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Summary

This contribution provides simulation results of NB-IoT UE MPR for both Power Class 3 and Power Class 5.
1
Introduction
In the Mexico meeting, WF on NB-IoT UE MPR simulation assumption was agreed [1]. In the NB-IoT Adhoc meeting, WF on MPR for NB-IoT was agreed [2]. NB-IoT UE MPR simulations are performed to find out the necessary MPR to meet the NB-IoT UE emission requirements. In order to guaranteed that NB-IoT can operate in extended coverage scenarios it was 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, with subcarrier spacing of 15kHz) transmissions.
2
Description of requirements and simulation assumptions
This section lists all requirements and assumptions for NB-IoT UE MPR simulations.

SEM:
The spectrum emission mask for NB-IoT UE is defined as in Table 2-1 below. 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.
Table 2-1: NB-IOT UE 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


Spurious emission limits:
NB-IoT spurious emission domain limits are defined as in Table 2-2 below.
Table 2-2: NB-IoT UE 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 UE ACLR requirements are defined in Table 2-3 below.
Table 2-3: NB-IoT UE 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


Simulation assumptions:

As it was agreed that NB-IoT single tone transmissions are not allowed to have MPR, it was agreed to set the PA MPR=0dB operating point such that no matter where single tone transmission is placed inside NB-IoT channel bandwidth it meets the NB-IoT emissions requirements. This PA operating point is used when simulating the multitone transmissions to seek out the necessary MPR.

MPR=0 for single tone transmissions (worst case among 3.75kHz pi/2 BPSK, 3.75kHz pi/4 QPSK, 15kHz pi/2 BPSK, and 15kHz pi/4 QPSK)

Image rejection = 25 dB

LO leakage = 25 dB

CIM3 = 60 dB

Power classes 3 (23dBm) and 5 (20dBm)
Phase noise: phase noise is not considered in this contribution
Pulse shaping filtering: A pulse shaping filter is essential part of the Pi/4-QPSK modulation and a root raised cosine filter with a=0.5 has been used for the simulation
UE transmission simulation assumptions are given in Table 2-4 below.

Table 2-4: UE transmission simulation assumptions

	Parameter set
	Num tones
	SC spacing
	Modulation

	1
	12
	15 kHz
	QPSK

	2
	6
	15 kHz
	QPSK

	3
	3
	15 kHz
	QPSK

	4
	1
	15 kHz
	pi/4-QPSK

	5
	1
	15 kHz
	pi/2-BPSK

	6
	1
	3.75 kHz
	pi/4-QPSK

	7
	1
	3.75 kHz
	pi/2-BPSK


Multi-tone allocations:

Only 3, 6 and 12 tone allocations are allowed for NB-IoT. 6 tones can occupy only tones 1-6 or 7-12, and 3 tones can occupy tones 1-3, 4-6, 7-9 or 10-12.

Discussion on the matched filter relevant to the pi/4-QPSK modulation in both UE and BS:

Due to the usage of pi/4-QPSK modulation, there is the need for TX pulse shaping filtering to be able to fulfil the emissions requirements. This filter is a part of matched filters (root raised-cosine filter) in both UE and BS. One-half of the raised-cosine filtering is done at the transmitter side (UE), and the other half of the filtering needs to be provided on the receiver side (BS). If both, RX and TX, use root raised cosine filters, the overall filtering function is a raised cosine filter that doesn’t have Inter Symbol Interference (ISI) and therefore the best performance for the whole signal chain. Therefore the root raised cosine filter needs to be specified for the UE TX and the BS RX to get the best performance. RAN4 should raise this issue to RAN1, and request RAN1 to specify matched filters in both UE and BS, as this is not an implementation issue but a system performance issue.
3
Simulation results
[Simulations for 3-tone and 6-tone are still ongoing…]
Simulation result for 3 tones:
	Tones allocation
	1-3
	4-6
	7-9
	10-12

	MPR in dB (PC3)
	
	
	
	

	MPR in dB (PC5)
	
	
	
	


Simulation result for 6 tones:

	Tones allocation
	1-6
	7-12

	MPR in dB (PC3)
	
	

	MPR in dB (PC5)
	
	


Simulation result for 12 tones:
	Tones allocation
	1-12

	MPR in dB (PC3)
	2

	MPR in dB (PC5)
	2


4
Conclusion
This contribution provides simulation results of NB-IoT UE MPR for both PC3 and PC5, and proposes the following.

Proposal: The root raised cosine filter needs to be specified for the UE TX and the BS RX to get the best performance. RAN4 should raise this issue to RAN1, and request RAN1 to specify matched filters in both UE and BS, as this is not an implementation issue but a system performance issue.
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