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1
Introduction
In RANWG4 #52, 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. A few working assumptions were agreed upon and some items were listed as FFS. In [2-4], a detailed analysis was performed so far via realistic simulations of the DC-HSUPA transmitter chain to help define the spectrum emission mask (SEM) requirement for DC-HSUPA.
The following is an excerpt from ad-hoc meeting minutes [1] with regard to SEM discussion for DC-HSUPA.
Issues for discussion:

· Qualcomm Proposal 1: The LTE General and NS_03 masks for 10MHz occupied bandwidth are modified slightly by symmetrically extending the 2nd breakpoint of both the LTE General 10MHz SEM and LTE NS_03 SEM in a horizontal direction by 4 MHz from 15MHz to 19 MHz and from -15MHz to -19 MHz. The modified LTE General mask then serves as the General SEM requirement for DC-HSUPA waveform.

· Qualcomm Proposal 2: The extended LTE NS_03 (10 MHz) SEM as in Proposal 1 are applied as additional spurious requirements to Bands 2, 4, 5 and 10 when DC-HSUPA is configured in those bands. Furthermore, in these bands, without the need for signaling, in order to meet the 1st breakpoint requirement of this new SEM, an A-MPR [amount TBD] should always be applied.

· way forward on agreeing A-MPR value

· impact of the power imbalance definition on choosing value

Agreed way forward:

· Proposal 1 in 2901 agreed as a way forward
· Proposal 2 in 2901 agreed as a way forward 

· proposals for the agreeing A-MPR value invited for next meeting
In this contribution, we will provide further SEM analysis based on simulation and lab measurements to figure out the need of A-MPR for additional SEM requirements in band II, IV, V and X.

2
Analysis of SEM for Band II, IV, V and X
In this section, we perform a spectrum analysis of a few DC-HSUPA waveforms and compare the resulting spectrum with the agreed additional spectrum emission mask requirements (so called “extended LTE NS_03 SEM”) for DC-HSUPA. Considering the similarity between band II, IV and X, the analysis was done only for band II and band V.
· 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. Each waveform was driven to (23 dBm – MPR), where the spectrum was measured.
· The lab measurements were made with real PAs specific for certain bands. The lab measurements on SEM were made only with PA driven as per ACLR requirements (33 dBc). Then, post PA attenuation loss was applied so that the power level at the antenna port becomes 23 dBm. The MPR for each waveform was then further applied.
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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 Table 1, 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 2nd carrier is 8 dB higher than 1st carrier. The modulation assumed on each carrier is QPSK and E-DPCCH boosting was not enabled. The MPR of each waveform was computed from the agreed cubic metric formula [5].
Table 1: DC-HSUPA Waveforms for the purpose of SEM Analysis

	
	Carrier 1
	Carrier 2
	Pilot Imbalance [dB]
	MPR [dB]

	
	TBS
	ed1
	ed2
	ec
	hs
	TBS
	ed1
	ed2
	ec
	
	

	Waveform A
	6206
	84/15
	60/15
	24/15
	24/15
	7173
	84/15
	60/15
	24/15
	0
	2.5

	Waveform B
	6206
	84/15
	60/15
	24/15
	24/15
	7173
	84/15
	60/15
	24/15
	8
	2

	Waveform C
	7173
	84/15
	60/15
	24/15
	24/15
	510
	47/15
	0
	24/15
	1
	2

	Waveform D
	5178
	95/15
	0
	24/15
	24/15
	1015
	60/15
	0
	15/15
	1
	1.5

	Waveform E
	7173
	84/15
	60/15
	24/15
	24/15
	2020
	53/15
	0
	24/15
	8
	2


Waveform A: TBS1 = 6206 bits, TBS2 = 7173 bits, DPCCH Power Imbalance = 8dB, MPR = 2.5 dB
Figure 2 illustrates the spectrum plot for DC-HSUPA Waveform A that was used as an input to the transmitter using a band II PA model in the simulation. The spectrum is compared against additional SEM requirements for band II, IV, V and X as proposed in [6]. Figure 3 illustrates the spectrum with a band V PA model. Figure 4 and Figure 5 illustrates the spectrum with band II and V PAs respectively based on laboratory measurements.
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Figure 2: Waveform A, simulated spectrum in band II: comparison with additional SEM requirements for band II, IV, V and X
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Figure 3: Waveform A, simulated spectrum in band V: comparison with additional SEM requirements for band II, IV, V and X
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Figure 4: Waveform A, lab measurement of spectrum in band II: comparison with additional SEM requirements for band II, IV, V and X
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Figure 5: Waveform A, lab measurement of spectrum in band V: comparison with additional SEM requirements for band II, IV, V and X

Waveform B: TBS1 = 6206 bits, TBS2 = 7173 bits, DPCCH Power Imbalance = 8dB, MPR = 2.5 dB

Figure 6 illustrates the spectrum plot for DC-HSUPA Waveform B that was used as an input to the transmitter using a band II PA model in the simulation. The spectrum is compared against additional SEM requirements for band II, IV, V and X as proposed in [6]. Figure 7 illustrates the spectrum with a band V PA model. Figure 8 and Figure 9 illustrates the spectrum with band II and V PAs respectively based on laboratory measurements.
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Figure 6: Waveform B, simulated spectrum in band II: comparison with additional SEM requirements for band II, IV, V and X
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Figure 7: Waveform B, simulated spectrum in band V: comparison with additional SEM requirements for band II, IV, V and X
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Figure 8: Waveform B, lab measurement of spectrum in band II: comparison with additional SEM requirements for band II, IV, V and X
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Figure 9: Waveform B, lab measurement of spectrum in band V: comparison with additional SEM requirements for band II, IV, V and X

Waveform C: TBS1 = 6206 bits, TBS2 = 7173 bits, DPCCH Power Imbalance = 8dB, MPR = 2.5 dB

Figure 10 illustrates the spectrum plot for DC-HSUPA Waveform C that was used as an input to the transmitter using a band II PA model in the simulation. The spectrum is compared against additional SEM requirements for band II, IV, V and X as proposed in [6]. Figure 11 illustrates the spectrum with a band V PA model. Figure 12 and Figure 13 illustrates the spectrum with band II and V PAs respectively based on laboratory measurements.
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Figure 10: Waveform C, simulated spectrum in band II: comparison with additional SEM requirements for band II, IV, V and X
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Figure 11: Waveform C, simulated spectrum in band V: comparison with additional SEM requirements for band II, IV, V and X
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Figure 12: Waveform C, lab measurement of spectrum in band II: comparison with additional SEM requirements for band II, IV, V and X
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Figure 13: Waveform C, lab measurement of spectrum in band V: comparison with additional SEM requirements for band II, IV, V and X

Waveform D: TBS1 = 6206 bits, TBS2 = 7173 bits, DPCCH Power Imbalance = 8dB, MPR = 2.5 dB

Figure 14 illustrates the spectrum plot for DC-HSUPA Waveform D that was used as an input to the transmitter using a band II PA model in the simulation. The spectrum is compared against additional SEM requirements for band II, IV, V and X as proposed in [6]. Figure 15 illustrates the spectrum with a band V PA model. Figure 16 and Figure 17 illustrates the spectrum with band II and V PAs respectively based on laboratory measurements.
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Figure 14: Waveform D, simulated spectrum in band II: comparison with additional SEM requirements for band II, IV, V and X
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Figure 15: Waveform D, simulated spectrum in band V: comparison with additional SEM requirements for band II, IV, V and X
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Figure 16: Waveform D, lab measurement of spectrum in band II: comparison with additional SEM requirements for band II, IV, V and X
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Figure 17: Waveform D, lab measurement of spectrum in band V: comparison with additional SEM requirements for band II, IV, V and X

Waveform E: TBS1 = 6206 bits, TBS2 = 7173 bits, DPCCH Power Imbalance = 8dB, MPR = 2.5 dB

Figure 18 illustrates the spectrum plot for DC-HSUPA Waveform E that was used as an input to the transmitter using a band II PA model in the simulation. The spectrum is compared against additional SEM requirements for band II, IV, V and X as proposed in [6]. Figure 19 illustrates the spectrum with a band V PA model. Figure 20 and Figure 21 illustrates the spectrum with band II and V PAs respectively based on laboratory measurements.
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Figure 18: Waveform E, simulated spectrum in band II: comparison with additional SEM requirements for band II, IV, V and X
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Figure 19: Waveform E, simulated spectrum in band V: comparison with additional SEM requirements for band II, IV, V and X
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Figure 20: Waveform E, lab measurement of spectrum in band II: comparison with additional SEM requirements for band II, IV, V and X
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Figure 21: Waveform E, lab measurement of spectrum in band V: comparison with additional SEM requirements for band II, IV, V and X

3
Conclusions
In this contribution, we have analyzed 5 different DC-HSUPA waveforms to investigate the need for A-MPR for band II, IV, V and X assuming a maximum UE transmit power of +23dBm – MPR (from the cubic metric). The analysis was performed based on simulation of a realistic DC-HSUPA transmitter chain as well as laboratory measurements of a PA output in band II and band V. The analysis suggests that there is no need to introduce an A-MPR to meet additional requirements in band II, IV, V and X.
Proposal : There is no need to introduce an A-MPR for band II, IV, V and X.
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