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1
Introduction
In [1], a work item was open on Dual-Cell HSUPA (DC-HSUPA). Among all the transmitter characteristics in 25.101 [2], we firstly investigate the adjacent channel leakage ratio (ACLR) and cubic metric (CM). Other transmitter characteristics will be studied in [3]. In this document, we propose a new definition of ACLR suitable for DC-HSUPA and examine the relationship between CM and ACLR.
2
Assumptions

In new definition of ACLR for DC-HSUPA on adjacent frequencies, we assume a single RF transmitter front end as shown in Figure 1 below.
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Figure 1: Intra-band DC-HSUPA UE Transmitter: High Level Block Diagram

As seen in Figure 1, we assume the following for the purpose of analysis of impact to UE transmitter characteristics in the remainder of the document:

· Two Square Root Raised Cosine (SRRC) filters

· Two Digital Oscillators (+/- 2.5MHz)

· 1 Digital to Analog Converter (DAC)

· 1 Analog Low Pass Filter (LPF)

· 1 RF local oscillator tuned to the center of the two adjacent frequencies

· 1 Power Amplifier (PA)

· 1 Transmit Antenna
3
ACLR for DC-HSUPA
Current ACLR definition in UE transmitter characteristics in [2] is following:

Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the RRC filtered mean power centered on the assigned channel frequency to the RRC filtered mean power centered on an adjacent channel frequency.

For DC-HSUPA, due to a doubling of channel bandwidth, it is inevitable to change the definition of ACLR. We propose to use the following definition similarly as LTE [4]:
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.
With regard to the ACLR requirements for DC-HSUPA, we propose to reuse the existing ACLR requirements (UTRAACLR1/2) for 10 MHz LTE from 36.101 [4] as defined in Table 1. In Table 1, adjacent channel frequency is defined relative to the center of the two assigned channel frequencies in DC-HSUPA.
We should note that, since the power between two carriers can be different in DC-HSUPA, the ACLR of positive and negative adjacent frequency can be quite different as shown in Figure 2. In this case, however, both sides of ACLR should be within the ACLR limit in Table 1.
Table 1: UE ACLR for DC-HSUPA

	Power Class
	Adjacent channel frequency relative to the center of two assigned channel frequencies
	ACLR limit

	3
	+ 7.5 MHz or – 7.5 MHz
	33 dB

	3
	+ 12.5 MHz or – 12.5 MHz
	36 dB

	4
	+ 7.5 MHz or – 7.5 MHz
	33 dB

	4
	+ 12.5 MHz or -12.5 MHz 
	36 dB
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Figure 2: Illustration of ACLR in case of imbalanced DC-HSUPA

4
Cubic Metric for DC-HSUPA
In this section, we examine the validity of the current cubic metric definition related to the proposed ACLR definition in Section 3. The current CM definition [2] is rewritten below for your information.
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

Using DC-HSUPA waveform, we measure the raw CM with current definition above (without CEIL operation), and the ACLR with definition in Section 3. From the ACLR characteristics, we estimate the MPR and derive the estimated raw CM from the MPR. Then, we can observe how accurate the current CM definition is in a DC-HSUPA context. The DC-HSUPA waveform was generated using the settings in Figure 3. The one carrier consists of DPCCH, E-DPCCH, E-DPDCH, HS-DPCCH and optional DPDCH. The other carrier consists of DPCCH, E-DPCCH and E-DPDCH. In this contribution, eight waveforms are used to analyze the ACLR characteristics of a DC-HSUPA waveform as a starting point. The waveforms are generated with the settings in Table 2. DPCCH, E-DPCCH and E-DPDCH settings are the same for both carriers.
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Figure 3: DC-HSUPA waveform generation
Table 2: Settings of test waveforms
	Test
	TBS [bits]
	Carrier Power Offset*  [dB]
	DPDCH
	SF
	βd
	βed1
	βed22
	βec
	βhs

	1 
	1406 
	0
	NO 
	1xSF4 
	0
	21/15
	0
	24/15
	15/15

	2 
	2798 
	0
	NO 
	2xSF4
	0
	21/15
	0
	24/15
	15/15

	3 
	5772 
	0
	NO
	2xSF2
	0
	21/15
	0
	24/15
	15/15

	4 
	11484 
	0
	NO
	2xSF2+ 2xSF4
	0
	21/15
	27/15
	24/15
	15/15

	5 
	11484
	6
	NO
	2xSF2+ 2xSF4
	0
	21/15
	27/15
	24/15
	15/15

	6
	1406 
	0
	YES 
	1xSF4 
	21/15
	21/15
	0
	24/15
	15/15

	7
	2798 
	0
	YES 
	2xSF4
	21/15
	21/15
	0
	24/15
	15/15

	8
	5772 
	0
	YES
	2xSF2
	21/15
	21/15
	0
	24/15
	15/15

	Note: Carrier Power Offset is the relative power difference of DPCCH in right side carrier to DPCCH in left side carrier.


The AM/AM and AM/PM curves for a PA used in verification are shown in Figure 4 and 5 respectively.
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Figure 4: AM/AM characteristics of nonlinear PA
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Figure 5: AM/PM characteristics of nonlinear PA

Figure 6 shows an example of the ACLR characteristics with test case 1 w.r.t. the output power of the PA. To derive the MPR, we will use the target ACLR of 36 dBc. Using the same PA model, the output power of HSUPA MPR0 waveform at 36 dBc ACLR is 28.7 dBm. The output power at 36 dBc ACLR for each test case is presented in Table 3. It should be noted that the ACLR presented here is “positive ACLR1” component in Figure 2. Using the reference of HSUPA MPR0 waveform (28.7 dBm), the expected MPR of DC-HSUPA waveform is computed as

Measured MPR = MPR0 Output Power at 36 dBc ACLR (28.7 dBm) - Output Power at 36 dBc ACLR

and shown in Table 3 as “Measured MPR”. “Measured CM” is then obtained from “Measured MPR” as


Measured CM = Measured MPR +1.

The computed raw CM using the 25.101 definition (without CEIL operation) is also shown in Table 3. The CM comparison between “Measured CM” and “Computed CM” is shown in Figure 7. The difference of up to 0.65 dB is observed.
It is shown that current definition of the CM in 25.101 does not provide a good estimate for a real CM in DC-HSUPA, which will result in incorrect MPR. Furthermore, in the case of imbalanced DC-HSUPA, we will have different ACLR values in both sides. We need to define a single value for CM even with an imbalanced DC-HSUPA waveform. It is for FFS how to select the CM even with imbalance in DC-HSUPA.
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Figure 6: ACLR characteristics of test case 1 waveform
Table 3: Settings of test waveforms
	Test
	Output Power
@ 36 dBc ACLR
	Measured MPR
	Measured CM
	Computed CM

	1
	26.35
	2.35
	3.35
	2.7

	2
	26.5203
	2.1797
	3.1797
	2.7

	3
	26.3341
	2.3659
	3.3659
	3.3

	4
	26.186
	2.514
	3.514
	3.4

	5
	26.286
	2.414
	3.414
	3.1

	6
	26.2577
	2.4423
	3.4423
	3.4

	7
	26.4455
	2.2545
	3.2545
	3.2

	8
	26.3121
	2.3879
	3.3879
	3.3
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Figure 7: Cubic Metric Comparison between measured and computed

To reduce the discrepancy between Measure and Computed CMs, we have tried the following two approaches:

· k=1.56 for all DC-HSUPA waveforms regardless of channelization codes used

· Always compute the CM as if the carriers are equal power (even for cases when we have imbalanced DC-HSUPA)
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Figure 8: Cubic Metric Comparison between measured and computed (adjusted)

The adjusted CM is shown with Measured CM in Figure 8. The newly computed CM shows a much better fit to Measured CM. So far we have only tested 8 waveforms. More analysis and verification is required before establishing a suitable CM definition for DC-HSUPA.
5
Conclusions
We proposed a new ACLR definition for DC-HSUPA:
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.
Using the proposed ACLR definition, we measured the CM using the 8 test waveforms for DC-HSUPA, compared them with the computed CM using the existing 25.101 definition. We observed some discrepancy between measured and computed CMs. We also showed that modified CM has a better fit to the measured CM. Further study is expected to establish a suitable CM definition for DC-HSUPA.
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