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1
Introduction
In RAN4#78bis NB-IoT UE emission requirements were agreed in [1], [2]. In this Document an existing LTE PA is measured with single tone and full RB waveforms and MPR is derived. Two sets of tests are performed: a first one where the 0 MPR reference is for single tone and a second one where no MPR is necessary and adaptive biasing is used. Finally power consumptions are compared.
2
Discussion
NB-IoT UE MPR is one of the key transmitter requirements especially for multi-tone operation. In this document measurements using both single tone and full RB are performed on an existing LTE PA and MPR is derived. This contribution will allow calibration of simulation results with more waveforms. Separately measurements are also performed without any MPR allowed for the multi-tone case (full RB) and adaptive bias for the single tone case. Finally the two cases are compared in terms of relative current consumption. The second case is representative to a solution where coverage is not compromised by MPR or battery life reduced due to re-transmission for full RB case. It also offers an alternative for power consumption by using higher data rates and shorter transmissions.
2.1
SEM and ACLR requirements

Table 1: NB-IOT SEM 
	FOOB (kHz)
	Emission limit (dBm)
	Measurement bandwidth

	( 0
	26
	30 kHz 

	( 100
	-5
	30 kHz

	( 150
	-8
	30 kHz

	( 300
	-29
	30 kHz

	( 500-1700
	-35
	30 kHz


Table 2: NB-IoT ACLR requirements.

	Victim system
	GSM
	UTRA

	ACLR
	20 dB
	37 dB

	Adjacent channel
measurement bandwidth
	180 kHz
	3.84 MHz

	Measurement filter
	Rectangular
	RRC-filter α=0.22

	Adjacent channel center 
Frequency offset from 
NB-IoT Channel edge
	±200 kHz
	±2.5 MHz


2.2
Measurement setup
2.2.1
Measurement conditions
The input signal used for power amplifier measurements is without transceiver impairments (Image rejection = 25 dB, LO leakage = 25 dB, CIM3 = 60 dB not used), measured at 782MHz channel center frequency.
Two MPR scenarios were measured for Power classes 3

· MPR=0 for single tone transmissions (15 kHz pi/2 BPSK and pi/4 QPSK) and MPR for full RB QPSK 
· MPR=0 for all cases with use of dynamic biasing
Measurement focusses on meeting SEM mask and GSM ACLR as these are the most demanding requirements, EVM was measured for Full RB case only. In every cases power consumption was measured and relative Power Added Efficiency (PAE) and battery current derived.
2.2.2
Measured device

The measured device is an LTE Cat0 IoT low band module including the power amplifier (PA), low pass filtering (LPF) and T/R switch (SWT) . The output of the module is thus representative of the performance at the UE antenna connector. The PA has a fully programmable bias current which can then be optimised for the single tone case only (fixed bias) or varied depending on the waveform (adaptive (variable) bias) which avoids the use of MPR for waveforms with higher PAPR.

2.3
Tested waveforms
Given the limited time and measurement instrument capabilities only the two extreme cases have been measured: 

· Single 15kHz tone at channel edge with PI/2 BPSK and PI/4 QPSK modulation
· Full RB with QPSK modulation
2.3.1
Pulse shaping filter for single tone cases
The same pulse shaping filter is used for all single tone cases, it consists in a full channel BW Parks-McClellan 24 taps FIR filter at 1.92Msps. Filter parameters are summarised in table 3 and filter coefficients can be found in table 4.
Table 3: Filter parameters

	parameter
	value
	parameter
	value
	Parameter
	value

	Sample rate
	1.92MHz
	PassRipple
	0.05dB
	StopRipple
	26

	PassFreq
	100kHz
	StopFreq
	240kHz
	MaxOrder
	24


Table 4: Filter coefficients

	#
	Numerator
	#
	Numerator
	#
	Numerator
	#
	Numerator

	1
	2.223E-02
	7
	-8.216E-03
	13
	0.1879
	19
	-2.621E-02

	2
	-1.363E-03
	8
	2.599E-02
	14
	0.1639
	20
	-2.902E-02

	3
	-1.036E-02
	9
	7.231E-02
	15
	0.1220
	21
	-2.154E-02

	4
	-2.154E-02
	10
	0.1220
	16
	7.231E-02
	22
	-1.036E-02

	5
	-2.902E-02
	11
	0.1639
	17
	2.599E-02
	23
	-1.363E-03

	6
	-2.621E-02
	12
	0.1879
	18
	-8.216E-03
	24
	2.223E-02


2.3.2
Pi/2 BPSK and PI/4 QPSK waveform spectrum and CCDF

The following figures provide the resulting spectrum for the PI/2 BPSK and PI/4 QPSK 15kHz single tones when using the pulse shaping filter described in previous section:
· Figure 1: single tone PI/2 BPSK spectrum
· Figure 2: single tone PI/2 BPSK CCDF: 0.9dB PAPR

· Figure 3: 12 tones position for single tone PI/2 BPSK with SEM mask

· Figure 4: single tone PI/4 QPSK spectrum

· Figure 5: single tone PI/4 QPSK CCDF: 0.94dB PAPR

· Figure 6: 12 tones position for single tone PI/4 QPSK with SEM mask

[image: image1.emf]Blue = 30kHz RBW
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Figure 1: single tone PI/2 BPSK spectrum (30kHz and 1kHz RBW)
[image: image2.emf]PAPR = 0.9dB


Figure 2: single tone PI/2 BPSK CCDF (0.9dB PAPR)
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Red = 1kHz RBW


Figure 3: single tone PI/2 BPSK spectrum vs SEM mask in every 12 positions
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Figure 4: single tone PI/4 QPSK spectrum (30kHz and 1kHz RBW)
[image: image5.emf]PAPR = 0.94dB


Figure 5: single tone PI/4 QPSK CCDF (0.94dB PAPR)
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Red = 1kHz RBW


Figure 6: single tone PI/2 BPSK spectrum vs SEM mask in every 12 positions
The filtered PI/2 BPSK and PI/4 QPSK signals have very close PAPR values and should result in the same power capability.
2.3.3
Filter for SC-FDMA cases

For the full RB SC-FDMA QPSK case double FIR filtering is used, this filtering results in 3% EVM.
2.3.4
full RB QPSK waveform spectrum and CCDF

The following figures provide the spectrum and CCDF of the filtered Full RB SC-FDMA QPSK signal.
[image: image7.emf]Blue:  30kHz RBW
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Figure 7: Full RB SC-FDMA QPSK spectrum (30kHz and 1kHz RBW)
[image: image8.emf]PAPR = 5.6dB at 0.1%


Figure 8: Full RB QPSK SC-FDMA CCDF (5.6dB PAPR)
2.4
Single tone and full RB tests with 0 MPR reference for single tone and fixed biasing
Figure 9, 10 and 11 illustrate the single tone Pi/2 BPSK, Pi/4 QPSK and full RB output spectrums relative to the GSM SEM mask when fixed biasing is used, the GSM ACLR result is also available in the graph legend. In this fixed bias the full RB case requires a 2.1dB MPR to meet the SEM mask and GSM ACLR.
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Figure 9: Pi/2 BPSK single tone output spectrum at 23dBm with fixed bias
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Figure 10: Pi/4 QPSK single tone output spectrum at 23dBm with fixed bias
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Figure 11: Full RB QPSK output spectrum at 20.1dBm with fixed bias
2.5
full RB tests without MPR and variable bias
Figure 12 illustrate the full RB output spectrum relative to the GSM SEM mask when Adaptive (Variable) biasing is used, the GSM ACLR result is also available in the graph legend. In this adaptive bias case both SEM mask and GSM ACLR can be met at full 23dBm output power for both the single tone and full RB cases. For single tone waveforms the bias and results are the same than in the previous section.
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Figure 12: Full RB QPSK output spectrum at 23dBm with fixed bias
2.6
Summary of results and power consumption comparison 

The output power, ACLR, SEM mask, EVM, MPR results and relative PAE and battery currents are summarised in table 5 below. It is to be noted that using adaptive biasing it is feasible to achieve the same output power for all waveform cases (0dB MPR) at sensibly same power efficiency. The slight differences in power efficiency between single tone and full RB cases with variable biasing are due to the differences in PAPR (in full RB case the peaks being higher they result in better efficiency contribution). Although the EVM value for the last case may seem high it is to be noted that a production design will achieve better margin to the SEM mask and thus have lower EVM.
Table 5: Results and power consumption comparison

	Biasing 
	waveform
	Pout

(dBm)
	GSM ACLR

(dBc)
	SEM

(GSM)
	EVM

(%)
	MPR

(dB)
	PAE

(rel.)
	Ibatt

(rel)

	Constant biasing 
	Single tone Pi/2 BPSK
	23
	-38.1
	Met
	n.a
	0
	X%
	Y

	
	Single tone Pi/4 QPSK
	23
	-38.3
	Met
	n.a
	0
	X%
	Y

	
	Full RB QPSK SC-FDMA
	20.9
	-36.2
	Met
	4.6
	2.1
	X-4%
	0.68Y

	Variable biasing 
	Full RB QPSK SC-FDMA
	23
	-31.3
	Met
	10.3
	0
	X+2%
	0.98Y


3
Summary

This contribution provides measured MPR values for full RB as agreed in previous meeting. They provide a good benchmark result for simulations. It is to be noted though that MPR values will strongly depend on pulse shaping filter choices for single tone operation since those will dictate the difference in PAPR between single tone and multi tone cases. Furthermore an adaptive biasing technique is demonstrated that allows all waveform cases to achieve the full 23dBm of class 3 thus allowing a 0 MPR solution. This 0 MPR solution allows better coverage at maximum data rate and thus allows further power consumption improvements by reducing transmit bursts durations.
4
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