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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. This contribution is the way forward for NB-IoT ACLR requirement.
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
ACLR requriement
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: Candidate GSM ACLR requirement offsets and bandwidths
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Figure 2: Candidate UTRA ACLR requirement offsets and bandwidths
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Figure 3: Candidate E-UTRA ACLR requirement offsets and bandwidths
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


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 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 is not necessary to define E-UTRA ACLR requirement as UTRA ACLR requirement is more stringent and guarantees good co-existance with E-UTRA also. In consequence, although E-UTRA requirement is not proposed to be defined, UTRA ACLR requirement is meant to cover both the protection of UTRA and E-UTRA and specifications need to reflect this decision.
It was agreed in RAN4#78bis to define NB-IoT GSM and UTRA ACLR requirements as defined Table 3 below

Table 3: Agreement for NB-IoT ACLR requriements.
	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


3 
Way forward for NB-IoT ACLR
In RAN4 #78bis NB-IoT ACLR was discussed and following way forward was agreed.
Way forward for 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


Note that in consequence, although E-UTRA requirement is not proposed to be defined, UTRA ACLR requirement is meant to cover both the protection of UTRA and E-UTRA and specifications need to reflect this decision.
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**************************** TP to TR 36.802 v0.2.0 *****************************************

8.1
Transmitter characteristics
**************************** Unchanged section *****************************************
8.1.5
NB-IoT UE ACLR

NB-IoT UE ACLR requirement was discussed in RAN4#78bis based on the co-existance simulations done in RAN4. It was agreed to define a ACLR requirement to protect GSM systems and that 100 kHz guard band between NB-IoT and GSM will be defined for ACLR requirement as this was the assumption in co-existense simulations, see Table 6.2-1 in TR 36.802. 
It was also agreed to define ALCR requirement for the first adjacent UTRA channel to protect UTRA systems.

Based on standalone co-ex simulations it was agreed not to define E-UTRA ACLR requirement as UTRA ACLR requirement is more stringent and guarantees protection for E-UTRA systems. In consequence, although E-UTRA requirement is not proposed to be defined, UTRA ACLR requirement is meant to cover both the protection of UTRA and E-UTRA and specifications need to reflect this decision.
It was agreed in RAN4#78bis to define NB-IoT GSM and UTRA ACLR requirements as defined Table 8.1.5-1 below

Table 8.1.5-1: Agreement for NB-IoT ACLR requriements.
	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


**************************** End of the TP *****************************************
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