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1 Introduction

In this contribution a Link-to-System (L2S) mapping method that can be used to model the NB M2M system ([1]) is presented. It is based on a number of observations in [2] on the characteristics of interference scenarios.
This document is an update of [3]. Changes have been highlighted in red text.
2 Modelling of interferers
The interferers were generated in the same way as the wanted signal. A co-channel interferer (CCI) uses the same radio frequency as that for 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, see [1]) to that for the wanted signal.

3 L2S mapping methodology
3.1 Downlink
3.1.1 Scenario identification function
As indicated in [2], the contribution of ACI to link level performance is so small that ACI can be just omitted in the L2S work, so only CCIs will be taken into account hereafter.
By investigating link level performance in various interference scenarios, two dominant impacting factors are identified in [2]: noise ratio (
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) and dominant interferer ratio (
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). Suppose SINR is defined by
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is the power of noise to the sum of the powers of all interferers plus noise:
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And 
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is the power of dominant interferer to the sum of the powers of all interferers:
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Simulations indicate that for each combination of modulation and coding schemes (MCS) and transmission block size (TBS, in ms) there exists one scenario identification function 
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 such that any interference scenarios taking the same value for 
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 have very similar link level performance.
The values for 
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 can be taken as the reciprocal of the linear SINR at BLER = 10% (e.g. 
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 if SINR = 0 dB). In this case it is believed that 
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 can be modelled as a linear function defined by
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where 
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are constants determined by 
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, and can be derived by curve fitting from link level simulations.
An example of 
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 for (DL MCS-0, 10 ms) is as follows
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Scenario 1 and Scenario 2 in Table 1 are dramatically different in interferer/noise configurations, but take a very close value for 
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. As shown in Figure 1, their link level performance curves basically overlap.
Table 1: Interference scenarios
	Name
	Interferer/noise 
	Interferer/noise relative power level (dB)
	NR
	MR
	f0(NR, MR)

	Scenario 1 
	1) Co-channel 1

2) Co-channel 2

3) AWGN
	1) 0

2) 6
3) 0.97
	0.2
	0.8
	1.589

	Scenario 2
	1) Co-channel 1

2) Co-channel 2
3) Co-channel 3
4) AWGN
	1) 0

2) 0
3) 0.7

4) -4.5
	0.1
	0.37
	1.588
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Figure 1: Sensitivity performance, (DL MCS-0, 10 ms)
Considering the large number of MCS and TBS combinations (e.g. 180 for DL MCS-0) in NB M2M, it is unrealistic to derive all scenario identification functions via link level simulations. One possible option is to derive the scenario identification function 
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 via linear mapping from the scenario identification function of a baseline combination 
[image: image24.wmf])

,

(

0

0

TBS

MCS

, 
[image: image25.wmf])

,

(

0

MR

NR

f

, as follows:
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 are the SINR (in dB) at BLER = 10% for Sensitivity and 1-CCI, respectively. (i = 0, 1)
Since 
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 is a deterministic linear conversion of 
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, if two interference scenarios have the same output of 
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, they should take the same value for 
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As can be seen in Figure 2, the performance of Scenario 1 and Scenario 2 matches equally well for (DL MCS-1, 40 ms).
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Figure 2: Sensitivity performance, (DL MCS-1, 40 ms)
3.1.2 Nominal interference scenarios
One further observation in [2] is that the Sensitivity performance and the 1-CCI performance set the two bounds of downlink performance, respectively, with only a couple of dB difference at BLER = 10%. It is thus sufficient to cover all interfering cases by adding a limited number (e.g. 2) of scenarios such that their link level performance curves are equally positioned in between Sensitivity and 1-CCI, and that the distance between any two adjacent curves at BLER = 10% is less than e.g. 1 dB.
Each 
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 has an associated set of interference scenarios (including Sensitivity and 1-CCI) which are defined by
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These scenarios are defined as “nominal interference scenarios” for the purpose of deriving L2S mapping tables. A schematic example is given in Figure 3.
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Figure 3: Example of nominal interference scenarios
3.1.3 Mapping tables
For a given 
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, suppose the set of nominal interference scenarios are 
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To derive the mapping table for nominal interference scenario 
[image: image39.wmf]k

, burst-wise BLERs are collected from a link level simulator and put into 0.5 dB bins of linear average SINR. An average is then taken for each bin to produce one SINR to BLER mapping table.
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 is used to locate the mapping table for nominal interference scenario 
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The mapping tables for the 
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 nominal interference scenarios are grouped so that they can be looked up via 
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3.1.4 L2S mapping in the system simulator
To find the 
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 for a given burst belonging to 
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1. The interferers and noise are first collected and averaged to derive 
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2. 
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 is used to locate the target mapping table group.

3. The target mapping table 
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 within the target mapping table group is chosen such that 
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4. A 
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 to 
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 lookup is finally performed in the target mapping table to obtain the target 
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3.2 Uplink
The only difference found between the uplink and the downlink is that, for UL MCS with no repetition and spreading 1-CCI sets the upper bound SINR and Sensitivity sets the lower bound SINR. However, no impact is foreseen to the L2S mapping methodology. In other words, the methodology can be simply reused for the uplink, with different mapping data.

4 Conclusions
This document presents a L2S interface for NB M2M. A number of mapping tables are derived based on the 
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 combination and the interference characteristics quantified by the output of an interference identification function for the 
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Verification of the L2S methodology will be provided in future contributions.
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