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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 (stringent for IM3). In this contribution measurements are performed on UE with  high efficiency PA , showing that the PA meets the existing NS_05 requirement for single component carrier for the set of waveforms known to be most challening. We offer this submission to show good performance and spec compliance with a high efficiency PA for single component carrier waveforms.  NS_05 PHS emissions is a known stringent requirement for IM5.
2. Requirements
In these measurements 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


For B1 the MPR applies

Table 6.2.3-1: Maximum Power Reduction (MPR) for Power Class 1 and 3

	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	> 5 
	> 4 
	> 8 
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2


And the A-MPR for NS_05

Table 6.2.4-1: Additional Maximum Power Reduction (A-MPR)

	Network Signalling value
	Requirements (subclause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks (NRB)
	A-MPR (dB)

	NS_05
	6.6.3.3.1
	1
	10,15,20
	≥ 50
	≤ 1


3. Measurements

A prototype band 1 UE using high efficiency PA was measured for NS_05 PHS band emisions. While the measurement was made at room temperature, the UE was stressed in the following ways to find representative NS_05 PHS emissions performance:  One, it was taken to the limits of expected amplitude and delay mismatch (to push the limits of HEPA).  Two, we ensured no duplexer attenuation help in PHS band for the measurement, in line with specified worst case B1 duplexer performance.  And lastly, we took the UE to a power control error of ~ +1dB above the nominal value of +23dBm – MPR(dB) – AMPR(dB).  The above steps help ensure that the measurement is representative of HEPA capability for NS_05.

Tables 1 and 2 contain the measurement results.

In Table 1 the carrier was placed such that the low edge of the channel  was at 1915.7MHz + Ch BW + 4MHz. Each of these measurements meets the requirement for NS_05.
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LTE Mode Modulation RB_start L_CRB MPR AMPR Target UE PowerMeasured UE PowerMeasured PHS_emission

10MHz QPSK 0 48 1 0 22 23.1 -42.5

10MHz 16QAM 0 48 2 0 21 22.2 -44.8

10MHz QPSK 0 50 1 1 21 22.2 -44

10MHz 16QAM 0 50 2 1 20 21 -46.4

10MHz QPSK 0 1 0 0 23 23.7 -48

10MHz 16QAM 0 1 1 0 22 22.7 -48.5

15MHz QPSK 0 48 1 0 22 23 -49.2

15MHz 16QAM 0 48 2 0 21 22.1 -51

15MHz QPSK 0 75 1 1 21 21.7 -48.7

15MHz 16QAM 0 75 2 1 20 20.7 -51.7

15MHz QPSK 0 1 0 0 23 23.7 -52

15MHz 16QAM 0 1 1 0 22 22.7 -52.7

20MHz QPSK 0 48 1 0 22 23.3 -52

20MHz 16QAM 0 48 2 0 21 22 -54.5

20MHz QPSK 0 100 1 1 21 22 -50

20MHz 16QAM 0 100 2 1 20 20.7 -52.4

20MHz QPSK 0 1 0 0 23 23.7 -51

20MHz 16QAM 0 1 1 0 22 22.7 -53


Table 1 NS_05 UE Measurements
In Table  2 , the 15MHz carrier was placed at 1932.5 MHz, while the 20MHz carrier was placed at 1930MHz. Each of these measurements meets the requirement for NS_05.
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LTE Mode Modulation RB_start L_CRB MPR AMPR Target UE PowerMeasured UE PowerMeasured PHS_emission

15MHz QPSK 8 30 1 0 22 23.2 -46

15MHz 16QAM 8 30 2 0 21 22.1 -47

15 MHz QPSK 8 1 0 0 23 23.7 -49

15 MHz 16QAM 8 1 1 0 22 22.7 -50

20MHz QPSK 24 24 1 0 22 23.2 -45

20MHz 16QAM 24 24 2 0 21 22.2 -46

20MHz QPSK 24 1 0 0 23 23.7 -47

20MHz 16QAM 24 1 1 0 22 22.7 -48


Table 2 NS_05 UE Measurements inside 1915.7+chBW+4MHz Guardband
4.    Conclusion
In this presentation we have shown that the high efficiency PA meets the existing NS_05 specification. A band 1UE was measured with the various stresses discussed in this submission, and found to meet NS_05 for the known set of most challening waveforms.
Also note that in [1] the high efficiency PA was shown to meet the NS_07 requirement. We offer these studies as evidence that the PA can meet the existing stringent requirements for single component carrier.
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