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1
Introduction
In this contribution we present our MPR simulation results for NB-IoT Power Class 5 based on the WFs agreed in RAN4#78bis [1] and RAN4#78-NB-IoT [3].
2
Discussion
NB-IoT UE MPR simulations were performed to find out the necessary MPR to meet the NB-IoT UE emission requirements. In order to guarantee that NB-IoT can operate in extended coverage scenarios it has been agreed that NB-IoT single tone transmissions are not allowed to have MPR hence the purpose of this study is to simulate only multitone (3, 6 and 12 tones)  transmissions.
2.1
Emission requirements

SEM:
The Spectrum emission mask for NB-IoT UE is defined as in Table 1 below.

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


FOOB:

Boundary between out-of-band domain and spurious emission domain for NB-IoT UE is specified as FOOB = 1.7 MHz.  The spurious emission limits apply for the frequency ranges that are more than FOOB from the edge of the NB-IoT channel bandwidth.

Spurious emission limits:
NB-IoT spurious emission domain limits are defined as in Table 2 below
Table 2: NB-IoT Spurious emission domain limits
	Frequency Range
	Maximum Level
	Measurement bandwidth

	9 kHz ( f < 150 kHz
	-36 dBm
	1 kHz 

	150 kHz ( f < 30 MHz
	-36 dBm
	10 kHz 

	30 MHz ( f < 1000 MHz
	-36 dBm
	100 kHz

	1 GHz ( f < 12.75 GHz
	-30 dBm
	1 MHz

	12.75 GHz ≤ f < 5th harmonic of the upper frequency edge of the UL operating band in GHz
	-30 dBm
	1 MHz


ACLR:
NB-IoT ACLR requirements are defined in Table 3 below.
Table 3: 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
Used simulation parameters
The following simulator configuration was used for the MPR simulations.

Image rejection = 25 dB

LO leakage = 25 dB

CIM3 = 60 dB

No phase noise
CMOS PA model

Inserting the cyclic prefix, overlapped windowing, and baseband filtering were performed at a sample rate of 1.92 MHz.
The leading window slope is [0.1429    0.2857    0.4286    0.5714    0.7143    0.8571], and the trailing slope is a mirror image thereof.
The impulse response coefficients of the FIR baseband filter are shown in Table 5.
Table 5. Baseband filter coefficients

	-0.0255

	-0.0131

	0.0040

	0.0282

	0.0612

	0.0988

	0.1317

	0.1527

	0.1597

	0.1527

	0.1317

	0.0988

	0.0612

	0.0282

	0.0040

	-0.0131

	-0.0255


2.3
Simulation results for PC5
Multitone transmissions with 3 or 6 tones did not need MPR. The 3-tone and 6-tone cases have ~7 dB and 2.5 dB SEM margin, respectively. The MPR needed by a 12-tone signal is 1.9 dB. 
Signal spectra are presented in Fig. 3(5.
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Fig. 3. Spectrum of a 3-tone allocation at channel edge.
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Fig. 4. Spectrum of a 6-tone allocation.

[image: image3.png]Power in dBm

15kHz spacing, SC-FDMA, QPSK, 12 tones, CMOS_PA

40 T .
Tones 0...11 @30kHz
GsmAcir=44.2dB @100KHz
UtraAclr=49.0dB A A SEM
PAPR(99%)=4.5dB ! !

20| PAPR(99.9%)=5.7dB o : spur
CM=2.2dB | !

Margin=0.4dB (SEM) | i
MPR=1.9dB ! |

Frequency in MHz




Fig.5. Spectrum of a signal with full 12-tone allocation.

The ACLR margins are very large, hence the MPR is determined by the SEM. Therefore, a lower transmission power could be expected to reduce the needed MPR.  However, our simulation results suggest that the same MPR should apply to both Power Class 3 and Power Class 5. This is due to the agreed PA model calibration rule. The lower power in Power Class 5 allows the PA to be driven deeper into saturation in single-tone transmission, making the PA behave more nonlinearly (and improving power efficiency). As a consequence and part as a coincidence, the The same MPR applies to both Power Class 3 and Power Class 5 at full allocation. Should MPR < 2 dB be specified at full allocation for Power Class 5, this would require better PA linearity and thus reduce power efficiency for all allocations.
For PC3 [2] we proposed 2 dB MPR for 12 tone allocation. No other allocation requires MPR.

Proposal 1: Allow ≤ 2 dB MPR for 12 tone allocation for NB-IoT PC3 UE. No other MPR is allowed

Proposal 2: Reuse PC 3 MPR for PC5.
3
Summary

This contribution presented our NB-IoT MPR simulation results for Power Class 5. Also we have made following proposal
Proposal 1: Allow ≤ 2 dB MPR for 12 tone allocation for NB-IoT PC3 UE. No other MPR is allowed

Proposal 2: Reuse PC 3 MPR for PC5.

At the end there are two draft CR proposal for MPR depending the discussion in RAN4.
4
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***************************** DRAFT CR for MPR Nokia proposal ****************************
6.2.3F
UE maximum output power for modulation / channel bandwidth for category NB1

For UE category NB1 power class 3 and 5 the allowed Maximum Power Reduction (MPR) for the maximum output power given in Table 6.2.2F-1 is specified in Table 6.2.3F-1.

Table 6.2.3F-1: Maximum Power Reduction (MPR) for UE category NB1 Power Class 3 

	Modulation
	QPSK

	MPR for < 12 Tones allocation
	0 dB

	MPR for 12 Tones allocation
	≤ 2 dB


For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.5F apply.
***************************** DRAFT CR for MPR generic proposal ****************************
6.2.3F
UE maximum output power for modulation / channel bandwidth for category NB1

For UE category NB1 power class 3 and 5 the allowed Maximum Power Reduction (MPR) for the maximum output power given in Table 6.2.2F-1 is specified in Table 6.2.3F-1 and 6.2.3F-2 respectively.
Table 6.2.3F-1: Maximum Power Reduction (MPR) for UE category NB1 Power Class 3 

	Modulation
	QPSK

	Tone positions for 3 Tones allocation
	0-2
	3-5
	3-8
	9-11

	MPR
	TBD
	TBD
	TBD
	TBD

	Tone positions for 6 Tones allocation
	0-5
	6-11

	MPR
	TBD
	TBD

	Tone positions for 12 Tones allocation
	0-11

	MPR
	[ ≤ 2 dB]


Table 6.2.3F-2: Maximum Power Reduction (MPR) for UE category NB1 Power Class 5 

	Modulation
	QPSK

	Tone positions for 3 Tones allocation
	0-2
	3-5
	3-8
	9-11

	MPR
	TBD
	TBD
	TBD
	TBD

	Tone positions for 6 Tones allocation
	0-5
	6-11

	MPR
	TBD
	TBD

	Tone positions for 12 Tones allocation
	0-11

	MPRepe
	[≤ 2 dB]


For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.5F apply.
