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NB M2M - Further Considerations on Interference Modelling
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 introduces some further considerations on interference modelling, specifically the modelling of ACI and assumption on interference modulation.
2 Modelling of adjacent channel interference (ACI)
Although it has been shown in [3] that for most (MCS, CBS) combinations, the contribution of ACI to performance loss is so small that it can be considered negligible, there does exist some extreme cases where the difference between 1-CCI and 1-ACI performance at BLER=10% can be as “small” as about 25 dB. Such a difference should not lead to any visible impact to the system performance in CCI dominant scenarios, but should be carefully considered in order to maintain the same level of modelling accuracy in ACI dominant scenarios.
A straightforward way of modelling ACI is to convert each ACI (if any) in a given interference scenario to an “equivalent CCI”. For example, if the original interference scenario consists of 2 CCIs, 1 ACI and AWGN with a power level of 
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Link level simulations have been performed to verify the above method. The basic simulation assumptions are the same as those listed in Table 2 of [3]. The simulated CBS indexes are 0, 3 and 17. Three very different interference scenarios, as shown in Table 1, were chosen for simulations.
Table 1. Interference scenarios

	Name
	Interferer/noise 
	Interferer/noise relative power level (dB)

	DTS-2
	1) Co-channel 1

2) Co-channel 2

3) Adj-channel 1

4) AWGN
	1) 0

2) -10

3) 3

4) -17

	2A1N
	1) Adj-channel 1

2) Adj-channel 2

3) AWGN
	1) 0

2) -10

3) -17

	2C3A1N
	1) Co-channel 1

2) Co-channel 2

3) Adj-channel 1

4) Adj-channel 2

5) Adj-channel 3

6) AWGN
	1) 0

2) -10

3) 3

4) 5

5) 10

6) 3


The simulation results for downlink, DTS-2 are shown in Figure 1, Figure 2 and Figure 3. It can be seen that the performance of the converted scenarios matches that of the original scenarios very well in all three simulated cases.
Simulation results for other cases can be found in clause 6 where the same conclusion holds.
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Figure 1. Verification of ACI modelling, downlink, DTS-2, CBS index = 0
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Figure 2. Verification of ACI modelling, downlink, DTS-2, CBS index = 3
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Figure 3. Verification of ACI modelling, downlink, DTS-2, CBS index = 17
3 Modelling of interference modulation
In [3] it was assumed that “The interferers were generated in the same way as the wanted signal”. This does not cover the cases where the interferer has a different modulation type than the wanted signal. To understand whether there is a performance implication for interference modulation, a number of simulations were run to compare the performance when the wanted signal is exposed to interferers with different modulation types.

The basic simulation assumptions are the same as those listed in Table 2 of [3] except that only the downlink is considered. The simulated interference scenario is 1-CCI, the MCSs are DL MCS-2 (BPSK modulated), DL MCS-6 (QPSK modulated) and DL MCS-9 (16QAM modulated), and the CBS indexes are 0, 3 and 15.
Simulations for the uplink will be presented in a future update of this document. In fact, in the case of configuring Class-B UEs for the uplink, it is not necessary to consider a “different” interference modulation because there is only one type of modulation in the uplink (i.e. GMSK).

It can be seen that the “same modulation” configuration (as already assumed in [3]) performs worst in most simulated cases. For other cases, the difference between the “same modulation” and other configurations are negligible. Hence it can be concluded that the “same modulation” assumption is sufficient in interference modelling.
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Figure 4. Performance comparison between different interference modulations, downlink, 1-CCI, CBS index = 0
[image: image14.emf]-10 -5 0 5 10 15 20 25 30 35

10

-2

10

-1

10

0

SIR

BLER

Downlink,1-CCI,CBS index=3

 

 

S:DL MCS-2,I:DL MCS-2

S:DL MCS-2,I:DL MCS-6

S:DL MCS-2,I:DL MCS-9

S:DL MCS-6,I:DL MCS-2

S:DL MCS-6,I:DL MCS-6

S:DL MCS-6,I:DL MCS-9

S:DL MCS-9,I:DL MCS-2

S:DL MCS-9,I:DL MCS-6

S:DL MCS-9,I:DL MCS-9


Figure 5. Performance comparison between different interference modulations, downlink, 1-CCI, CBS index = 3
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Figure 6. Performance comparison between different interference modulations, downlink, 1-CCI, CBS index = 15
4 Conclusions
In this document, the modelling of ACI is introduced as a refinement to the link-to-system mapping methodology for NB M2M. System simulation results taking this refinement into account will be provided in future document. The impact of interference modulation to link level performance is also investigated. It can be concluded that it is sufficient to assume only the same modulation between the wanted signal and the interferers (as already done in [3]).
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6 Appendix I: Verification of ACI modelling for scenarios other than DTS-2
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Figure 7. Verification of ACI modelling, downlink, 2A1N, CBS index = 0
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Figure 8. Verification of ACI modelling, downlink, 2A1N, CBS index = 3
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Figure 9. Verification of ACI modelling, downlink, 2A1N, CBS index = 17
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Figure 10. Verification of ACI modelling, downlink, 2C3A1N, CBS index = 0
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Figure 11. Verification of ACI modelling, downlink, 2C3A1N, CBS index = 3
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Figure 12. Verification of ACI modelling, downlink, 2C3A1N, CBS index = 17
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Figure 13. Verification of ACI modelling, uplink, DTS-2, burst length = 40 ms
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Figure 14. Verification of ACI modelling, uplink, DTS-2, burst length = 480 ms
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Figure 15. Verification of ACI modelling, uplink, DTS-2, burst length = 960 ms
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Figure 16. Verification of ACI modelling, uplink, 2A1N, burst length = 40 ms
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Figure 17. Verification of ACI modelling, uplink, 2A1N, burst length = 480 ms
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Figure 18. Verification of ACI modelling, uplink, 2A1N, burst length = 960 ms
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Figure 19. Verification of ACI modelling, uplink, 2C3A1N, burst length = 40 ms

[image: image29.emf]-20 -15 -10 -5 0 5 10

10

-3

10

-2

10

-1

10

0

SIR

BLER

Uplink,2C3A1N,burst length=480ms

 

 

UL MCS-0,original

UL MCS-0,converted

UL MCS-1,original

UL MCS-1,converted

UL MCS-2,original

UL MCS-2,converted

UL MCS-3,original

UL MCS-3,converted

UL MCS-4,original

UL MCS-4,converted

UL MCS-5,original

UL MCS-5,converted

UL MCS-6,original

UL MCS-6,converted

UL MCS-7,original

UL MCS-7,converted

UL MCS-8,original

UL MCS-8,converted

UL MCS-9,original

UL MCS-9,converted

 
Figure 20. Verification of ACI modelling, uplink, 2C3A1N, burst length = 480 ms
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Figure 21. Verification of ACI modelling, uplink, 2C3A1N, burst length = 960 ms
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