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NB M2M - Multi-interference Scenarios
1 Introduction

At GERAN#62, a study item named “Cellular IoT” was created, aiming to evaluate how to support low throughput and low complexity machine type communications [1]. NB M2M has been proposed as one of the candidate solutions [2].
A number of contributions (see [3] and its earlier versions) have been submitted to discuss the interference scenarios in NB M2M, and the results in [3] have been adopted in [4] to derive the link-to-system mapping methodology for system level simulations.

This document presents a multi-interference scenario derived from system level simulations for both the downlink and the uplink. This interference scenario is considered to be representative of the NB M2M system, and will be used for link-to-system mapping verification, see [5].
2 Network statistics
To obtain a realistic link level model for NB M2M, burst-wise interference statistics were collected in system simulations (see [6]). CDFs of the ratio of the dominant co-channel interferer to other interferers were then derived for both the downlink and the uplink, as shown in Figure 1 and Figure 2, respectively. The dominant co-channel (adjacent-channel) interferer is referred to as CCI1 (ACI1), and the second dominant co-channel (adjacent-channel) interferer as CCI2 (ACI2), and so on. CDFs of interferers with lower median power levels are not shown here because their median power levels are more than 10 dB less than the dominant interferer and simulations show that they do not cause any significant impact to the link level performance.
The abrupt change of gradient in the CDF of “CCI1-ACI2” at 0 dB power ratio is mainly caused by the use of contiguous narrowband channels in each sector (see [6] for more details on frequency planning in system simulations). ACI1 normally comes from the same sector as the wanted signal, and ACI2 may come from the same sector as CCI1 or the same sector as the wanted signal, hence there are a certain number of samples where ACI2 is equal to CCI1.
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Figure 1: CDFs of interferer power ratios, downlink
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Figure 2: CDFs of interferer power ratios, uplink
3 Multi-interference scenarios
The median power ratios in Figure 1 and Figure 2 were chosen to derive the multi-interference scenario for the downlink and the uplink, respectively. In addition, the AWGN component was also added as a ratio to CCI1. These scenarios are shown in Table 1.
Table 1: Multi-interference scenarios for NB M2M
	Name
	Interferer/noise 
	Interferer/noise relative power level (dB)

	Downlink
	1) CCI1

2) CCI2

3) CCI3

4) ACI1

5) ACI2

6) AWGN
	1) 0

2) -6
3) -9

4) 18

5) 12

6) -7

	Uplink
	1) CCI1

2) CCI2

3) CCI3

4) ACI1

5) ACI2

6) AWGN
	1) 0

2) -6
3) -10

4) 20

5) 11

6) -6


Furthermore, the interference variations during a block period were also logged in system simulations and were used to produce a model as shown in Table 2. This creates a “dynamic” interference scenario where the actual power level of each CCI/ACI listed in Table 1 changes with a “delta” value and interval according to Table 2.
Table 2: Interference variation
	Name
	Interference
	Interference variation

	Downlink
	CCI
	Randomly chosen from 1 dB and -1 dB every 10 ms, with the restriction that the power level of the interferer should not exceed [x0 - 15 dB, x0 + 15 dB] where x0 is the initial power level of the interferer according to Table 1.



	
	ACI
	Randomly chosen from 1 dB and -1 dB every 10 ms, with the restriction that the power level of the interferer should not exceed [x0 - 20 dB, x0 + 20 dB] where x0 is the initial power level of the interferer according to Table 1.



	Uplink
	CCI
	Randomly chosen from 1 dB and -1 dB every 40 ms, with the restriction that the power level of the interferer should not exceed [x0 - 10 dB, x0 + 10 dB] where x0 is the initial power level of the interferer according to Table 1.



	
	ACI
	Randomly chosen from 1 dB and -1 dB every 40 ms, with the restriction that the power level of the interferer should not exceed [x0 - 15 dB, x0 + 15 dB] where x0 is the initial power level of the interferer according to Table 1.




4 Conclusions

In this document, the multi-interference scenarios for the downlink and the uplink of NB M2M are developed based on network traces in system level simulations. They will be used for verification of the link-to-system methodology proposed for NB M2M.
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