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1 Introduction
In RAN plenary #69 the new work item Narrowband IoT was approved for the support of massive number of devices in narrow bandwidth. This WI has been revised during last RAN#70 [1]. According to the work item description, the objective is to specify a radio access for cellular internet of things. NB-IOT supports different operation modes including stand-alone operation, in-band operation and guard-band operation. 

During last RAN4#77 meeting, most of the simulation assumptions have been agreed [2] and two way forward [3] and [4] have been agreed related to NB-IoT coexistence study. 
This contribution investigates coexistence in between NB-IoT standalone and other RATs in downlink direction.
It is assumed that the NB-IoT is in the adjacent channel to the legacy systems, and the leakage is modeled as a simple ACLR level.

This contributions is an updated of our previous Ad Hoc contribution .
2 NB-IoT performance impact evaluation

In this contribution NB-IoT performance impact has been evaluated by evaluating NB-IoT outage methodology (already used in [7]).

NB-IoT has been designed to provide extended coverage (+20 dB). According to link budget (ref toTable 1), this would require -4.6 dB SINR (or -1.6 dB for LTE with 46 dBm BS). One option to evaluate NB-IoT system is then to determine how many UEs would comply or not with this target. By comparing those values when NB-IoT system is running with or without interferences, we can evaluate NB-IoT system performance degradation. 
	Transmitter
	

	(1) Tx power (dBm)
	43 (46)

	Receiver
	

	(2) Thermal noise density (dBm/Hz)
	-174

	(3) Receiver noise figure (dB)
	5

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (kHz)
	180

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5)) (dBm)
	-116.4

	(7) Required SINR (dB)
	-4.6 (-1.6)

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-121

	(9) MCL = (1) ((8)  (dB)
	164


Table 1: MCL calculation for Downlink
This outage is not the unique criteria to do such performance evaluation, others are FFS.

3 Simulation results for NB-IoT with GSM – 900 MHz
Figure 1 and Figure 2 show simulation results for NB-IoT interference into the 4/12 GSM DL. No power control is applied for GSM and NB-IoT DL.

3.1 Aggressor: NB-IoT – Victim: GSM
Figure 1 gives the corresponding GSM outage impacts.
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Figure 1: GSM performance degradation due to interference from NB-IoT Downlink
	ACLR[dB]
	40
	45
	50
	55
	60

	Outage increase [% ]
	2.9
	1.4
	0.8
	0.3
	0.1


Table 2: GSM outage degradation
Outage at 45 dB ACLR is 1.4 only. The interference from NB-IoT to legacy GSM is anyway minimal.
3.2 Aggressor: GSM – Victim: NB-IoT

[image: image2.emf]
Figure 2: NB-IoT performance degradation due to interference from GSM Downlink
	NB-LTE ACS [dB]
	20
	25
	30
	35
	40

	Outage increase [% ]
	9.9
	6.2
	4.5
	3.1
	2.6


Table 3: NB-IoT outage
	%-percentile
	5%
	50%
	95%
	99%

	SINR loss (dB) - ACS 20dB
	6.3
	1.3
	0.2
	0.1

	SINR loss (dB) – ACS 25dB
	3.4
	0.8
	0.2
	0.1

	SINR loss (dB) – ACS 30dB
	2
	0.5
	0.1
	0.0

	SINR loss (dB) – ACS 35dB
	1.3
	0.4
	0.1
	0.0

	SINR loss (dB) – ACS 40dB
	1
	0.3
	0.1
	0.0


Table 4: SINR %-ile values depending on UE ACS values

From 30 dB ACS, impact is low (less than 5%) and very low from 35 dB ACS.
4 Simulation results for NB-IoT with UMTS – 900 MHz

In following two subsections, we evaluate UMTS and NB-IoT coexistence. 

4.1 Aggressor: NB-IoT – Victim: UMTS
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Figure 3: UMTS performance degradation due to interference from NB-IoT Downlink - 900 MHz
	NB-LTE ACLR [dB]
	45
	50
	55
	60

	Capacity degradation [% ]
	3.27
	1.47
	0.71
	0.19


Table 5: UMTS capacity degradation
UMTS performance degradation is already very low with 45 dB NB-IoT ACLR.

4.2 Aggressor: UMTS – Victim: NB-IoT
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Figure 4: NB-IoT performance degradation due to interference from UMTS Downlink - 900 MHz
	NB-LTE ACS [dB]
	20
	25
	30
	35
	40

	Outage [% ]
	9.5
	6.3
	4.0
	2.3
	1.4


Table 6: NB-IoT outage
	%-percentile
	5%
	50%
	95%
	99%

	SINR loss (dB)  – ACS 20dB
	3.0
	1.1
	0.7
	0.1

	SINR loss (dB) – ACS 25dB
	2.4
	0.8
	0.5
	0.1

	SINR loss (dB) – ACS 30dB
	1.6
	0.5
	0.5
	0.1

	SINR loss (dB) – ACS 35dB
	1.3
	0.4
	0.5
	0.0

	SINR loss (dB) – ACS 40dB
	1.0
	0.3
	0.5
	0.0


Table 7: SINR %-ile values depending on UE ACS values

It can be observed that with 30 dB ACS, impact from UMTS interferences is low; outage increase is less than 5% then, SINR values remain in a range of 0.6 dB.
5 Simulation results for NB-IoT with LTE – 900 MHz

In following two subsections, we evaluate LTE and NB-IoT coexistence in the 900MHz bands.
5.1 Aggressor: NB-IoT – Victim: LTE
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Figure 5: LTE performance degradation due to interference from NB-IoT Downlink - 900 MHz
	ACLR
	40
	45
	50
	55

	5%-ile throughput loss (%)
	26.26
	6
	2.78
	1.52

	Average throughput loss (%)
	8.15
	4.17
	2.78
	1.39


Table 8: Throughput degradation

From 45-50dB ACLR, throughput impact at 5% and average is ~5% or less.

5.2 Aggressor: LTE – Victim: NB-IoT
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Figure 6: NB-IoT performance degradation due interference from LTE DL-900 MHz-LTE BS ACLR 45 dB
	NB-LTE ACS [dB]
	20
	25
	30
	35
	40

	Outage [% ]
	9.2
	5.5
	3.5
	1.9
	1.1


Table 9: NB-IoT outage
	%-percentile
	5%
	50%
	95%
	99%

	SINR loss (dB)  – ACS 20dB
	6.3
	1.4
	0.3
	0.1

	SINR loss (dB) – ACS 25dB
	2.8
	0.8
	0.2
	0.1

	SINR loss (dB) – ACS 30dB
	1.4
	0.6
	0.1
	0.0

	SINR loss (dB) – ACS 35dB
	0.7
	0.3
	0.0
	0.0

	SINR loss (dB) – ACS 40dB
	0.3
	0.2
	0.0
	0.0


Table 10: SINR %-ile values depending on UE ACS values

It can be seen that, with an ACS greater than 30 dB, all SINR curves are close and the interference from LTE on NB-IoT is very small; outage is less than 5%, SINR values remain in a range of 0.6dB. 
With 30 dB ACS or more, impact is not that visible anymore, with an outage impact of 2% or less.
6 Simulation results for NB-IoT with LTE – 2 GHz

When studying coexistence in 2 GHz band, the path loss formula has to be changed according to [6]. ISD is also changed to 500m.

The new path loss formula is:

Path Loss: -128.1 + 37.6 * log10(R);
Comparing to 5, there is no major difference in the outcomes. As path loss formula has changed, BS needs more power to transmit to an UE located at the same distance. But, in the meantime, as ISD has also decreased, both effects are compensating and we finally get very similar geometry with both cases. 
Similar conclusions can be taken for 900Mhz and 2GHz.
6.1 Aggressor: NB-IoT – Victim: LTE
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Figure 7: LTE performance degradation due to interference from NB-IoT Downlink - 2 GHz
	ACLR
	40
	45
	50
	55

	5%-ile throughput loss (%)
	25.2
	6
	3.56
	1.82

	Average throughput loss (%)
	8.32
	4.16
	2.77
	1.39


Table 11: Throughput degradation

From 45-50dB ACLR, throughput impact at 5% and average is ~5% or less.

6.2 Aggressor: LTE – Victim: NB-IoT
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Figure 8: NB-IoT performance degradation due to interference from LTE Downlink - 2 GHz
	NB-LTE ACS [dB]
	20
	25
	30
	35
	40

	Outage [% ]
	8.5
	5.2
	3.2
	2.0
	1.1


Table 12: NB-IoT outage
	%-percentile
	5%
	50%
	95%
	99%

	SINR loss (dB) – ACS 20dB
	4.7
	1.1
	0.2
	0.1

	SINR loss (dB) – ACS 25dB
	2.3
	0.6
	0.2
	0.0

	SINR loss (dB) – ACS 30dB
	1.2
	0.3
	0.1
	0.0

	SINR loss (dB) – ACS 35dB
	0.6
	0.2
	0.1
	0.0

	SINR loss (dB) – ACS 40dB
	0.3
	0.0
	0.0
	0.0


Table 13: SINR %-ile values depending on UE ACS values

It can be seen that, with an ACS greater than 30 dB, all SINR curves are close and the interference from LTE on NB-IoT is very small; outage is less than 5%. SINR values remain in a range of 0.6dB.
7 Way forward
As mentioned in step2 of [3], we still need to compare NB-IoT/LTE results with those when computing NB-IoT ACLR and ACS using GSM mask.

TS 45.005 specifies the GSM mask. It’s relative to the signal power and has following shape (Figure 9: GSM mask).
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Figure 9: GSM mask
TS 37.104 specifies the GSM “MSR mask like” (note that this mask is specified when associated with another RAT carrier, it would require further clarifications when used for NB-IoT) has following absolute shape (Figure 10). 
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Figure 10: “GSM MSR mask”
From those masks, considering NB-IoT adjacent to LTE, we can compute the following ACLR values (Table 14) per nth adjacent “200 kHz blocks”, each 200 kHz blocks would then correspond to the Nth ACLR.
	ACLR equivalent (dB)
	1st  adj. 200 kHz
	2nd  adj. 200 kHz
	3rd  adj. 200 kHz
	4th  adj. 200 kHz
	5th adj. 200 kHz
	6th adj. 200 kHz
	7th  adj. 200 kHz
	8th  adj. 200 kHz
	9th  adj. 200 kHz

	GSM mask
	11.3
	51.5
	65.7
	67.5
	68.5
	69.6
	71.8
	74.3
	76.4

	GSM mask +
100 kHz offset
	36.7
	63.2
	67.0
	68.0
	69.0
	70.7
	73.1
	75.5
	76.9

	GSM MSR mask
	48.4
	50.1
	50.8
	51.6
	52.4
	53.1
	53.9
	54.6
	55.4


Table 14: ACLR per 200kHz bands corresponding to GSM mask
Using those ACLR values, we can now run Monte-Carlo simulations to evaluate impacts.
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Figure 11: LTE performance degradation due to interference from NB-IoT Downlink - 900 MHz 

It’s difficult to see on this figure but the “GSM mask + 100 kHz offset” and the “GSM MSR like mask” curves are almost overlapping with the “BS ACLR 60dB” and “No Interference” ones.

When NB-IoT uses GSM mask, without any additional offset, it would interfere significantly on LTE. This makes sense for uncoordinated systems. Moreover, by looking at GSM mask (Figure 9): with 10 kHz only guard band, NB-IoT will significantly leak in LTE band. While adding a 100 kHz offset, NB-IoT leakage will then be limited. 
For GSM MSR requirements (as further discussed in [9]), leakage is also very limited, no impact on LTE.
8 Conclusion
In this contribution, we presented coexistence results between NB-IoT DL and other legacy systems in 900 MHz and 2 GHz (for LTE).
The interference from NB-IoT to all legacy systems in downlink is minor with realistic UE ACS (~30dB) and BS ACLR (~45dB) values for NB-IoT, and vice-versa; all systems can coexist.
When considering GSM mask for NB-IoT with a100 kHz offset or GSM MSR like mask, NB-IoT then coexists well with LTE. 
When considering GSM MSR requirements, as specified in [9], NB-IoT and LTE coexist perfectly.
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