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1
Introduction
In RANWG4 #51, an Ad-Hoc meeting on DC-HSUPA was held, a summary of which was captured in [1]. The topic of specifying requirements for the transmitter characteristics for a DC-HSUPA UE was mainly discussed in this meeting. With regard to ACLR requirement, the following points were agreed for a way forward.

Agreed way forward:

· ACLR definition from R4-091679 [2] taken as a working assumption

· Same ACLR requirement applies for both sides of the dual carriers (even if imbalanced)

· Further offline discussion among interested companies on way forward regarding BO alignment simulations (e.g., it could be based on the R4-091747 scenario) 

· Assume same ACLR2 figures from LTE for investigations

In this contribution, we discuss further adjacent channel leakage power ratio (ACLR) requirement for DC-HSUPA.
2
Definition of ACLR for DC-HSUPA
In Ad-Hoc meeting during RANWG4 #51, the following ACLR definition for DC-HSUPA [2] was agreed as a working assumption.
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.
The definition above will be assumed throughout the document. We also would like to propose the definition above for a text proposal for DC-HSUPA ACLR.
3
Analysis of ACLR for DC-HSUPA
It is a general understanding that ACLR1 limit (the 1st 5 MHz from the edge of DC-HSUPA inband signals) should be 33 dB, which makes DC-HSUPA requirement consistent with a single carrier UMTS requirement [3] as well as LTE requirement [4]. As proposed in [2] and agreed during Ad-Hoc meeting [1], we will investigate whether we can borrow ACLR2 limit (the next 5 MHz from the edge of ACLR1) from LTE requirement [4]. Table 1 summarizes the proposed ACLR1 and ACLR2 requirements for DC-HSUPA. In this section, we perform an ACLR analysis of a few DC-HSUPA waveforms to look at the feasibility of ACLR2 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


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.
[image: image1.emf]Duplexer

Switchplexer

TX

ANT

RX

PA

PLL

LPF

LPF

Cos(wt)

Sin(wt)

DAC

DAC

I chan

Q chan

DA


Figure 1: Block diagram of transmitter (Analog/RF) for DC-HSUPA
Table 2 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. The modulation assumed on each carrier is QPSK and E-DPCCH boosting was not enabled.
Table 2: DC-HSUPA Waveforms for ACLR Analysis

	DC-HSUPA Waveform
	TBS1 [bits]
	TBS2 [bits]
	Carrier 1 SF
	Carrier 2 SF
	Carrier 1 15*βed/βc

15* βec/βc
	Carrier 2 15*βed/βc
15* βec/βc
	Carrier1 βhs/ βc
	DPCCH Imbalance [dB]

	
	
	
	
	
	Code1
	Code2
	Code1
	Code2
	
	

	1
	6206
	7173
	2SF2+
2SF4
	2SF2+
2SF4
	60
24
	84
24
	60
24
	84
24
	24
	0

	2
	256
	256
	1SF8
	1SF8
	34
24
	N/A
	34

24
	N/A
	OFF
	0

	3
	5178
	129
	2SF2
	1SF16
	95
19
	N/A
	24
19
	N/A
	OFF
	0

	4
	7173
	382
	2SF2+
2SF4
	1SF4
	60

24
	84

24
	42

24
	N/A
	24
	8

	5
	129
	5178
	1SF16
	2SF2
	24

19
	N/A
	95

19
	N/A
	OFF
	8


For each of these waveforms, we determine a suitable MPR (relative to a Rel-5 MPR 0dB uplink waveform) such that ACLR1 = 33dB. Then, we will look at the ACLR2 figures of each waveform when ACLR1 requirement is just met at 33 dB.
Table 3: MPR required to achieve ACLR1 = 33 dB for DC-HSUPA waveforms in Table 2
	DC-HSUPA Waveform
	MPR [dB] required to achieve ACLR1 = 33dB

	1
	2.5

	2
	2.5

	3
	0.5

	4
	2.5

	5
	0


DC-HSUPA#1: TBS1 = 6206 bits, TBS2 = 7173 bits, DPCCH Power Imbalance = 0dB, MPR = 2.5 dB
· ACLR2 = 36.36 dB

· Positive and negative frequency offset ACLR1 sit on top of each other.

· Positive and negative frequency offset ACLR2 sit on top of each other.
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Figure 2: ACLR1 and ACLR 2 w.r.t. power in transmit chain with DC-HSUPA wavoform #1
DC-HSUPA#2: TBS1 = 256 bits, TBS2 = 256 bits, DPCCH Power Imbalance = 0dB, MPR = 2.5dB
· ACLR2 = 36.28 dB

· Positive and negative frequency offset ACLR1 sit on top of each other.

· Positive and negative frequency offset ACLR2 sit on top of each other.
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ACLR1: positive freq offset
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Figure 3: ACLR1 and ACLR 2 w.r.t. power in transmit chain with DC-HSUPA wavoform #2
DC-HSUPA#3: TBS1 = 5178 bits, TBS2 = 129 bits, DPCCH Power Imbalance = 0dB, MPR = 0.5dB
· ACLR2 = 43.43 dB

· Positive and negative frequency offset ACLR2 sit on top of each other.

[image: image4.emf]20 22 24 26 28 30 32

15

20

25

30

35

40

45

50

Power (dBm)

ACLR dBc

ACLR upper

 

 

ACLR1: positive freq offset
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Figure 4: ACLR1 and ACLR 2 w.r.t. power in transmit chain with DC-HSUPA wavoform #3

DC-HSUPA#4: TBS1 = 7173 bits, TBS2 = 382 bits, DPCCH Power Imbalance = 8dB, MPR = 2.5 dB
· ACLR2 = 37.39 dB

· Positive and negative frequency offset ACLR2 sit on top of each other.
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ACLR1: positive freq offset
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Figure 5: ACLR1 and ACLR 2 w.r.t. power in transmit chain with DC-HSUPA wavoform #4

DC-HSUPA#5: TBS1 = 129 bits, TBS2 = 5178 bits, DPCCH Power Imbalance = 8dB, MPR = 0 dB
· ACLR2 = 42.70 dB

· Positive and negative frequency offset ACLR2 sit on top of each other.
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Figure 6: ACLR1 and ACLR 2 w.r.t. power in transmit chain with DC-HSUPA wavoform #5

4
Conclusions
In this contribution, we have analyzed 5 different DC-HSUPA waveforms for the purpose of ACLR2 requirement determination for DC-HSUPA. The preliminary analysis suggests 36 dB ACLR2 requirement can be applied to DC-HSUPA.
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