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1
Introduction
In RANWG4 #51, the following ACLR definition [1] was agreed 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.

Based on this definition with the assumption of 33 dBc ACLR1, ACLR2 figure (36 dBc) was investigated in [2]. In this contribution, we further verify the ACLR2 limit of 36 dBc with more waveforms and PA models, as agreed in Ad Hoc meeting in RAN4 #51bis [3]. 
2
Simulation Set-Up
The simulation was performed based on a realistic model of the RF transmitter chain which includes, the local oscillator (LO), mixers, driver amplifier (DA), power amplifier (PA), duplexer, and switchplexer as shown in Figure 1.
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Figure 1: Block diagram of transmitter (Analog/RF) for DC-HSUPA
Table 1 lists the different DC-HSUPA waveforms that were studied in this analysis. In this table, the DPCCH imbalance is defined as the DPCCH pilot power gain on the 2nd carrier relative to the 1st carrier. For example, an imbalance of +8 dB means the DPCCH on the second carrier is 8 dB higher than 1st carrier. Please note that this imbalance is different from the overall carrier imbalance. The modulation assumed on each carrier is QPSK and E-DPCCH boosting was not enabled. The test waveforms in Table 1 were chosen to account for various examples in DC-HSUPA. 

1) Waveform1 represents balanced carriers with a large TBS on each carrier.
2) Waveform2 represents balanced pilots with a large MPR.
3) Waveform 3 represents balanced pilots with a small MPR.

4) Waveform4 represents unbalanced pilots with a large MPR.

5) Waveform5 represents unbalanced pilots with a small MPR.

6) Waveform6 and Waveform7 represent the least margin MPR with the quantized MPRof 2 dB.

7) Waveform8 represents the least margin MPR with the quantized MPR of 1 dB.

8) Waveform9 represents the least margin MPR with the quantized MPR of 0 dB.

9) Waveform10 through Waveform12 represent some problematic waveforms for a poorly designed PA.
Table 1: DC-HSUPA Waveforms for ACLR Analysis

	
	Carrier 1
	Carrier 2
	Pilot Imbalance [dB]

	
	TBS

	Beta_ed1
	Beta_ed2
	Beta_ec
	Beta_hs
	TBS
	Beta_ed1
	Beta_ed2
	Beta_ec
	

	Waveform1
	6206
	84/15
	60/15
	24/15
	24/15
	7173
	84/15
	60/15
	24/15
	0

	Waveform2
	256
	34/15
	0
	24/15
	0
	256
	34/15
	0
	24/15
	0

	Waveform3
	5178
	95/15
	0
	19/15
	0
	129
	24/15
	0
	19/15
	0

	Waveform4
	7173
	84/15
	60/15
	24/15
	24/15
	382
	42/15
	0
	24/15
	8

	Waveform5
	129
	24/15
	0
	19/15
	0
	5178
	95/15
	0
	19/15
	8

	Waveform6
	6206
	84/15
	60/15
	24/15
	24/15
	7173
	84/15
	60/15
	24/15
	8

	Waveform7
	7173
	84/15
	60/15
	24/15
	24/15
	510
	47/15
	0
	24/15
	1

	Waveform8
	5178
	95/15
	0
	24/15
	24/15
	1015
	60/15
	0
	15/15
	1

	Waveform9
	5178
	95/15
	0
	24/15
	24/15
	256
	34/15
	0
	15/15
	-7

	Waveform10
	382
	42/15
	0
	24/15
	0
	510
	47/15
	0
	24/15
	8

	Waveform11
	6206
	84/15
	60/15
	24/15
	19/15
	382
	42/15
	0
	24/15
	8

	Waveform12
	7173
	84/15
	60/15
	24/15
	24/15
	2020
	53/15
	0
	24/15
	8


For each of these waveforms, we determine a suitable MPR such that ACLR1 = 33dB. Then, we will look at the ACLR2 figures of each waveform when ACLR1 requirement is just met at 33 dB.
3
ACLR2 Simulation Results
We ran the simulation with 5 PA models from various vendors with different bands. Figure 2 shows the summary of simulation results with 5 PA models. Each simulation result is shown from Figure 3 through Figure 62. It was shown that ACLR2 of 36 dBc can be met with the simulated PA models. Please note that this assumes the MPR in DC-HSUPA provides the enough back-off based on the cubic metric. If the MPR from cubic metric is less than the required, the UE may not meet ACLR1 and ACLR2 requirements accordingly.
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Figure 2: ACLR2 simulation results
4
Conclusions
In this contribution, we have analyzed 12 different DC-HSUPA waveforms with 5 different PA models for the purpose of ACLR2 requirement determination for DC-HSUPA. The analysis suggests 36 dBc ACLR2 requirement can be met for DC-HSUPA, conditioning that the MPR from cubic metric in DC-HSUPA offers enough back-off for ACLR1 requirement.
5
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Figure 3: ACLR1 and ACLR2 with waveform#1/PA1
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Figure 4: ACLR1 and ACLR2 with waveform#2/PA1
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Figure 5: ACLR1 and ACLR2 with waveform#3/PA1
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Figure 6: ACLR1 and ACLR2 with waveform#4/PA1
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Figure 7: ACLR1 and ACLR2 with waveform#5/PA1
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Figure 8: ACLR1 and ACLR2 with waveform#6/PA1
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Figure 9: ACLR1 and ACLR2 with waveform#7/PA1
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Figure 10: ACLR1 and ACLR2 with waveform#8/PA1
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Figure 11: ACLR1 and ACLR2 with waveform#9/PA1
[image: image12.emf]20 22 24 26 28 30 32

15

20

25

30

35

40

45

 



 ACLR2=38.1433dBc

Power (dBm)

ACLR dBc

 

 

ACLR1

ACLR2


Figure 12: ACLR1 and ACLR2 with waveform#10/PA1
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Figure 13: ACLR1 and ACLR2 with waveform#11/PA1
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Figure 14: ACLR1 and ACLR2 with waveform#12/PA1
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Figure 15: ACLR1 and ACLR2 with waveform#1/PA2
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Figure 16: ACLR1 and ACLR2 with waveform#2/PA2
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Figure 17: ACLR1 and ACLR2 with waveform#3/PA2
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Figure 18: ACLR1 and ACLR2 with waveform#4/PA2
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Figure 19: ACLR1 and ACLR2 with waveform#5/PA2
[image: image20.emf]20 21 22 23 24 25 26 27 28 29 30

20

25

30

35

40

45

 



 ACLR2=38.7954dBc

Power (dBm)

ACLR dBc

 

 

ACLR1

ACLR2


Figure 20: ACLR1 and ACLR2 with waveform#6/PA2
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Figure 21: ACLR1 and ACLR2 with waveform#7/PA2
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Figure 22: ACLR1 and ACLR2 with waveform#8/PA2
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Figure 23: ACLR1 and ACLR2 with waveform#9/PA2
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Figure 24: ACLR1 and ACLR2 with waveform#10/PA2
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Figure 25: ACLR1 and ACLR2 with waveform#11/PA2
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Figure 26: ACLR1 and ACLR2 with waveform#12/PA2
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Figure 27: ACLR1 and ACLR2 with waveform#1/PA3
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Figure 28: ACLR1 and ACLR2 with waveform#2/PA3
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Figure 29: ACLR1 and ACLR2 with waveform#3/PA3
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Figure 30: ACLR1 and ACLR2 with waveform#4/PA3
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Figure 31: ACLR1 and ACLR2 with waveform#5/PA3
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Figure 32: ACLR1 and ACLR2 with waveform#6/PA3
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Figure 33: ACLR1 and ACLR2 with waveform#7/PA3
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Figure 34: ACLR1 and ACLR2 with waveform#8/PA3
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Figure 35: ACLR1 and ACLR2 with waveform#9/PA3
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Figure 36: ACLR1 and ACLR2 with waveform#10/PA3
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Figure 37: ACLR1 and ACLR2 with waveform#11/PA3
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Figure 38: ACLR1 and ACLR2 with waveform#12/PA3
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Figure 39: ACLR1 and ACLR2 with waveform#1/PA4
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Figure 40: ACLR1 and ACLR2 with waveform#2/PA4
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Figure 41: ACLR1 and ACLR2 with waveform#3/PA4
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Figure 42: ACLR1 and ACLR2 with waveform#4/PA4
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Figure 43: ACLR1 and ACLR2 with waveform#5/PA4
[image: image44.emf]18 20 22 24 26 28 30

24

26

28

30

32

34

36

38

40

42

44

 



 ACLR2=38.0473dBc

Power (dBm)

ACLR dBc

 

 

ACLR1

ACLR2


Figure 44: ACLR1 and ACLR2 with waveform#6/PA4
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Figure 45: ACLR1 and ACLR2 with waveform#7/PA4
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Figure 46: ACLR1 and ACLR2 with waveform#8/PA4
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Figure 47: ACLR1 and ACLR2 with waveform#9/PA4
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Figure 48: ACLR1 and ACLR2 with waveform#10/PA4
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Figure 49: ACLR1 and ACLR2 with waveform#11/PA4
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Figure 50: ACLR1 and ACLR2 with waveform#12/PA4
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Figure 51: ACLR1 and ACLR2 with waveform#1/PA5
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Figure 52: ACLR1 and ACLR2 with waveform#2/PA5
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Figure 53: ACLR1 and ACLR2 with waveform#3/PA5
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Figure 54: ACLR1 and ACLR2 with waveform#4/PA5
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Figure 55: ACLR1 and ACLR2 with waveform#5/PA5
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Figure 56: ACLR1 and ACLR2 with waveform#6/PA5
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Figure 57: ACLR1 and ACLR2 with waveform#7/PA5
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Figure 58: ACLR1 and ACLR2 with waveform#8/PA5
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Figure 59: ACLR1 and ACLR2 with waveform#9/PA5
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Figure 60: ACLR1 and ACLR2 with waveform#10/PA5
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Figure 61: ACLR1 and ACLR2 with waveform#11/PA5
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Figure 62: ACLR1 and ACLR2 with waveform#12/PA5
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