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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, UTRA and E-UTRA. In this contribution we assume the ACS values which guarantee good co-existance between NB-IoT and other system from [1] and discuss how the actual NB-IoT ACS requirement could be derived.
2
Discussion

2.1 NB-IoT Co-ex ACS results
From [1] following ACS results can be found
GSM:
UE: 
ACS:
30 dB



With ACS= 30, loss in [2-0] dB
UMTS:
UE: 
ACS:
30 dB


With ACS=30, loss in [1.4 – 0] dB
LTE:
UE: 
ACS=35dB
With ACS=35, loss in [1.51 - 0] dB
From [2] can find guidance how these values can be converted to victim system bandwidths and a requirement can be defiend,

· Definition and assumption
· LTE ACLR and ACS are defined for its own bandwidth size
· 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
· ACS_e is the effective ACS in the interference calculation
· Interference from LTE to NB-IoT
· ACS_e = ACS [pessimistic assumption]
Table 1: ACS values

	Victim 
	Agressor
	Required
ACS
	Agressor BW
	Victim BW

	NB-IoT
	GSM
	30 dB
	200 kHz
	200 kHz

	
	UTRA
	30 dB
	5 MHz
	

	
	E-UTRA
	35 dB
	10 MHz
	


2.2 ACS test background
In this clause we recapture how E-UTRA REL-8 ACS requirements were defined [3]
In ACS test the the UE selectivity needs to be such that interferer may not create more noise to wanted signal channel than the thrermal noise creates in REFSENS test otherwise UE will fail the ACS test. In other words ACS value is the minimum attenuation needed in the receiver selectivity filter for UE to pass the ACS test. 
To convert ACS requirement value to interferer power (PInterferer ) we need to know what is the required SNR for wanted signal. 

ACS = PInterferer - Pwanted + SNR
For E-UTRA it was agreed that for the receiver test signal the ideal SNR = -1 dB and 2.5 dB implementation margin is used on top of that. This leads to SNR = +1.5 dB, i.e. the noise floor must be 1.5 dB below the wanted signal. Wanted signal power (Pwanted ) must be such that the thermal noise floor does not affect the test, for E-UTRA it was agreed that wanted signal level is set 14 dB above REFSENS.


[image: image1]
Figure 1: Signals in ACS test.


[image: image2]
Figure 2: SNR in REFSENS test without diversity gain.

2.3 Potential ACS test cases

Based on the background information presented in previous chapter and ACS values from NB-IoT stand-alone co-ex simulations we can derive potential ACS test cases for NB-IoT.

For GSM ACS case we have assumed 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.

For E-UTRA ACS case it might be beneficial to adopt 5 MHz interferer instad of the 10 MHz interferer used in Co-ex simulations. This is due to the fact that currect E-UTRA test cases are based on 5 MHz carriers and this could give some benefits for test system development. Also in our other contribution for NB-IoT in-band blocking [1] we have proposed to place the IIB case 1 interferer to 7.5 MHz offset from NB-IoT channel edge if ACS test uses 10 MHz carrier then IIB1 interferer would overlap ACS interferer.
UTRA ACS requirement is not needed as E-UTRA ACS requirement is more stringent with similar aggressor bandwidth. Therefore we proposed not to define UTRA ACS requirement to recude the testing burden.
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Figure 3: NB-IoB ACS test cases for GSM and E-UTRA

ACS test needs to be performed on two different power levels to fully test the dynamic behaviour of the receiver. ACS case 1 (Figure 3) is low/medium received power level test and ACS 2 test is for high received input power test

Possible parameters for GSM and E-UTRA ACS requirements are presented in Table 2.

Table 2: NB-IoT ACS requirement parameters

	ACS1 test Parameters

	Interferer
	GSM
	E-UTRA

	NB-IoT signal power

(Pwanted  ) / dBm
	REFSENS + 14 dB

	interferer signal power 

(PInterferer ) / dBm 
	REFSENS + 44 dB – SNR
	REFSENS + 49 dB – SNR

	Interferer bandwidth
	200 kHz
	5 MHz

	Interferer offset from NB-IoT chanel edge
	±200 kHz
	±2.5 MHz

	ACS2 test Parameters

	Interferer
	GSM
	E-UTRA

	NB-IoT signal power

(Pwanted  ) / dBm
	-25 dBm -30 dB + SNR
	-25 dBm -35 dB + SNR

	interferer signal power 

(PInterferer ) / dBm 
	-25 dBm

	Interferer bandwidth
	200 kHz
	5 MHz

	Interferer offset from NB-IoT chanel edge
	±200 kHz
	±2.5 MHz


Once the guardband co-ex simulations are completed we can asses if the E-UTRA ACS case needs some modifications for offsets and/or levels.

3 
Summary

In this contribution we have made a proposal how NB-IoT ACS requirement should be specified.
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***************** Start of the TP to TR 36.802 ************************************************

8.2
Receiver characteristics
8.2.1
Agreements from NB-IoT Ad-Hoc

· Receiver spurious emissions: reuse the existing requirements
8.2.2 Maximum input level

The maximum basestation output power for NB-IOT is same than what is defined for E-UTRA. Also the E-UTRA minimum coupling loss between UE and basestation as defined in TR36.942 i.e 70 dB will be re-used for NB-IOT. Therefore the maximum input level at NB-IoT UE input can be specifid to be the same as for E-UTRA i.e. – 25 dBm.
8.2.3 ACS
8.2.3.1 Outcome of NB-IoT standalone co-ex simulations
NB-IoT Stand-alone co-existance simulation campaing concluded the work with ACS results presented in Table 8.2.3.1-1
Table 8.2.3.1-1: ACS values

	Victim 
	Agressor
	Required
ACS
	Agressor BW
	Victim BW

	NB-IoT
	GSM
	30 dB
	200 kHz
	200 kHz

	
	UTRA
	30 dB
	5 MHz
	

	
	E-UTRA
	35 dB
	10 MHz
	


8.2.3.2 ACS test background
In this clause we recapture how E-UTRA REL-8 ACS requirements were defined.
In ACS test the the UE selectivity needs to be such that interferer may not create more noise to wanted signal channel than the thrermal noise creates in REFSENS test otherwise UE will fail the ACS test. In other words ACS value is the minimum attenuation needed in the receiver selectivity filter for UE to pass the ACS test. 

To convert ACS requirement value to interferer power (PInterferer ) we need to know what is the required SNR for wanted signal. 

ACS = PInterferer - Pwanted + SNR
For E-UTRA it was agreed that for the receiver test signal the ideal SNR = -1 dB and 2.5 dB implementation margin is used on top of that. This leads to SNR = +1.5 dB, i.e. the noise floor must be 1.5 dB below the wanted signal. Wanted signal power (Pwanted ) must be such that the thermal noise floor does not affect the test, for E-UTRA it was agreed that wanted signal level is set 14 dB above REFSENS.


[image: image4]
Figure 1: Signals in ACS test.


[image: image5]
Figure 2: SNR in REFSENS test without diversity gain.

8.2.3.3 
Potential ACS test cases
Based on the background information presented in previous chapter and ACS values from NB-IoT stand-alone co-ex simulations we can derive potential ACS test cases for NB-IoT, see Figure 8.2.3.3-1.

For GSM ACS case we have assumed 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.
For E-UTRA ACS case it might be beneficial to adopt 5 MHz interferer instad of the 10 MHz interferer used in co-ex simulations. This is due to the fact that currect E-UTRA test cases are based on 5 MHz carriers and this could give some benefits for test system development. 
UTRA ACS requirement may not be needed as E-UTRA ACS requirement is more stringent with similar aggressor bandwidth. Therefore we proposed not to define UTRA ACS requirement to recude the testing burden.
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Figure 8.2.3.3-1: NB-IoB ACS test cases for GSM and E-UTRA
ACS test needs to be performed on two different power levels to fully test the dynamic behaviour of the receiver. ACS case 1 (Figure 8.2.3.3-1) is low/medium received power level test and ACS 2 test is for high received input power test

Possible parameters for GSM and E-UTRA ACS requirements are presented in Table 8.2.3.3-1.

Table 8.2.3.3-1: NB-IoT ACS requirement parameters

	ACS1 test Parameters

	Interferer
	GSM
	E-UTRA

	NB-IoT signal power
(Pwanted  ) / dBm
	REFSENS + 14 dB

	interferer signal power 
(PInterferer ) / dBm 
	REFSENS + 44 dB – SNR
	REFSENS + 49 dB – SNR

	Interferer bandwidth
	200 kHz
	5 MHz

	Interferer offset from NB-IoT channel edge
	±200 kHz
	±2.5 MHz

	ACS2 test Parameters

	Interferer
	GSM
	E-UTRA

	NB-IoT signal power
(Pwanted  ) / dBm
	-25 dBm -30 dB + SNR
	-25 dBm -35 dB + SNR

	interferer signal power 
(PInterferer ) / dBm 
	-25 dBm

	Interferer bandwidth
	200 kHz
	5 MHz

	Interferer offset from NB-IoT chanel edge
	±200 kHz
	±2.5 MHz


***************** End of the TP to TR 36.802 ************************************************
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