
TSG-RAN Working Group 4 (Radio) meeting #78bis
R4-162264
San Jose del Cabo, Mexico 11 - 15 Apr 2016  
Source: 
Nokia
Title: 




NB-IoT ACLR Study
Agenda Item: 


6.13.3
Document for:
Approval
1
Introduction
NB-IoT co-exitence study for standalone scenario was completed in RAN4#78[1]. With a preliminary conclusion that NB-IoT can coexist with GSM, UMTS and LTE. In this contribution we take the ACLR values which guarantee good co-existance between NB-IoT and other system from [1] and discuss how the actual NB-IoT ACLR requirement could be derived.
2
Discussion

2.1
Background
From [1] following ACLR results can be found
GSM:
UE: 
ACLR:
20 dB



With ACLR=20, outage degradation in [3.4 - 0.8] %
UMTS:
UE: 
ACLR: >50 dB


LTE:
UE: 
ACLR: 35-45 dB
With ACLR=40, loss in [11.3 – 2.2] %
From [2] can find guidance how these values can be converted to victim system bandwidths and a requirement can be defiend,

· Definition and assumption
· NB-IoT ACLR and ACS are defined for its own bandwidth size
· Attenuations are flat in the adjacent 10 MHz
· ACLR and ACS are the inputs to the simulations
· ACLR_e is the effective ACLR in the interference calculation
· Interference from NB-IoT to LTE
· ACLR_e = ACLR – 10*log10((9MHz/(# of LTE users))/180kHz) [pessimistic assumption]
· The effective ACLR (ACLR_e) and effective ACS (ACS_e) shall be applied in the coexistence simulation for the calculation of victim system interference
Based on the results from [1] and using formula from [2] assuming one LTE user we can come up with a Table 1 below showing the required ACLRe values for good co-existance.

Table 1: ACLRe values

	Agressor
	Victim
	Required
ACLR
	Victim BW
	Required
ACLRe
1 LTE user

	NB-IoT
	GSM
	20 dB
	180 kHz
	20 dB

	
	
	
	
	

	
	UTRA
	50 dB
	3.84 MHz
	37 dB

	
	
	
	
	

	
	E-UTRA
	40 dB
	4.5 MHz
	26 dB

	
	
	
	
	

	
	
	
	9 MHz
	23 dB

	
	
	
	
	

	
	
	
	13.5 MHz
	21 dB

	
	
	
	
	

	
	
	
	18 MHz
	20 dB

	
	
	
	
	


2.2
Simulations
To create meaning full ACLR requirement we need to consider also offsets and bandwidths for which the ACLR requirements are defined see Figures 1-3.
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Figure 1: GSM ACLR requirement offsets and bandwidths
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Figure 2: UTRA ACLR requirement offsets and bandwidths
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Figure 3: E-UTRA ACLR requirement offsets and bandwidths
Possible NB-IoT ACLR requirement candidates are listed in Table 2 below.
Table 2: Candidate NB-IoT ACLR requirements

	Requirement:
	Foffset
	Measurement filter
	Measurement bandwidth

	GSM1
	100 kHz
	Rectangular
	180 kHz

	GSM2
	150 kHz
	Rectangular
	180 kHz

	GSM3
	300 kHz
	Rectangular
	180 kHz

	UTRA1
	2.5 MHz
	RRC-filter α=0.22
	3.84 MHz

	5 MHz E-UTRA1
	2.5 MHz
	Rectangular
	4.5 MHz

	10 MHz E-UTRA2
	5 MHz
	Rectangular
	9.0 MHz


Next we present MPR study results against possible NB-IoT ACLR requirements listed in Table 2 for GSM protection and Table 3 for UTRA and E-UTRA protection.
Table 3: MPR to meet ACLR requirement for GSM protection
	pi/2-BPSK
	
	
	
	
	
	
	
	
	

	 
	 
	GSM1
	GSM2
	GSM3

	Tone
	#
	HS
	LTE
	CMOS
	HS
	LTE
	CMOS
	HS
	LTE
	CMOS

	spacing
	tones
	PA
	PA
	PA
	PA
	PA
	PA
	PA
	PA
	PA

	3.75
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	15
	1
	*
	*
	*
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	
	

	pi/4-QPSK
	
	
	
	
	
	
	
	
	

	 
	 
	GSM1
	GSM1.5
	GSM2

	Tone
	#
	HS
	LTE
	CMOS
	HS
	LTE
	CMOS
	HS
	LTE
	CMOS

	spacing
	tones
	PA
	PA
	PA
	PA
	PA
	PA
	PA
	PA
	PA

	3.75
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	15
	1
	*
	*
	*
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	
	

	QPSK
	
	
	
	
	
	
	
	
	
	

	 
	 
	GSM1
	GSM1.5
	GSM2

	Tone
	#
	HS
	LTE
	CMOS
	HS
	LTE
	CMOS
	HS
	LTE
	CMOS

	spacing
	tones
	PA
	PA
	PA
	PA
	PA
	PA
	PA
	PA
	PA

	15
	3
	0
	0
	0
	0
	0
	0
	0
	0
	0

	15
	6
	0
	0
	0
	0
	0
	0
	0
	0
	0

	15
	12
	0
	0
	*
	0
	0
	0
	0
	0
	0






* Limited by filter selectivity, cannot be improved by increasing MPR.
Table 4: MPR to meet ACLR requirement for UTRA and E-UTRA protection
	pi/2-BPSK
	
	
	
	
	
	
	
	
	
	

	 
	 
	UTRA1
	5 MHz E-UTRA1
	10 MHz E-UTRA1

	Tone
	#
	HS
	LTE
	CMOS
	HS
	LTE
	CMOS
	HS
	LTE
	CMOS

	spacing
	tones
	PA
	PA
	PA
	PA
	PA
	PA
	PA
	PA
	PA

	3.75
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	15
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	
	

	pi/4-QPSK
	
	
	
	
	
	
	
	
	
	

	 
	 
	UTRA1
	5 MHz E-UTRA1
	10 MHz E-UTRA1

	Tone
	#
	HS
	LTE
	CMOS
	HS
	LTE
	CMOS
	HS
	LTE
	CMOS

	spacing
	tones
	PA
	PA
	PA
	PA
	PA
	PA
	PA
	PA
	PA

	3.75
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	15
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	
	

	QPSK
	
	
	
	
	
	
	
	
	
	

	 
	 
	UTRA1
	5 MHz E-UTRA1
	10 MHz E-UTRA1

	Tone
	#
	HS
	LTE
	CMOS
	HS
	LTE
	CMOS
	HS
	LTE
	CMOS

	spacing
	tones
	PA
	PA
	PA
	PA
	PA
	PA
	PA
	PA
	PA

	15
	3
	0
	0
	0
	0
	0
	0
	0
	0
	0

	15
	6
	0
	0
	0
	0
	0
	0
	0
	0
	0

	15
	12
	0
	0
	0
	0
	0
	0
	0
	0
	0







* Limited by filter selectivity, cannot be improved by increasing MPR.
Almost all MPRs are zero-valued. As an exception, 15 kHz tone spacing with single-tone allocation at channel edge results in insufficient GSM1 ACLR. The same occurs with full allocation on one of our PA models. This is due to insufficient filter selectivity, and cannot be improved by MPR. On the other hand, improving the filtering may compromise the PAPR and EVM.

2.3 
Requirement setting
It is proposed that there will be a 100 kHz guard band between NB-IoT and GSM carriers as this was assumption in co-existense simulations, see Table 6.2-1 in TR 36.802. Furthermore if GSM carrier is at the edge in MSR BS block then extra 100 kHz offset is added before MSR BS emission requirement starts thus no performance is guaranteed from 3GPP requirements within this 100 kHz. Based on our simulations it also seen that it might not feasible to build a UE that would satisfy necessary ACLR requirement with out 100 kHz guard band.
It is also proposed to define UTRA ALCR requirement for the first adjacent channel.

Based on standalone co-ex simulations it might not be necessary to define E-UTRA ACLR requirement if UTRA ACLR requirement is defined as UTRA requirement is more stringent. However in-band and guard-band co-ex simulations may indicate that E-UTRA ALCR requirement is necessary and the requirement values comes from there.

It is proposed to define NB-IoT GSM and UTRA ACLR requirements as defined below. E-UTRA ALCR requirement is FFS.
Proposal for NB-IoT GSM and UTRA ACLR.
	Victim system
	GSM
	UTRA

	ACLR
	20 dB
	37 dB

	Adjacent channel
measurement bandwidth
	180 kHz
	3.84 MHz

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


3 
Summary

In this contribution we have presented MPR simulation results against NB-IoT ACLR requirements that are based on NB-IoT stand-alone co-ex simulations. We have also made proposal for ACLR requirement for GSM and UTRA protection.
Proposal for NB-IoT GSM and UTRA ACLR.
	Victim system
	GSM
	UTRA

	ACLR
	20 dB
	37 dB

	Adjacent channel
measurement bandwidth
	180 kHz
	3.84 MHz

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


Actual ACLR results are in appendiex.
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Appendix: ACLR results

	pi/2-BPSK
	GSM1
	GSM1.5
	GSM2

	Tone
spacing
	#
tones
	HS PA
	LTE PA
	CMOS PA
	HS PA
	LTE PA
	CMOS PA
	HS PA
	LTE PA
	CMOS PA

	3.75
	1
	20.7
	20.7
	20.7
	54.4
	52.3
	45.7
	71.5
	70.7
	60.4

	15
	1
	19.0
	19.2
	18.4
	48.1
	46.8
	38.3
	64.6
	53.9
	50.3

	
	
	
	
	
	
	
	
	
	
	

	pi/2-BPSK
	UTRA1
	5 MHz E-UTRA1
	10 MHz E-UTRA1

	Tone
spacing
	#
tones
	HS PA
	LTE PA
	CMOS PA
	HS PA
	LTE PA
	CMOS PA
	HS PA
	LTE PA
	CMOS PA

	3.75
	1
	78.5
	80.2
	73.9
	72.3
	71.8
	66.2
	81.2
	83.9
	79.8

	15
	1
	72.0
	63.6
	58.0
	66.1
	54.2
	50.1
	74.4
	69.1
	62.9

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	pi/4-QPSK
	GSM1
	GSM1.5
	GSM2

	Tone
spacing
	#
tones
	HS PA
	LTE PA
	CMOS PA
	HS PA
	LTE PA
	CMOS PA
	HS PA
	LTE PA
	CMOS PA

	3.75
	1
	20.6
	20.9
	20.5
	54.5
	52.1
	44.9
	74.4
	63.1
	57.7

	15
	1
	19.2
	19.3
	18.9
	49.4
	46.9
	39.2
	62.9
	57.3
	54.2

	
	
	
	
	
	
	
	
	
	
	

	pi/4-QPSK
	UTRA1
	5 MHz E-UTRA1
	10 MHz E-UTRA1

	Tone
spacing
	#
tones
	HS PA
	LTE PA
	CMOS PA
	HS PA
	LTE PA
	CMOS PA
	HS PA
	LTE PA
	CMOS PA

	3.75
	1
	79.9
	73.9
	68.7
	74.2
	64.1
	60.1
	82.0
	80.4
	76.5

	15
	1
	71.1
	68.1
	63.7
	64.4
	58.2
	55.5
	73.8
	75.2
	71.8

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	QPSK
	GSM1
	GSM1.5
	GSM2

	Tone
spacing
	#
tones
	HS PA
	LTE PA
	CMOS PA
	HS PA
	LTE PA
	CMOS PA
	HS PA
	LTE PA
	CMOS PA

	15
	3
	20.3
	21.3
	20.0
	45.3
	47.5
	38.2
	53.0
	57.7
	52.0

	15
	6
	21.9
	23.3
	20.9
	39.9
	45.3
	38.1
	47.1
	55.5
	49.4

	15
	12
	20.0
	21.7
	18.9
	32.9
	37.9
	30.7
	40.3
	45.7
	41.1

	
	
	
	
	
	
	
	
	
	
	

	QPSK
	UTRA1
	5 MHz E-UTRA1
	10 MHz E-UTRA1

	Tone
spacing
	#
tones
	HS PA
	LTE PA
	CMOS PA
	HS PA
	LTE PA
	CMOS PA
	HS PA
	LTE PA
	CMOS PA

	15
	3
	60.8
	67.5
	61.8
	53.9
	58.1
	54.2
	62.2
	73.3
	67.1

	15
	6
	54.8
	66.4
	59.7
	48.1
	57.3
	51.7
	56.0
	72.6
	64.5

	15
	12
	47.7
	56.5
	50.3
	41.0
	46.9
	42.0
	48.7
	65.2
	54.5
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