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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, 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. NB-IOT supports different operation modes including stand-alone operation, in-band operation and guard-band operation. 
During last RAN4#77 meeting, a way forward [2] has been agreed to evaluate NB-IoT when operating in band and guard band. Based on this way forward, this contribution provides coexistence results related NB-IoT operating in those 2 modes.
2 Simulation results
The way forward [2] describes a methodology based on [3] and [4] to evaluate coexistence of NB-IoT with LTE when NB-IoT is operating in band and guard band. Basically, this methodology consists in 3 steps:

· Step 1: Evaluate leakage NB-IoT -> LTE and LTE -> NB-IoT.

· Step 2: Run Monte-Carlo system simulation to evaluate: 

· SINR distribution on the Nth adjacent LTE PRBs.

· NB-IoT UEs SINR distribution.

· Step 3: Determine LTE and NB-IoT degradation.

2.1 In band

2.1.1 Step 1
As stated in [2], there is no need to investigate downlink as NB-IoT will be using 15 kHz sub carriers spacing, it would mean then investigating coexistence of one LTE PRB with the other adjacent LTE PRBs.

The focus is so on uplink, with single tone and multi tones for 15 kHz, and single tone for 3.75 kHz. 

In this contribution, we only focus on single tone 3.75 kHz.
By looking at LTE and NB-IoT PSD (Figure 1), we can estimate NB-IoT leakage on the adjacent LTE PRBs (Figure 2) and LTE leakage on NB-IoT (Figure 3). 

Note that RAN1 hasn’t considered any filter for their coexistence investigation when in band and guard band, so neither we do in the following.
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Figure 1: PSD - LTE 10 MHz and NB-IoT 3,75 kHz
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Figure 2: NB-IoT leakage on adjacent LTE PRBs
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Figure 3: LTE leakage on adjacent NB-IoT
The leakage generated by SC-FDMA NB-IoT on the 3 first adjacent LTE PRBs is reported in Table 1:

	LTE PRB
	Leakage (dB)

	1st adjacent
	-18.65

	2nd adjacent
	-35.12

	3rd adjacent
	-39.02


Table 1: NB-IoT (3,75 kHz) leakage  on adjacent LTE PRBs

While Table 2 captures LTE leakage on each of the first 24 NB-IoT sub-carriers.
	NB IoT
	
	
	
	
	
	

	Sub-carrier 
	1
	2
	3
	4
	5
	6

	Leakage
	-6.05
	-17.13
	-10.65
	-9.80
	-11.91
	-21.72

	Sub-carrier 
	7
	8
	9
	10
	11
	12

	Leakage
	-13.15
	-12.28
	-13.38
	-21.54
	-14.29
	-13.56

	Sub-carrier 
	13
	14
	15
	16
	17
	18

	Leakage
	-14.85
	-24.11
	-15.67
	-14.30
	-15.86
	-24.77

	Sub-carrier 
	19
	20
	21
	22
	23
	24

	Leakage
	-15.80
	-14.71
	-15.59
	-23.45
	-15.68
	-14.83


Table 2: LTE Leakage per NB-IoT subcarrier
Assuming symmetry, Table 3 gives the LTE leakage on NB-IoT. 
	NB IoT
	Leakage (dB)

	For 180 kHz 
	-13.57


Table 3: LTE leakage on NB-IoT when in-band operation
2.1.2 Step 2 
After evaluating the leakage, the next step consists in running Monte-Carlo simulations to collect SINR distribution (2.1.2.1) on the thee first adjacent LTE PRBs (the other next will have too little leakage to be impacted) and NB-IoT UEs SINR distribution (2.1.2.2).

2.1.2.1 LTE system
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Figure 4: In-band operation: LTE adjacent PRBs SINR
2.1.2.2 NB-IoT system
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Figure 5: In-band operation: NB-IoT SC-FDMA SINR
2.1.3 Step 3
Now that we have SINR distribution, we could try estimating performance degradation for each system.

2.1.3.1 LTE system

To evaluate the performance impact from the SINR distribution, one option is to consider all adjacent and the punctured PRBs are used for data only thanks to strict scheduling. We can then reuse the estimated throughput from the SINR value defined in [5]. Figure 6 shows the throughput impact for each adjacent PRB.
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Figure 6: Throughput impact for each adjacent LTE PRB

From this and considering there are 3 UEs scheduled and 16 PRBs allocated to each UE:
· 2 of the UEs won’t be impacted.

· 1 of the UE, in which 1 RB will be punctured to be replaced with NB-IoT, will:

· Lose 1 PRB.

· Have 2 PRBs 1st adjacent, 2nd adjacent and 3rd adjacent to NB-IoT.

Depending on its location, considering all PRBs are scheduled with same amount of data, same modulation and same characteristics, the impacted UE will have following performance degradation shown in table Table 4.
	
	Punctured PRB
	1st adjacent PRBs
	2nd adjacent PRB
	3rd adjacent PRB
	Overall %

	95%
	100%
	2 * 3.46%
	2 * 0.9%
	2 * 0%
	6.8%

	Average
	100%
	2 * 2.14%
	2 * 0.89%
	2 * 0%
	6.62%

	5%
	100%
	2 * 0,94%
	2 * 0.02%
	2 * 0%
	6.37%


Table 4: LTE UE impact - in band
2.1.3.2 NB-IoT system

There is some impact (~1.5 dB) at 95%, but still both systems coexist quite well. 
Additioanl interpretation of NB-IoT performance impacts are FFS.
2.2 Guard band

2.2.1 Step 1

When in guard band, the NB-IoT leakage on adjacent LTE PRBs will be the same as when in in band. The values in Table 1 shall be reused. 
For LTE leakage on NB-IoT, we get only leakage on one side. Table 5 collects LTE leakage value.

	NB IoT in LTE guard band 
	Leakage (dB)

	No guard band, NB-IoT close to last LTE PRB.
	-14.6


Table 5: LTE leakage on NB-IoT when guard-band operation
2.2.2 Step 2

2.2.2.1 Aggressor: NB-IoT, Victim: LTE

Table 1 shall be reused for this guard band scenario and we will obtain same SINR distribution as Figure 4. 
From this geometry we would again get similar throughput impact as Figure 6.

2.2.2.2 Aggressor: LTE, Victim: NB-IoT

Following Figure 7 gives NB-IoT SINR distribution. It can be noted there is little impact (~1dB) at 95%, LTE is not interfering much on NB-IoT.
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Figure 7: Guard-band operation: NB-IoT SC-FDMA SINR
2.2.3 Step 3

2.2.3.1 LTE system

From the LTE adjacent PRBs SINR distribution (Figure 5), we get similar figure as Figure 6.

However, as for guard band there are only LTE adjacent PRBs in one side, the conclusion on the impact on LTE is slightly different than in 2.1.3.1.

Again, one UE only will be impacted and assuming that UE will have its PRBs adjacent to NB-IoT, and considering all PRBs are scheduled with same amount of data, same modulation and same characteristics, the impacted UE will have the following performance degradation shown in Table 6.
	
	1st adjacent PRBs
	2nd adjacent PRB
	3rd adjacent PRB
	Overall %

	95%
	3.46%
	0.9%
	0%
	0.27%

	Average
	2.14%
	0.89%
	0%
	0.19%

	5%
	0.94%
	0.02%
	0%
	0.06%


Table 6: LTE UE impact - guard band
2.2.3.2 NB-IoT system
We can notice small impact mostly at 95%. Further interpretations are FFS.
3 Conclusion
In this contribution we presented coexistence results between LTE and NB-IoT using 3.75 kHz subcarrier spacing in uplink, this for in-band and guard-band operations. It was observed the interferences in between both systems are limited (they mostly happen at 95%) both system could co-exist for in-band and guard-band operations. 

Nevertheless, using 3.75 kHz subcarrier spacing would require special attention on LTE scheduling to make sure only data will be sent on the adjacent PRBs to not compromise LTE performance.
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