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1 Introduction

A simulation methodology developed to improve the modelling accuracy of the block error rates (BLER) in OFDM link-level and system-level simulations has been described in both ‎[2] and ‎[3].  The main concept behind this approach is the modeling of the expected BLER as a function of both the receiver C/I and the standard deviation of the channel frequency response, rather than just the receiver C/I as is the generally accepted approach for WCDMA.  An example of such an OFDM BLER surface (rather than a BLER curve) is given in Figure 1.  Note that this BLER surface is independent of any specific channel model and was in fact created by combining link-level simulation results from the Pedestrian A, Pedestrian B, and Vehicular A channels, all at 3 km/h.
Clearly, it is only appropriate to use a model of a certain quantity, such as BLER, when that model provides an accurate representation of reality.  Consequently, this document validates the OFDM simulation methodology described in detail in ‎[3] by showing that the proposed BLER surfaces (as a function of C/I and standard deviation) provide a realistic system-level model of OFDM link-level performance, which improves the modelling accuracy that would be achieved by using OFDM BLER curves that are a function only of C/I.
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Figure 1:  Three-dimensional mesh plot of BLER as a function of C/I and frequency response standard deviation
2 Simulation Approach for Validation
In order to demonstrate that the proposed BLER modeling approach is valid, it is necessary to show a strong functional correlation between the observed C/I and standard deviation for a particular user and the corresponding observed BLER, which should closely match the expected BLER as obtained from the BLER surface model.  This can be accomplished via the following approach:

1. Consider each of the three dispersive channel models (Pedestrian A, Pedestrian B, and Vehicular A).

2. Model a user with a random (i.e. random fixed fading values on each path) frequency response for the given channel.  The fading remains static (i.e. fading values do not change) throughout the duration of one simulation, although a different OFDM subcarrier interleaver is used for each TTI.  This implies that the received C/I and frequency response standard deviation will also remain constant throughout each individual simulation.

3. Run the simulation for several thousand TTIs and measure the observed average BLER for that particular test case.

4. Plot the observed BLER as a function of C/I and standard deviation.  Each simulation run yields one validation point.

5. Repeat the above process until a sufficient number of validation points has been obtained.

6. Include the appropriate BLER model curves as a function of C/I and standard deviation (obtained from the 3D mesh plots such as that shown in Figure 1) to compare with the validation points.

Figure 3 gives an example of the above validation process.  In this graph, three BLER curves or “slices” are taken from the corresponding BLER surface by holding the C/I constant (at values of 0 dB, 0.5 dB, and 1 dB) and allowing the standard deviation to vary.  The individual validation points obtained from the above validation process are plotted with representative symbols in the same colour (corresponding to a fixed C/I value) as the corresponding BLER curve.  If the proposed OFDM BLER model is valid, it would be expected that the validation points corresponding to a certain C/I value should lie close to the corresponding expected BLER curve.
Ideally, the validation points would be plotted on the appropriate 3D mesh plot such as in Figure 1, and it would be expected that the validation points should be located close to the BLER surface at the corresponding C/I and standard deviation values.  However, this is difficult to see in a two-dimensional representation of a three-dimensional plot, so the graphical display approach shown in Figure 3 is more useful.

Further discussion and analysis of the OFDM BLER model validation results are contained in Section ‎4.

Unless indicated otherwise, the simulation assumptions and approaches as given in ‎[1], ‎[2], and ‎[3] were followed during the validation simulations.
3 OFDM BLER Curves as a Function of C/I Only
The motivation for developing an enhanced OFDM BLER model arises from the observation that there can be significant variation between the observed BLER for a specific channel instantiation and the corresponding predicted/expected BLER from a BLER curve that is a function only of C/I.  To illustrate this, it is simply necessary to remove any consideration of the frequency response standard deviation from the BLER modelling process.  This causes the three-dimensional BLER surface as shown in Figure 1 to collapse into a two-dimensional BLER curve where the expected BLER is a function only of the observed C/I.  The validation points obtained in Section ‎4 may then be plotted on the same graph as a function of C/I.  A sample result of this is shown in Figure 2, where the BLER surface from Figure 1 has been collapsed into a single BLER curve for the QPSK rate 3/4 link mode.  Here, the validation points showing the observed BLER values for specific channel realizations and receiver C/I values have also been plotted on the graph.  In all cases, the validation points cover a wide range of observed BLER values for a given C/I value.  Hence, the usefulness of and motivation for developing an improved OFDM BLER model with enhanced modelling accuracy and less variation between specific observations (validation points) and the predictive BLER model can clearly be seen.
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Figure 2:  OFDM BLER validation points plotted as a function only of C/I
4 Validation Plots for OFDM BLER Surfaces
Figure 3 through Figure 12 show the OFDM BLER surface validation plots for all QPSK and 16QAM link modes (rate 1/3, 1/2, 2/3, 3/4, and 4/5 coding) in a 3 km/h dispersive channel.  Note that the same OFDM BLER surface is valid across all dispersive channel models (e.g. Pedestrian A, Pedestrian B, Vehicular A).  For each of the link modes, three or four representative fixed C/I values were selected, and validation points with a range of standard deviations were generated for each of these C/I values.  The solid lines in each graph represent the expected BLER from the OFDM BLER model for each fixed C/I value, while the different symbols represent individual observed BLER validation points for a given C/I value and standard deviation.  For all of the link modes, 4000 TTIs were used to generate each validation point, with the exception of QPSK rate 1/3 and rate 1/2, where 10000 TTIs were used for greater accuracy.  Any validation point that yielded an observed BLER of zero was plotted on the  10-4 BLER line.  In addition, note that observed BLER values in the lower half of each graph will not be completely accurate due to the finite number of TTIs that were simulated for each validation point.
In all cases, there is a clear visual correlation between the distribution of the validation points and the corresponding expected BLER curve from the BLER model.  Ideally, of course, it would be desirable for the validation points to lie exactly on the expected line, although there is some observed variation in some of the cases.  This is primarily due to an insufficient number of TTIs being simulated for each validation point, especially for the link modes where only 4000 TTIs were used for each point, although longer simulations result in much greater computation expense, of course.  Observational evidence (e.g. for QPSK rate 1/3 and rate 1/2) has shown that a better fit between the validation points and the BLER model is obtained if a larger number of TTIs is simulated for each validation point.  In addition, in the cases where there is some variation between the validation points and the expected BLER curves, a majority of the validation points lie below the expected curve.  This implies that the true BLER would in fact be less than or equal to the BLER obtained from the proposed model, thereby implying that the use of the BLER model for system-level simulations might possibly introduce a slight negative bias against OFDM, but would not result in any kind of pro-OFDM bias.
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Figure 3:  Validation points for QPSK rate 1/3 in a 3 km/h channel
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Figure 4:  Validation points for QPSK rate 1/2 in a 3 km/h channel
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Figure 5:  Validation points for QPSK rate 2/3 in a 3 km/h channel
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Figure 6:  Validation points for QPSK rate 3/4 in a 3 km/h channel
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Figure 7:  Validation points for QPSK rate 4/5 in a 3 km/h channel
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Figure 8:  Validation points for 16QAM rate 1/3 in a 3 km/h channel
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Figure 9:  Validation points for 16QAM rate 1/2 in a 3 km/h channel
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Figure 10:  Validation points for 16QAM rate 2/3 in a 3 km/h channel
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Figure 11:  Validation points for 16QAM rate 3/4 in a 3 km/h channel
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Figure 12:  Validation points for 16QAM rate 4/5 in a 3 km/h channel
5 Conclusions

This document has validated the OFDM simulation methodology proposed in ‎[2] and ‎[3], specifically related to the modelling of the BLER as a function of both the receiver C/I and the standard deviation of the OFDM frequency response.  A set of validation plots for each of the QPSK and 16QAM link modes being considered demonstrated a close relationship between the BLER as a function of the C/I and standard deviation.  In addition, the motivation behind developing this enhanced BLER model was described by demonstrating that using the C/I and standard deviation to determine the expected BLER yielded greater accuracy than just using the C/I alone to estimate the expected BLER for a given channel instantiation.  The proposed OFDM BLER surface modelling as a function of C/I and frequency response standard deviation therefore appears to provide an accurate and computationally-efficient approach for conducting OFDM system-level performance evaluation work.
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