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1 Introduction

The problem of interference modelling for OFDM in the case of coloured interference (e.g. for partially-loaded cells) has been previously raised as an issue ‎[1]. Although some basic link-level simulations with coloured interference have been presented in ‎[2], the problem of modelling such interference for multi-cell system performance evaluations has not been fully addressed yet.

This document discusses the possibility of using the Exponential Effective SIR Mapping (EESM), as described in ‎[3], to model the impact of coloured interference in system-level OFDM evaluations. Initial simulation results are provided to show that the link-level performance can be correctly modelled by the EESM when the signal and noise Power Spectral Densities (PSDs) are known to the receiver. Areas for future work are also identified.
2 Performance Modelling for Coloured Interference with EESM
2.1 Definitions

The EESM is defined in ‎[3] as
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where
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 is the SINR for the kth sub-carrier and 
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 is a parameter to be optimized. 
The SINR per sub-carrier 
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 can be re-defined in the case of coloured interference to take into account the interference (plus noise) PSD. Given the FFT size (N), and the cyclic prefix length (Np), the percentage of maximum total available transmission power allocated to the data subcarriers (RD), the number of data subcarriers per TTI (NSD), and the number of total useful subcarriers per TTI (NST), the SINR can be defined as:
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where 
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 is the instantaneous normalized received power from the desired signal for sub-carrier k, 
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 is the instantaneous normalized interference plus noise power for sub-carrier k, and 
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 is the geometry. 
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 is normalized such that 
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, while 
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 is normalized such that 
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 for fully loaded cells.
2.2 Simulation Results
To assess the feasibility of modelling the performance in coloured interference with the EESM, some link-level simulations have been run with the setup described in Figure 1. For these simulations, the interference source is AWGN, filtered through a frequency-selective channel to produce coloured interference.
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Figure 1: Simulation Setup
The simulation parameters correspond to the ones described in ‎[3] for 15 OFDM units. A random sub-carrier interleaver has been used. At the receiver, it is assumed that the interference PSD 
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 is known. The signal PSD 
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 is also assumed to be known. Several channel instantiations have been generated for pedestrian channels A and B, as well as for vehicular A. In each case, the channel remains constant over the measurement interval. The obtained error rate, as a function of the measured EESM, are plotted in Figure 2 and Figure 3 for QPSK and 16QAM respectively. The beta values used to compute the EESM are also shown on these Figures. From these results, it is clear that the EESM can be used to accurately model the link-level performance in coloured interference, with the assumption that the interference PSD 
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 is known.
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Figure 2: Simulation Results for QPSK (Rate = ½, 2/3 and 4/5)
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Figure 3: Simulation Results for QAM16 (Rate = 2/3 and 4/5)
3 Future Work

In this document, the main assumption is that the interference PSD 
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 is known to the receiver, such that the LLRs can be adapted to the exact SIR on each sub-carrier. However, this assumption might not be exact in practical systems. Although it is usually assumed that the desired signal PSD 
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 can be evaluated by the receiver with good precision (using the OFDM-CPICH), the precise evaluation of the interference level for each sub-carrier might be more difficult. The following two aspects should therefore be considered in the future:
· What level of precision could be obtained with a practical OFDM interference evaluation scheme? For instance, when OFDM units are formed using blocks of consecutive sub-carriers (see the solution based on a Costas sequence in ‎[3]), would it be sufficient to evaluate the average interference level across the block of sub-carriers? A block of sub-carriers encountering a collision with a high-level source of interference would then simply correspond to a lower reliability for the turbo decoder.

· Given a practical interference evaluation scheme, what would be the impact on performance of the error on the LLR amplitudes? Could the performance still be modelled properly using the EESM?

4 Conclusions

The possibility of using the EESM to model the link-level performance of OFDM in coloured interference scenarios has been discussed in this document. It is shown that when the interference PSD is known to the receiver, the performance can be accurately modelled via the EESM, using the proper SIR for each sub-carrier. Future areas of work have been proposed to address the practicality of the assumption that the interferference PSD is known to the reciever.
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