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1 Introduction
In RAN plenary #69 a new work item was approved for the support of massive number of devices in narrow bandwidth [1]. According to the work item description, the objective is to specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimised) network architecture.

In the downlink there are two options based on OFDMA with two different numerology

· 15 kHz sub-carrier spacing (with normal or extended CP) 

· 3.75 kHz sub-carrier spacing
In the uplink there are two options:
· FDMA with GMSK modulation (as described in 3GPP TR 45.820 section 7.3)

· SC-FDMA (including single-tone transmission as a special case of SC-FDMA) 

According to the work item description, technical analysis should be performed to either select one of the above or include both of the solutions.

In this contribution we present coexistence results in between NB-IoT (15kHz subcarrier spacing DL, SC-FDMA UL) and other legacy victim systems for in band and guard band scenarios.
2 Simulation results
Based on the proposed methodology described in [3], coexistence study results for in-band and guard-band operations are further detailed in following sections.
2.1 Downlink

When considering 15 Khz subcarrier spacing for NB-IoT in downlink, orthogonality with LTE is kept. While maintaining the same power than for any LTE PRB, NB-IoT signal will behave as any other LTE PRB, without generating any other interference. This is valid while NB-IoT is operating in-band or guard-band LTE.

No additional simulation is so needed for NB-IoT using 15 kHz subcarrier spacing in downlink. 
Of course, if NB-IoT signal is boosted comparing to the other LTE PRBs, this would require further analysis, but this is not in the scope of this coexistence investigation. Nevertheless, this is covered in our other contributions [4] and [5].
2.2 Uplink

2.2.1 Aggressor: NB-IoT, Victim: LTE

2.2.1.1 In-band operation
The leakage generated by SC-FDMA NB-IoT on the three first adjacent LTE PRBs is reported in following Table 1 extracted from [3]:
	LTE PRB
	Leakage (dB)

	1st adjacent
	-20.0

	1st adjacent + 10 kHz guard band (*)
	-28.0 (*)

	2nd adjacent
	-36.6

	3rd adjacent
	-40.5


Table 1: NB-IoT SC-FDMA leakage  on adjacent LTE PRBs
(*): This leakage value has been calculated according the method described in [3], and considering a guard and of 10 kHz in between the 1st adjacent PRB and  NB-IoT SC-FDMA signal as illustrated in following Figure 1
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Figure 1: LTE PRB 31 punctured and replaced with NB-IoT SC-FDMA 10 kHz guard band
Following Figure 2 gives SINR for each adjacent LTE PRB. It can be noted that the 1st adjacent PRB, without 10 kHz guard band with NB-IoT, is impacted, especially at cell edge. But with a 10 kHz guard band, as we are proposing, this becomes almost negligible. 
Note that, even without any 10 kHz guard band, it’s still possible to use that 1st adjacent PRB, especially when the UE is close to the base station.
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Figure 2: In-band operation: LTE PRBs SINR
2.2.1.2 Guard-band operation

For guard-band operation, the NB-IoT signal will leak in LTE PRB in one direction only, but that doesn’t impact results given in previous section 2.2.1.1 
The conclusions given in 2.2.1.1 are also valid for guard band.
2.2.2 Aggressor: LTE, Victim: NB-IoT

2.2.2.1 In-band operation

When LTE is aggressor, from [3], there will be a leakage of -15.1 dB averaged on the NB-IoT SC-FDMA signal.

As mentioned in section 2.2.1, we are also proposing adding a guard band of 10 kHz in between last LTE PRB and NB-IoT, not using four subcarriers of the NB-IoT, see Figure 1. Reusing the method described in [3], we can determine the new LTE leakage value. 

Following Table 2 summarized LTE leakage for the 2 described options:

	NB IoT
	Leakage (dB)

	No guard band
	-15.1

	10 kHz guard band
	-16.9


Table 2: LTE leakage on NB-IoT when in-band operation
Following Figure 3 gives LTE SINR for the 2 considered alternatives. It can be noted there is very little impact, NB-IoT SC-FDMA interfering very little on LTE. Even at cell edge, the impact is 0.6dB if no guard band, and 0.4 dB with 10 kHz guard band.
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Figure 3: In-band operation: NB-IoT SC-FDMA SINR
2.2.2.2 Guard-band operation
Similar to what is described in 2.2.2.1, when NB-IoT is in LTE guard band, there is 2 alternatives: without any guard band or with a 10 kHz guard band.
Note that we only investigate those 2 options: increasing the 10 kHz guard by any value would just decreased leakage impact and so improved following results.

Following Table 3 summarized LTE leakage for the 2 described options:

	NB IoT in LTE guard band 
	Leakage (dB)

	No guard band, NB-IoT close to last LTE PRB.
	-16.7

	10 kHz guard band in between last LTE PRB and NB-IoT
	-18.0


Table 3: LTE leakage on NB-IoT when guard-band operation
Following Figure 4 gives LTE SINR for the 2 considered alternatives. It can be noted there is very little impact, NB-IoT SC-FDMA is interfering very little on LTE. At cell edge, the impact is 0.5 dB if no guard band, and 0.3 dB with 10 kHz guard band.
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Figure 4: Guard-band operation: NB-IoT SC-FDMA SINR
3 Conclusion
In this contribution we presented coexistence results between LTE and NB-IoT, 15 kHz subcarrier spacing in downlink and SC-FDMA in uplink, this for in-band and guard-band operations. It was observed the interferences in between both systems are very small, both co-exist well for in-band and guard-band operations.
4 References

[1] RP-151621, “New Work Item: NarrowBand IOT (NB-IOT)”

[2] R4-156256, “Scenarios and simulation assumptions for NB-IoT co-existence study”
[3] R4-157646, “Methodology, scenarios and assumptions for in-band and guard band operations”, Ericsson
[4] R4-157672, “guard-band power boosting”, Ericsson

[5] R4-157671. “in-band power boosting”, Ericsson

