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1
Introduction

As DC-HSDPA feature was introduced, more carriers were combined to achieve a higher transfer rate. Meanwhile, in our lab testing case, we found a cubic metric and PAPR performance deterioration was followed. In this contribution, we analysized the reason for CM and PAPR rising, and find some ways to reduce the performance deterioration.
2
Analysis for CM and PAPR 
In 3GPP, cubic metric is adopted to show the reduction of power amplifier efficiency, which is named as PowerDe-Rating. In amplifying circuit, the coefficient of non-linear cubic weight is the main reason for producing ACLR. Thus CM value is considered as a much more convient and direct way to measure this cubie weight.
In HSUPA, where Cubic Metric (CM) is based on the UE transmit channel configuration and is given by 

CM = CEIL { [20 * log10 ((v_norm 3) rms) - 20 * log10 ((v_norm_ref 3) rms)] / k, 0.5 }

Where
-
CEIL { x, 0.5 } means rounding upwards to closest 0.5dB, i.e. CM  [0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5]

-
k is 1.85 for signals where all channelisations codes meet the following criteria CSF, N where N< SF/2

-
k is 1.56 for signals were any channelisations codes meet the following criteria CSF, N where N ≥ SF/2

-
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

While in DC-HSUPA, CM = CEIL { [20 * log10 ((v_norm 3) rms) - 20 * log10 ((v_norm_ref 3) rms)] / k, 0.22 }

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]
-
k is 1.66 for DC-HSUPA signals
As in specification, CM is only used to measure the performance of the UE, here we still use CM to measure the NodeB with multi-carrier HSDPA feature. The parameter k is temporary set as 1.66 for different carriers.
PAPR is an ordinary measurement to scale the influence of transfer technique to power amplifier’s non-linear feature. In the extreme, if there are N signals with the same phase constructed with each other, the peak ampltitude will be N times as large as the average amplitude expection. A high PAPR will reduce the efficiency of power amplifier, and require the power amplifer with a wide linear range.
From the definition of CM and PAPR, we find the correlation of source information bits on different carriers is the main reason for CM and PAPR rising. Naturally, we think introducing different scrambling numbers on each carrier would be efficient way to reduce the performance deterioration.
In the following, we provide a reference table of power assignment for different channel codes.
Table 1   Reference power assignment for channel codes 
	Parameter
	Value

	SCH_Ec/Ior
	-12dB

	P-CPICH_Ec/Ior
	-10 dB

	P-CCPCH_Ec/Ior
	-12 dB

	PICH_Ec/Ior
	-15 dB

	HS-SCCH-1,2,3,4_Ec/Ior
	-15 dB

	HS-PDSCH_Ec/Ior
	-2 dB


2.1
SCH part
As we know, SCH is constructed with primary SCH and secondary SCH. Primary SCH is used for slot synchronization, so the pilot pattern for different carriers are the same. 
2.1.1
CM simulation with the same scrambling number
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Figure 1   CM for multi-carrier with the same scrambling number
In figure 1, the same scrambling number is adopted in multi-carriers. The black line represents the CM value of HSDPA. The red line represents the CM value of DC-HSDPA. The blue line represents the CM value of 3C-HSDPA. The green line represents the CM value of 4C-HSDPA.
We observed from figure 1 that the CM value increases with the carrier numbers. When the same scrambling number is adopted for different carriers, for every one carrier added the CM value increase by 0.3dB.
Conclusion 1   CM value changes little with the increase of SchEc, because SCH holds about 1% of the transmitting power, it contributes very little to the rising of CM.
2.2
CPICH part
As we know, CPICH is constructed with primary CPICH and secondary CPICH. Usually, when MIMO is not configured, there is only one primary CPICH for different carriers. In this case, although CPICH holds only 10% of the transmitting power, when the same phase signal is constructed with two times or more, the CM and PAPR deterioration are rather considerable.
In the following, we compared the CM value with one CPICH pattern and two different CPICH patterns.
2.2.1    CM simulation
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Figure 3   CM for multi-carrier with the same or different CPICH, PCCPCH, PICH pattern
In figure 3, different CPICHs are adopted in DC-HSDPA. The black line represents the CM value of DC-HSDPA with different scrambling numbers. The red line represents the CM value of DC-HSDPA with the same CPICH, P-CCPCH, PICH. The dotted red line represents different CPICHs, the same P-CCPCH, PICH. The blue line represents the CM value of DC-HSDPA with the same CPICH, different P-CCPCHs, PICHs. The dotted blue line represents different CPICHs, P-CCPCHs, PICHs.
From figure 3, we observed the CM value decrease by 0.3dB when CpichEc is set to be -10dB, with different CPICH pilot patterns are used in DC-HSDPA. Also, we observed the CM value decrease by 0.3dB when CpichEc is set to be -10dB, with different P-CCPCH and PICH in DC-HSDPA.
Conclusion 2   As CPICH holds 10% of the transmitting power, it contributes about 0.3dB to the rising of CM in DC-HSDPA.
2.3
Scrambling number
2.3.1
CM simulation 
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Figure 4   CM for multi-carrier with the same or different scrambling numbers

In figure 4, all the channel codes are set as in table 1 except HS-PDSCH.
From figure 4, we observe when HS-PDSCH is set as -10dB, for every one carrier added, the CM value increase about 1dB if using the same scrambling number on different carriers, and the CM value increase about 0.1dB to 0.4dB if using different scrambling numbers. When HS-PDSCH is set as -2dB, for every one carrier added, the CM value increase about 0.3dB if using the same scrambling number on different carriers, and the CM value increase only 0.1dB or less if using different scrambling numbers.
2.3.2
PAPR simulation
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.         Figure 5   PAPR for multi-carrier with the same or different scrambling numbers
In this part, we provide the PAPR simulation to make a comparison with the CM simulation, all the channel codes are set as in table 1. From figure 5, the similar observation can be made in figure 4.

Conclusion 3   Different scrambling numbers on each carrier can further reduce CM and PAPR values.
3
Conclusions

In this contribution, we analyzed the reason for CM and PAPR rising, and made some conclusions.
Conclusion 1   As SCH holds only 1% of the transmitting power, it contributes very little to the rising of CM.
Conclusion 2   As CPICH holds 10% of the transmitting power, it contributes about 0.3dB to the rising of CM in DC-HSDPA.
Conclusion 3   Different scrambling numbers on each carrier can further reduce CM and PAPR values. 
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