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Link-to-system model for interference cancellation receivers
1 Introduction

At TSG GERAN #12 a Work Item on Single Antenna Interference Cancellation (SAIC) was formed [1]. The purpose of the work item is to perform a feasibility study in order to see whether SAIC techniques give gains that can motivate a tightening of the MS receiver performance requirements in 45.005.

As part of the feasibility study it can be expected that system evaluations of different SAIC techniques will be performed. One issue that has to be solved regarding this is how the SAIC link performance should be modelled in the system simulators. Accurate modelling is essential since the interference is known to vary in a non-trivial manner from burst to burst, but explicitly simulating the full algorithms for each individual link is clearly not feasible for complexity reasons. A technique for modelling link performance in system simulations, the so-called Olofsson model, is presented in [2]. This contribution discusses why it is important to modify this model when it comes to SAIC techniques. Furthermore, a framework for how the modification can be carried out is briefly outlined.

2 The Olofsson model

The Olofsson model operates on burst level, which is a natural approach in GSM/EDGE, since the channel can often be assumed to be constant during transmission of one burst. The burst level operation implies that characteristics of features such as frequency hopping are fully captured in the system simulator. The model takes burst level C/I samples as input and maps them onto raw Bit Error Probability (BEP) for bits in a burst. The BEP samples are then grouped together to form a frame (hence, for GSM speech they are grouped in groups of 8). For every frame, estimates of the mean raw Bit Error Rate (BER) and the standard deviation of the raw BER are produced. These parameter pairs are then mapped onto Frame Erasure Probability (FEP). Finally, the sequence of FEP values is used to estimate the Frame Erasure Rate (FER). A somewhat simplified illustration of the steps of the model can be seen in Figure 1, while a more comprehensive description of the model can be found in the original paper by Olofsson et al. [2].
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Figure 1. The original Olofsson model.

3 Limitations of the Olofsson model

As can be seen in Figure 1, the Olofsson model can be divided into two steps:

1. Burst C/I  (  raw BEP

2. raw BEP  (  FEP

The second step of the model, i.e. the mapping from raw BEP to FEP, mainly depends on decoding performance, which is a function of average raw BER in the bursts and the distribution of bit errors between the bursts. Hence, this step of the model is asssumed to be independent of the interference environment. 

The first step, i.e. the mapping from burst C/I to raw BEP, depends on the channel conditions and the equalizer. For the Olofsson model, which is derived for conventional receivers without interference cancellation capabilities, this mapping is almost independent of the interference environment, i.e. only the total interference power level matters. This is not true for interference cancellation receivers, whose performance is strongly dependent on the interference environment. Many interference cancellation techniques give outstanding performance with single interferers, but are generally a bit worse when more interferers are present, even though the total interference power level is the same [3]

 REF _Ref28051763 \r \h 
[4]. This is illustrated in Figure 2, which shows raw BEP as a function of burst C/I for an interference cancellation technique in different interference scenarios. It can be seen that even though the burst C/I is the same, the raw BEP varies significantly due to the number of interferers and their power distribution. This implies that the original Olofsson model cannot model interference cancellation receivers accurately, and must be modified in order to take interference cancellation into account.
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Figure 2. Actual burst C/I curves obtained for different interference environments with an interference cancellation receiver.

4 Modification for interference cancellation

As discussed above, the particular challenge of modelling link performance of interference cancellation techniques in system simulations lies in its strong dependence on the nature of the interference. It is thus the channel- and equalizer dependent step of the Olofsson model, i.e. the mapping from burst C/I to raw BEP, that must be modified. In principle one mapping for each interference environment, i.e. a whole family of mappings, is required. This is, however, a rather complex approach. Therefore, another method, previously used e.g. in [5]

 REF _Ref28078901 \r \h 
[6], is proposed. The idea behind this method is to use one specific mapping, a reference mapping, for all scenarios, i.e. different equalizer structures and interference environments. This is made possible by calculating an effective burst C/I that allows all the different mappings obtained for different equalizer structures and interference environments to coincide. The effective burst C/I must of course depend on the utilized equalizer structure, the interference environment etc. Figure 3 illustrates how this method adds an extra step to the original procedure, cf. Figure 1.
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Figure 3. The modified Olofsson model. Calculation of an effective burst C/I adds an extra step to the model, cf. Figure 1.

The calculation of the effective burst C/I is based on the fact that many interference cancellation techniques in principle can cancel one interfering signal. In the system simulator this translates into the omission of the power of the strongest interferer in the C/I calculation. In practice, the complete omission of the strongest interferer often turns out to be too optimistic and a few empirically determined corrections have therefore been included. Adjacent-channel interferers are handled like co-channel interferers except for an initial power suppression.

An example of the use of the effective burst C/I method is now provided. Figure 2 in the previous section shows the expectation value of the raw BEP of a burst as a function of the total burst C/I. Curves are shown for an interference cancellation receiver in several different interference scenarios. As can be seen, the curves differ widely in response to the particular interference scenario in question. When the effective C/I method is employed, however, all curves collapse onto one curve, as shown in Figure 4. This reference curve is preferably obtained for a conventional receiver, as in the original Olofsson model. Hence, the mappings from burst C/I to raw BEP and from raw BEP to FEP for the conventional receiver can be used to find FEP from the effective C/I.
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Figure 4. Effective burst C/I curves for the same examples as shown in Figure 2. All curves coincide with the reference mapping (represented by stars) which is obtained for a conventional receiver without interference cancellation capabilities.

The effective C/I method was used to obtain the system capacity results for the SAIC technique in [3]. The method is also fairly general; with minor extensions and parameter adjustments it can also be used to model other interference cancellation schemes (see e.g. [6]).

5 Concluding remarks

It has been emphasized that when modelling the link performance of interference cancellation techniques for use in system simulations, the interference environment must be taken into account. Not only the total interference power level matters, the distribution of power between interferers and whether they are co- or adjacent-channel interferers must be considered as well. This means that the so-called Olofsson model [2], which is derived for conventional receivers without interference cancellation capabilities, must be modified if it is to be used for system simulations of SAIC techniques.

Furthermore, a framework for how this modification can be carried out has been outlined. It should however be noted that a considerable effort is required to tune the modified model to ensure it is valid in most interference scenarios, and that a re-tuning must be performed for each specific interference cancellation algorithm. 
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