channel frequency.
· ACLR1 requirement of 33 dB is used as a working assumption. Assuming 33 dB ACLR1 requirement, 36 dBc ACLR reference has been chosen to account for other RF impairment and implementation margin.
· 6084 test waveforms defined in [3] will be used.
· Raw CM, defined as a CM in 25.101 [4] without k-factor scaling and ceiling function, will be used to establish the MPR.
Raw CM = 20 * log10 ((v_norm 3) rms) - 20 * log10 ((v_norm_ref 3) rms)
where

-
v_norm is the normalized voltage waveform of the input signal

-
v_norm_ref is the normalized voltage waveform of the reference signal (12.2 kbps AMR Speech) and 20 * log10 ((v_norm_ref 3) rms) = 1.52 dB

3
Modified MPR and CM for DC-HSUPA
We look at the correlation between MPR and Raw CM to derive the suitable CM and MPR formulas for DC-HSUPA. The correlation between the MPR and Raw CM with 3 PA models is shown From Figure 1 through Figure 3 each. All 6084 test waveforms are used with each PA model. The existing formula [4] in 25.101 is also shown. A black line is the formula without ceiling and max functions and a magenta line is the formula with ceiling and max functions.
· 25.101 without ceil and max
· MPR = [20* log10 ((v_norm 3) rms) - 20* log10 ((v_norm_ref 3) rms)] /1.56 - 1
· 25.101 with ceil and max
· MPR = MAX(CEIL{ [20* log10 ((v_norm 3) rms) - 20* log10 ((v_norm_ref 3) rms)] / 1.56, 0.5 }-1,0)
As you observed in Figure 3, PA model #3 shows some off-diagonal points. This is due to the gain expansion around the max power and we believe PA vendors will manage to solve this issue. It also should be noted that the PA models used in this simulation are targeted for Rel-7 products. The future PA targeting Rel-9 products shall not have this behavior.
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Figure 1: MPR and Raw CM correlation using PA model #1.
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Figure 2: MPR and Raw CM correlation using PA model #2.
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Figure 3: MPR and Raw CM correlation using PA model #3.
Figure 4 shows the scatter plot across PA model #1 and #2 with the linear fit and with the linear fit containing ceil and max functions. PA model #3 was not included in the result due to the off-diagonal points in Figure 3. However, diagonal portions match very well with PA model #1 and #2. Therefore, we can drop model #3 without affecting the conclusion.
· Linear fit

· MPR = [20* log10 ((v_norm 3) rms) - 20* log10 ((v_norm_ref 3) rms)] /1.66 – 0.72
· Linear fit with ceil and max

· MPR = MAX(CEIL{ [20* log10 ((v_norm 3) rms) - 20* log10 ((v_norm_ref 3) rms)] / 1.66, 0.22 }-0.72, 0)
where CEIL { x, 0.22 } means rounding upwards to closest 0.22dB with 0.5 dB granularity, i.e. CM = [0.22, 0.72, 1.22, 1.72, 2.22, 2.72, 3.22, 3.72]
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Figure 4: MPR and Raw CM correlation with linear fit.

Figure 5 shows the distribution of the residual error in MPR. The residual error is defined by

Residual error = Simulated MPR (from ACLR) – Estimated MPR (from cubic metric)
, where estimated MPR includes the ceil and max function. If we have positive residual error, we underestimate the MPR needed to meet other out-of-band emission requirements such as the ACLR and SEM. If we have negative residual error, we overestimate the MPR. Apparently it is more problematic if we have positive residual MPR.

Here is the observation.

· The maximum residual error with the existing 25.101 formula is 0.35 dB.
· The maximum residual error with the proposed linear fit with ceil and max is 0.19 dB.

· We underestimate the MPR for 28% of the evaluated waveforms with the existing 25.101 formula.

· We underestimate the MPR for 8% of the evaluated waveforms with the proposed linear fit with ceil and max.
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Figure 5: Distribution of residual MPR error.

4
Feasibility Issue with MPR in DC-HSUPA
Compared to the single carrier uplink, DC-HSUPA has much more waveforms thanks to dual carriers with relative imbalance between carriers. We would like to raise the issue for practical implementation of the MPR in DC-HSUPA, so that other company can consider the feasibility of the MPR equation in real implementation.

5
Conclusions
In this contribution, we further analyzed the MPR and CM for DC-HSUPA. Based on a large number of reasonably selected test waveforms with multiple PA models, the correlation between MPR and CM was studied. it was shown that 1) the existing single carrier formula cannot provide the adeaquate MPR for a large number of waveforms in DC-HSUPA, and 2) the proposed formula can guarantee the enough MPR for most waveforms in DC-HSUPA to meet other out-of-band emission requirements such as the ACLR and SEM requirements. 

If other companies conclude that the cubic metric based MPR formula is feasible for practical implementation, we propose to use the following MPR and CM formulae for DC-HSUPA:
· MPR = MAX(CM - 0.72, 0)
· CM = CEIL{ [20* log10 ((v_norm 3) rms) - 20* log10 ((v_norm_ref 3) rms)] / 1.66, 0.22 }
where CEIL { x, 0.22 } means rounding upwards to closest 0.22 dB with 0.5 dB granularity, i.e. CM = [0.22, 0.72, 1.22, 1.72, 2.22, 2.72, 3.22, 3.72]
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