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GERAN CIoT Link-to-System Mapping Methodology
1. Introduction
Link to system mapping is essential for efficiently capturing the performance of the underlying physical layer in the system level simulator (SLS). In this contribution we provide a novel method that can be used for link to system mapping in Cellular IoT systems. The end goal of the proposed method is to provide a BLER curve that is matched to the interference scenario observed in the SLS simulator. This document is an update of [1].
2. Effect of interference scenarios on BLER
The observed interference scenario, i.e., the number of interferers and their received interference powers, has a direct impact on the BLER curves obtained through the link level simulations. Subsequently, this interference scenario will affect the performance observed by the SLS. In particular, for a given modulation coding scheme (MCS) and a particular interference-to-noise ratio (INR) value, different interference scenarios will incur different BLERs. For example, consider an EC-GSM communication scenario that utilizes MCS-2 without repetitions and incurs an INR=4 dB, whereby the noise power is 0dB. For such a scenario, exemplary BLER curves corresponding to different distributions of the interference power among the co-channel interferers (CCIs) are provided in Figure 1. In this figure, the 1-CCI corresponds to the single dominant interferer case, whereas the 18-CCIs correspond to a case in which the interference power is divided equally among 18-CCIs. In the same figure, the remaining curves correspond to exemplary co-channel interference scenarios with different interference distributions; for example, three interferers with interference powers, I=[1.8 -2 -4.2]dB; 
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Figure 1. Effect of the underlying interference scenario on BLER for EC-GSM MCS-2.

In [2], it was shown that for communication systems without any interference suppression mechanism, the performance of an interference scenario with a given INR observed in the SLS is upper and lower bounded by the 1-CCI and M-CCIs corresponding to the same INR, where M is a large integer. In a cellular communication system with a frequency reuse factor=1/3, this M will be approximately equal to 18; that is, the total number of interferers in the first two tiers. These upper and lower bounds for the case of MCS-2 and INR=4dB are shown in Figure 1 by the 1-CCI and the 18-CCIs curves, respectively. 
To accurately evaluate the performance of a communication system using system level simulations, each interference scenario must be mapped to a BLER curve for link level performance extraction [3]. The accuracy of this mapping procedure will directly impact the accuracy of the SLS. Hence, to improve the accuracy of this procedure, in this contribution, we provide a two-step link to system mapping method. In the first step, a set of reference interference scenario curves is selected based on the incurred INR. Subsequently, in the second step, a mapping function is introduced to select the BLER curve corresponding to the nominal interference scenario that closely matches the BLER performance of the incurred interference scenarios. These two steps are discussed in detail in the following sections. 
3. Selection of nominal interference scenarios
In our simulations, we made two observations. First the IoT devices are most likely to have a dominant interferer due to the cellular layout; e.g., the frequency reuse factor and the antenna pattern. Second, the INR values and the strength of the dominant interferer are among the main factors that affect the BLER curves. Utilizing these two observations, the nominal interference scenarios’ BLER curves were selected such that:
I. They come in sets, each representing a given nominal value of INR, wherein each of the BLER curves within a given set corresponds to a different dominant interference power, but with the same INR value.
II. For a set of BLER curves corresponding to a given INR value, the curves within this set must be uniformly distributed and the gap between any two consecutive curves is less than 0.5 dB.  
III. The nominal INR values are selected such that their 1-CCI curves are upper and lower bounded by the sensitivity (additive white Gaussian noise (AWGN) only) curve, the zero interference scenario, and the 1-CCI curve corresponding to the highest INR observable in the system, respectively. In addition, the difference between any two consecutive 1-CCI curves should be less than 0.5 dB. Note that for high INR values, the BLER curves tend to converge towards each other. For example, in EC-GSM systems, the BLER curves almost overlap with each other after INR=5dB and thus it is sufficient to consider the lower bound on the INR to be 5dB and map any higher INR values to this bound. 
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                      Figure 3. Nominal interference scenarios with 1-CCI for EC-GSM MCS-2. Note that in this example, the BLER curves were observed to coincide for INR values >0.5 dB.

4. Scenario identification procedure
Given the countably infinite possible interference scenarios that can be observed in the SLS, the link-to-system mapping method must include a scenario identification procedure. In particular, a procedure must be provided to match the observed interference scenario in the SLS with one of the nominal pre-selected interference scenarios.  In this proposal, we identify the nominal interference scenario that matches the observed interference scenario in the SLS based on the following two parameters:
 , and

,
where DIR is the dominant-interferer ratio,  is the dominant interferer power, is the interferer power of the k-th interferer, and  is the noise power. Based on these two values, a specific BLER performance curve that accurately reflects the observed interference scenario in the SLS is selected. The detailed steps leading to this selection are illustrated in detail in the following section.  
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Figure 4. The nominal interference scenarios BLER curves for MCS-4 and INR=4dB.
5. Implementation of the proposed link to system mapping method
	The proposed link to system mapping method can be implemented as follows:

I. Select the nominal interference scenarios according to the criteria in Section 3 and tabulate their BLER curves. 
II. Identify the SINR value, noise power  and the interference vector I corresponding to the interference scenario observed in the SLS.
III. Calculate the INR and DIR values for the interference scenario observed in the SLS using their expressions provided in Section 4.  
IV. Select the set of BLER curves corresponding to the INR value closest to the one corresponding to the interference scenario observed in the SLS.
V. Select the BLER curve corresponding to the DIR value closest to the one corresponding to the interference scenario observed in the SLS.
VI. Utilize the selected curve to obtain the BLER corresponding to the SINR value observed in the SLS. 
6. Verification of the proposed link to system mapping method
In this section, we implement our proposed link to system method for a EC-GSM system utilizing MCS-2 for verification. For this system, the nominal interference scenarios were selected based on the criteria provided in Section 3.
To this end, assuming that we observe an interference scenario in the SLS with interference powers I=[-0.22   -3.23  -11.01  -11.01] dB and dB, for EC-GSM MCS-2. For this interference scenario, the corresponding INR and DIR values are 2dB and 0.6, respectively. The BLER curves corresponding to this scenario and the selected nominal interference scenario are provided in Figure 5. From this figure, it can be seen that the two curves match closely (with an error of 0.05dB at 10% BLER). The two curves are presented in Figure 5.

Figure 5. The BLER curves corresponding to the selected reference interference curve and the observed interference scenario in the SLS for EC-GSM MCS-2.
7. Effect of adjacent channel interference:
       In [4], it was shown that due to filtering, there exists an adjacent channel protection (ACP) of 18dB, 50dB and 58dB from adjacent Interferers with frequency separation of 200 KHz, 400 KHz, and 600 KHz, respectively. This protection can be even higher with the implementation of more advanced receiver types [5]. Since an EC-GSM system is assumed to have a frequency reuse 3, there exists a 600 KHz frequency separation between intra cell bands and thus the intra-cell adjacent channel interference (intra-cell ACI) may be negligible.  
8. Link to system mapping in the uplink
Since the observations on the downlink interference scenarios are also valid for the uplink, the proposed link to system mapping method can be reused to select the BLER curves for the observed interference scenarios in the uplink.  
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