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NB M2M - Interference Scenarios
1 Introduction

At GERAN#63 it was agreed that for link level simulation assumptions, “sensitivity shall be modelled as a baseline, interference scenarios need to be developed” [1].

This document presents the link level performance of NB M2M [2] in a number of interference/noise configurations, and investigates typical interference scenarios suitable for future link level performance evaluations.
This document is a restructuring of [3]. More simulation results have been added, and some simulation assumptions such as CBS have been changed to reflect the latest MCS and CBS design [5].
2 Simulation assumptions
2.1 Receiver models
The downlink receiver model is shown in Figure 1. Interference cancellation is not considered for the receiver, but instead random sequence spreading/scrambling is introduced at the transmitter to provide interference mitigation [2].
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Figure 1. Downlink receiver processing chain
The uplink receiver model is shown in Figure 2.
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Figure 2. Uplink receiver processing chain
2.2 Interference scenarios
The interference scenarios used in the simulations are listed in Table 1.
The interferers were generated in the same way as the wanted signal. A co-channel interferer (CCI) uses the same radio frequency as that of the wanted signal, and an adjacent channel interferer (ACI) uses the neighbouring radio frequency (i.e. 15 kHz away for the downlink and 5 kHz away for the uplink [2]) to that of the wanted signal.

An independent random delay was assumed between the wanted signal and each interferer. The random delay was generated per non-repeated burst (so multiple repetitions of the same burst used the same delay value).
Table 1. Interference scenarios
	Name
	Interferer/noise 
	Interferer/noise relative power level (dB)

	Sensitivity
	1) AWGN
	1) 0

	1-CCI
	1) Co-channel 1
	1) 0

	1-ACI
	1) Adj-channel 1
	1) 0

	DTS-2
	1) Co-channel 1

2) Co-channel 2

3) Adj-channel 1

4) AWGN
	1) 0

2) -10

3) 3

4) -17

	2C1N
	1) Co-channel 1

2) Co-channel 2

3) AWGN
	1) 0

2) -10

3) 0


2.3 Other simulation parameters
Other simulation parameters are summarised in Table 2. Assumptions on code block size (CBS) are provided in Table 3 and Table 4.
Table 2. Assumptions for link level simulations

	Parameter
	Value for downlink
	Value for uplink

	Frequency band
	900 MHz
	900 MHz

	Propagation channel model
	TU
	TU

	Doppler spread
	1 Hz
	1 Hz

	Timing error (ms)
	0
	0

	Antenna configuration
	1T1R
	1T2R

	Frequency error
	±45 Hz. See [4].
	F_offset(t) = F_est_error + (F_drift_inactive *T_inactive)  + (F_drift_active * t). See [4].

	Modulation and coding scheme (MCS)
	DL MCS-0 to DL MCS-9. See [5] for the definition of DL MCS.
	UL MCS-0 to UL MCS-9, Class-B. See [5] for the definition of UL MCS.

	Code block size (bit)
	See Table 3.
	See Table 4.


Table 3. Assumptions on downlink CBS
	
	DL MCS-0
	DL MCS-1
	DL MCS-2
	DL MCS-3
	DL MCS-4
	DL MCS-5
	DL MCS-6
	DL MCS-7
	DL MCS-8
	DL MCS-9

	CBS1
	48
	48
	48
	48
	48
	48
	96
	144
	192
	288

	CBS2
	192
	192
	192
	192
	192
	192
	384
	576
	768
	1152

	CBS3
	864
	864
	864
	864
	864
	864
	1728
	2592
	/
	/


Table 4. Assumptions on uplink CBS
	
	UL MCS-0
	UL MCS-1
	UL MCS-2
	UL MCS-3
	UL MCS-4
	UL MCS-5
	UL MCS-6
	UL MCS-7
	UL MCS-8
	UL MCS-9

	CBS1
	40
	40
	40
	40
	40
	40
	64
	128
	256
	512

	CBS2
	384
	384
	384
	384
	384
	384
	768
	1536
	3072
	6144

	CBS3
	832
	832
	832
	832
	832
	832
	1536
	3072
	/
	/


3 Simulation results
The link level performance is characterised by the required SINR to achieve 10% BLER.

The 1-ACI performance is shown in Figure 3 for the downlink and Figure 4 for the uplink. It can be seen that NB M2M has excellent adjacent channel performance resulting in 1-ACI performance that is between 25 and 50 dB better than the 1-CCI performance, depending on the MCS and CBS (as shown in Figure 5 and Figure 6). Consequently, the contribution of ACI to performance loss is considered to be negligible for link level simulations with NB M2M. The main reason for the good ACI performance is that the NB M2M physical channels are individually pulse-shaped such that they are separated in frequency. This means that a receiver can use a good quality digital filter to provide a very high level of rejection of the adjacent channel interference.
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Figure 3. Downlink 1-ACI performance
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Figure 4. Uplink 1-ACI performance
[image: image5.emf]0 1 2 3 4 5 6 7 8 9

25

30

35

40

45

50

55

DL MCS

SINR(CCI)-SINR(ACI) dB

Downlink,difference between 1-ACI and 1-CCI at 10% BLER (CCI-ACI)

 

 

CBS

1

CBS

2

CBS

3


Figure 5. Downlink, difference between 1-ACI and 1-CCI
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Figure 6. Uplink, difference between 1-ACI and 1-CCI
The sensitivity, 1-CCI and multi-interference performance are shown in Figure 7, Figure 8 and Figure 9 for the downlink, and Figure 10, Figure 11 and Figure 12 for the uplink, each figure showing results for one CBS. For multi-interference scenarios the SINR is defined as:
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Ik can be both CCI and ACI, and for the latter an ACP derived from link level performance is applied. As mentioned above, ACI can be neglected when investigating the link level performance due to the high level of adjacent channel rejection using NB M2M.
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Figure 7. Downlink sensitivity, 1-CCI and multi-interference performance, DL MCS-0 to 9, CBS1
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Figure 8. Downlink sensitivity, 1-CCI and multi-interference performance, DL MCS-0 to 9, CBS2
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Figure 9. Downlink sensitivity, 1-CCI and multi-interference performance, DL MCS-0 to 7, CBS3
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Figure 10. Uplink sensitivity, 1-CCI and multi-interference performance, CBS1
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Figure 11. Uplink sensitivity, 1-CCI and multi-interference performance, CBS2
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Figure 12. Uplink sensitivity, 1-CCI and multi-interference performance, CBS3
4 Discussions
The following observations are made based on the performance of NB M2M, using the downlink and uplink receiver models described in section 2.1:
· The contribution of adjacent channel interferers to performance loss can be neglected.

· The Sensitivity and 1-CCI performance set the bounds of both downlink and uplink performance. 
· In most cases Sensitivity sets the lower bound SINR and 1-CCI sets the upper bound SINR.
· The only exception is found for MCSs with PSK modulation, no spreading and no repetition (i.e. DL MCS-5 to 6 investigated in this document) where 1-CCI sets the lower bound SINR and Sensitivity sets the upper bound SINR. The main reason is that these MCSs operate at high SINR (i.e. low noise plus interference) region where the noise (with random amplitude) is more likely to drive the signal towards an erroneous PSK constellation point than the interference which has deterministic amplitude.
· For MCSs with GMSK modulation, the information bits are carried only by phase variation which is more sensitive to deterministic interference than to random noise. Hence the above exception does not occur.
· For MCSs with PSK modulation and spreading/repetition, the impact of interference to SINR becomes dominant due to coherent combining while the impact of AWGN to SINR remains unchanged because each repetition is independent. Hence the above exception does not occur.

· For scenarios where 1-CCI sets the lower bound SINR, the link level performance is improved with the increase of the ratio of the dominant interferer to the total interference plus noise or with the decrease of the ratio of noise to the total interference plus noise.

· For scenarios where 1-CCI sets the upper bound SINR, the link level performance is improved with the decrease of the ratio of the dominant interferer to the total interference plus noise or with the increase of the ratio of noise to the total interference plus noise.

Since 1-CCI and Sensitivity cover the worst case link level performance, it is sufficient to only consider 1-CCI in the link level performance evaluation of NB M2M in interference limited scenarios. For the purpose of link-to-system modelling, other interference scenarios can also be considered to reduce the modelling error.

5 Conclusions
This document presents a method to derive downlink and uplink interference scenarios for NB M2M based on link level performance. 1-CCI is identified as the only interference scenario to be considered in the link level performance evaluation of NB M2M in interference limited scenarios.
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