3GPP TSG-RAN WG4 Meeting #66











R4-130739
St. Julian’s, Malta, 28 January – 01 February 2013

Source:  Qualcomm Incorporated
Title: 
NS-05 Performance with High Efficiency PA
Agenda Item:  5.1
Document for: Discussion
1. Introduction
In recent RAN4 meetings we have submitted contributions showing good performance for a high efficiency PA design for the general case and also for the stringent NS_07 case. In this contribution simulations are performed with a high efficiency PA model showing that the PA meets the NS_05 requirement for single component carrier. We offer this submission to show good performance and spec compliance with a high efficiency PA for single component carrier waveforms.
2. Discussion
In previous meetings there has been some discussion and questions about the performance of these power amplifiers for single component carrier waveforms. In [1] the high efficiency PA was studied and the power amplifier was found to meet the stringent NS_07 requirement. In this submission we study the NS_05 requirement.

We have performed simulation studies for 12 different cases. Each of these is described below.

2.1 Simulation
In these simulations NS_05 compliance for B1 was studied.  For NS_05 the requirements are as shown in Tables 1-3.

The additional SEM and addition spurious emission limits for NS_05 signaling are shown in the tables below (from 36.101). Each of the waveforms was tested against these requirements.
Table 6.6.3.3.1-1: Additional requirements (PHS)

	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 
	Note

	
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	
	

	1884.5 f 1915.7
	-41
	-41
	-41
	-41
	300 KHz
	2

	NOTE 1:
Applicable when the lower edge of the assigned E-UTRA UL channel bandwidth frequency is larger than or equal to the upper edge of PHS band (1915.7 MHz) + 4 MHz + the channel BW assigned, where channel BW is as defined in subclause 5.6. Operations below this point are for further study.


Recently there were some additional RB restrictions added for operation in the lower end of the band. The RBstart and Lcrb ranges are show in the table below. We also tested performance against this requirement.
Table 6.6.3.3.1-2: RB restrictions for additional requirement (PHS).
	15 MHz channel bandwidth with fc = 1932.5 MHz

	RBstart
	0-7
	8-66
	67-74

	LCRB
	N/A
	≤ MIN(30, 67 – RBstart)
	N/A

	20 MHz channel bandwidth with fc = 1930 MHz

	RBstart
	0-23
	24-75
	76-99

	LCRB
	N/A
	≤ MIN(24, 76 – RBstart)
	N/A


In addition to the NS_05 requirements the general ACLR requirement and spurious requirements were tested, namely : 
· UTRAACLR1 = 33dB

· UTRAACLR2 = 36dB

· CA E-UTRAACRL = 30dB
· Spurious emissions limit was -30dBm/1MHz 
Simulation assumptions were as follows:

· PA operating point: with fully allocated REL-8 100RB QPSK signal UTRAACLR1 = 33 dBc with Pout = 22 dBm.
· Modulator IQ – image = 25dB (high band RAN4 simulation assumption)
· Modulator carrier leakage = 25 dB (high band RAN4 simulation assumption)
Post PA loss of 4 dB was used 

  2.3  Simulation Results

Lower Section of the Band (Below 1915.7 MHz+ 4 MHz + the channel BW)

In Figures 1 and 2 we show the simulation results for the low frequency region of the PHS band as specified in Table 6.6.3.3.1-2 of 36.101.  For this region the UE is not allowed to have any A-MPR. From the figures below you can see that the HEPA does not require any A-MPR and that it meets the requirement in this region of the band.
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Figure 1 A-MPR Simulation Results for 15 MHz at fc=1932.5 MHz 16QAM
[image: image2.emf]0 10 20 30 40 50 60 70

10

20

30

40

50

60

70

RBStart

RBLength

ET PA NS

0

5 AMPR 16QAM 20 1930

 

 

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1


Figure 2 A-MPR Simulation Results for 20 MHz at fc=1930 MHz 16QAM

	Channel bandwidth
	fc
	RBstart
	LCRB
	Modulation
	A-MPR Needed

	15MHz
	1932.5
	8-66
	≤ MIN(30, 67 – RBstart)
	QPSK
	None

	15MHz
	1932.5
	8-66
	≤ MIN(30, 67 – RBstart)
	16QAM
	None

	20MHz 
	1930
	24-75
	≤ MIN(24, 76 – RBstart)
	QPSK
	None

	20MHz 
	1930
	24-75
	≤ MIN(24, 76 – RBstart)
	16QAM
	None


Table 1 Simulation Results for the low end of Band 1
Upper Section of the Band (Above 1915.7 MHz+ 4 MHz + the channel BW)

We also performed simulations for the other cases to test the A-MPR required above the boundary frequency 1915.7 MHz + 4 MHz + channel BW. Figure 3 below shows the results for one of the cases from these simulations. As you can see no A-MPR is required for this case.
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Figure 3 A-MPR Simulation Results for 15MHz QPSK
We have summarized the results for the other simulations in Table 2 rather than showing additional plots. In all of these cases no A-MPR is needed. 
	Channel bandwidth
	fc
	Modulation
	A-MPR Needed

	5MHz
	1927.2
	QPSK
	None

	5MHz
	1927.2
	16QAM
	None

	10MHz
	1934.7
	QPSK
	None

	10MHz
	1934.7
	16QAM
	None

	15MHz
	1942.2
	QPSK
	None

	15MHz
	1942.2
	16QAM
	None

	20MHz
	1949.7
	QPSK
	None

	20MHz
	1949.7
	16QAM
	None


Table 2 Simulation Results for Above [1915.7 MHz + 4 MHz + Channel BW]
3.    Conclusion
In this presentation we have shown that no A-MPR is needed for the high efficiency PA in Band 1 for NS_05. NS_05 is a stringent requirement and this result is offered to demonstrate the good performance of this power amplifier.
Also note that in [1] the high efficiency PA was shown to meet the NS_07 requirement. We offer these studies as proof that the PA can meet the existing requirements for single component carrier.
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