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1 Introduction

The system-level simulation evaluation methodology proposed for the OFDM Study Item in ‎[3] and ‎[6] proposes to map the current transmission channel conditions for each user within a given TTI to an effective SIR value that may then be used with a set of BLER curves generated for an AWGN channel.  Specifically, the geometry 
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and instantaneous channel frequency response 
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 as shown in Figure 1 to provide an effective SIR that will yield equivalent BLER performance in an AWGN channel as would be obtained for the observed conditions in the original channel model being evaluated (likely a multi-path fading channel).

This contribution proposes an approach for generating a SIR mapping function for the evaluation of OFDM at the system-level using the above approach.  The derivation of the mapping function is based on results from link-level simulations in order to ensure modelling accuracy.  Additional validation results from link-level simulations are also included to demonstrate the accuracy of the proposed SIR mapping function approach.
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Figure 1: System-level methodology for HSDPA using OFDM modulation
OFDM Effective SIR Mapping Function Description

As described in ‎[4], when a slowly varying (e.g. 3 km/h) transmission channel is evaluated with WCDMA, each symbol at the output of the receiver (e.g. Rake, MMSE) will have the same post-receiver SIR as all of the other symbols in that TTI.  Consequently, the post-receiver SIR is sufficient to characterize the BLER performance of the turbo decoder in this case, and the post-receiver SIR may thus be used directly with AWGN BLER curves to model link-level performance in a WCDMA system-level simulator as described in ‎[7].

Conversely, as also described in ‎[4], the symbols at the output of an OFDM receiver do not have identical post-receiver SIR values within the same TTI, due to the effect of the channel’s frequency selectivity on the OFDM subcarriers.  (See Figure 2 for an example of the relative range of a channel’s frequency response.)  As a result, an enhanced BLER model for more accurately emulating OFDM link-level performance within a system-level simulator was described in ‎[4] and validated in ‎[5].  This model accounted for the effects of a frequency-selective fading channel on the OFDM subcarrier spectrum by modelling the expected TTI BLER as a function of both the SIR and the standard deviation of the transmission channel’s frequency response.  For each link mode, a three-dimensional mesh plot function such as that shown in Figure 3 (for QSPK rate 4/5 in a 3 km/h channel) was generated from link-level simulation results.  The simulated transmission channel being modelled in the system-level simulator could then be used to determine the current post-receiver SIR and frequency response standard deviation for a given TTI, which could then be used to obtain the expected TTI BLER for those channel conditions by interpolating between the appropriate points (e.g. nearest neighbours) in the rectangular mesh plot.

The system-level simulation methodology described in ‎[3] and ‎[6] proposes to map the current conditions for a frequency-selective channel (as defined by the geometry 
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and instantaneous channel frequency response 
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) for a user to an effective SIR value that is then used with a set of reference AWGN BLER curves for link mode selection and transmitted block error determination.  This simulation approach is illustrated in Figure 1, where the SIR mapping function being proposed in this contribution would be used in the central box that links the “System level” module with the “Link level” module.

For the OFDM BLER model described in ‎[4], this system-level simulation approach would therefore require the definition of a mapping function 
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 that maps a given pair of post-receiver SIR and frequency response standard deviation values
 to an effective SIR value.  Essentially, for example, this would correspond to mapping the three-dimensional BLER mesh plot from Figure 3 to the corresponding two-dimensional AWGN BLER curve for QPSK rate 4/5 shown in Figure 4.
  This mapping function should, of course, be based on actual link-level simulation results in order to provide an accurate model of true link-level performance at the system-level.

The algorithm for mapping the current channel conditions in an OFDM system-level simulator to an effective SIR that can then be used to determine the expected BLER from AWGN curves can be described as follows.

1. Compute a SIR adjustment value for each distinct point (each of these points is represented by the intersection of two lines in Figure 3) on the mesh plot for each link mode.

2. Calculate the effective SIR values by adding each SIR adjustment value from Step ‎1 to the corresponding post-receiver SIR for that mesh plot point.  These first two steps only need to be performed once prior to beginning any system-level simulations.

3. For a given TTI and user within a system-level simulation run, evaluate the current post-receiver SIR and frequency response standard deviation from the current geometry and channel conditions.  (The equations for calculating these quantities are given in Section ‎3.)

4. Estimate the effective SIR for the current channel conditions via bilinear interpolation from the four closest points on the effective SIR mesh that was calculated in Step ‎2.

5. Use the effective SIR value to look up the expected BLER from the reference AWGN BLER curve for the appropriate link mode.

It now remains to define the calculation of the SIR adjustment value referred to in Step ‎1 of the algorithm described above.  It is logical to assume that a given BLER point from the mesh plot should be mapped to a corresponding position on the AWGN BLER curve with the same BLER value.  This can be illustrated by considering a sample cross section taken from the BLER mesh plot in Figure 3 (for a standard deviation value of 5 dB), as shown in Figure 4.  This figure shows two BLER curves, with the AWGN curve on the left and the cross section curve from the mesh plot on the right.  Each distinct point on the mesh plot curve is mapped to the corresponding BLER value on the AWGN curve as shown by the dashed arrows, and the horizontal distance in dB for each mapping is calculated.  Note that the AWGN BLER curve has been extrapolated where necessary to ensure a complete mapping.  As can be seen, the differing slopes of the two BLER curves results in different SIR adjustment values for each distinct point on the BLER mesh plot.  The use of these varying SIR adjustments over the considered range of SIR and standard deviation values provides greater modelling accuracy than would the use of one single averaged SIR adjustment value for each link mode.

For further clarification, Section ‎4 provides a detailed example of the calculation and use of the SIR adjustment values for the mapping to AWGN BLER curves.
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Figure 2:  Sample channel frequency response (Pedestrian B)
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Figure 3:  Sample three-dimensional mesh plot of BLER as a function of post-receiver SIR and frequency response standard deviation (QPSK rate 4/5 in a 3 km/h channel)
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Figure 4:  Sample calculation of SIR adjustment values from 3 km/h BLER mesh plot to AWGN BLER curve

2 Calculation of OFDM Post-Receiver SIR and Frequency Response Standard Deviation

2.1 Calculation of OFDM Post-Receiver SIR

The effect of a fading channel on the received OFDM signal power may be calculated by examining the current frequency response profile of the channel (
[image: image11.wmf])
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).  The frequency-selective fading power profile value for the kth subcarrier can be calculated as:
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where p represents the multi-path path index, Mp(t) is the fading magnitude value for the pth path at time t, Ap is the amplitude value corresponding to the long-term average power for the pth path (assuming that the sum of the long-term path powers in the channel model has been normalized), θp(t) is the current phase rotation induced by the fading for path p at time t, fk is the relative frequency offset of the kth subcarrier within the spectrum, and Tp is the relative time delay of the pth path.  The mean instantaneous effect of a fading channel on the received signal power may then be calculated by averaging the above subcarrier power values over a number of subcarriers (either the full set of subcarriers in use, or else a smaller representative number of subcarriers for reasons of computational efficiency).

The geometry 
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 accounts for all of the other factors that affect the received SIR, such as path loss, shadowing, interference from other base stations, thermal noise, etc.

Finally, the OFDM cyclic prefix must be taken into account when calculating the post-receiver SIR from the channel conditions and geometry.  A small fraction of the received signal energy is lost when the cyclic prefix is removed.  If N is the number of samples in the FFT and Np is the number of additional samples in the cyclic prefix, then the signal power should be scaled by a factor of N/(N+Np) to account for the removal of the cyclic prefix.  For OFDM parameter set 1 ‎[1], N=512 and Np=58, which results in a signal power reduction of approximately 0.46 dB.  For OFDM parameter set 2 ‎[1], N=1024 and Np=64, which results in a signal power reduction of approximately 0.26 dB.
In summary, the post-receiver SIR for an OFDM receiver may be calculated at the system-level as:
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which would then, of course, be converted to dB.
2.2 Calculation of the Frequency Response Standard Deviation

The standard deviation of the amplitude of the channel frequency response across the useful sub-carriers must also be calculated in the log domain (i.e. in dB).  First, the channel frequency response is determined as already shown in Section ‎3.1, and then the amplitude of this channel frequency response is calculated and converted to dB.  Figure 2 illustrates a sample channel frequency response, with the amplitude of the channel frequency response in dB plotted as a function of the subcarrier index (with 1024 subcarriers in this example, as would be the case for OFDM parameter set 2).  Let HdB(k) represent the amplitude of the channel frequency response (in dB) as a function of subcarrier index k (k = 1,…,kmin,…,kmax,…,N, where N is the number of subcarriers in the entire band (i.e. the FFT size)).  Not all of the subcarriers are used to carry traffic, however.  Let kmin and kmax represent the indices defining the range of useful subcarriers, and let Nu represent the number of useful subcarriers (Nu = kmax – kmin + 1).  The standard deviation can then be computed by using the standard equation for calculating this quantity:
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where 
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 is the mean of the log amplitude of the channel frequency response across the useful subcarriers. Note that, as already mentioned in Section ‎3.1, a subset of the Nu useful subcarriers could also be used to evaluate the standard deviation for reasons of computational efficiency.

3 Example of OFDM Effective SIR Mapping Function Calculation and Use

This section provides an example of the calculation and use of the proposed OFDM effective SIR mapping function for the sample QPSK rate 4/5 link mode.

The first step is use the approach illustrated in Figure 4 to compute the SIR adjustment values from the BLER mesh plot for the original frequency-selective channel (Figure 3) and the corresponding AWGN BLER curve (Figure 4).  The results of this process are shown in Figure 5.

The second step is to use the information from Figure 5 to calculate the effective SIR values over the entire range of post-receiver SIR and standard deviation values being considered.  For each distinct pair of post-receiver SIR and standard deviation values, the effective SIR can simply be obtained by adding the SIR value to the SIR adjustment value for that post-receiver SIR and standard deviation combination.  A sample result of this operation is shown in Figure 6.  Note that the graphing direction of the SIR axis has been reversed here so that the plotted function may be more easily seen.

Within an OFDM system-level simulator, the current post-receiver SIR and frequency response standard deviation would be calculated for each user during each TTI as detailed in Section ‎3.  It is then a simple matter of using the effective SIR mapping data for a desired link mode (as shown in Figure 6) to directly look up the effective SIR value for the current SIR and standard deviation, using bilinear interpolation on the mesh plot where necessary.  The effective SIR thus obtained may then be used with the appropriate AWGN BLER curve to determine whether or not the current TTI is in error, for example.
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Figure 5:  SIR adjustment values for QPSK rate 4/5 (OFDM)
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Figure 6:  Effective SIR values for QPSK rate 4/5 (OFDM) after the SIR mapping function has been applied
4 OFDM Effective SIR Mapping Function Validation

The OFDM BLER model validation previously presented in ‎[5] contained a number of individually generated validation points representing observed long-term BLERs for a given channel instantiation (i.e. a fixed post-receiver SIR and frequency response standard deviation) that were compared with the proposed BLER model.  Close agreement between the validation points and a particular BLER model provides confidence in the validity of the model being considered.  The validation points from ‎[5] may also be used here to validate the SIR mapping function proposed in Section ‎2.

Figure 7 and Figure 8 show the results of applying the SIR mapping function to the validation points for the QPSK and 16QAM link modes, respectively.  The horizontal axis (Effective SIR) represents the SIR for an AWGN channel.  The solid line for each link mode represents the corresponding AWGN BLER curve, while the validation points for that same link mode are plotted in the same colour.  The dashed lines on each side of each BLER curve represent the 90% “confidence interval” (i.e. 90% of the mapped validation points lie between the two dashed lines for a given link mode).

As can be seen, the majority of the mapped validation points fall reasonably close to the corresponding AWGN BLER curve.  The “confidence intervals” for the validation points are typically only 0.5 dB or less in width for most cases.  It would therefore appear that the effective SIR mapping approach proposed here for OFDM provides an accurate component for the system-level simulation methodology described in ‎[3] and ‎[6].
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Figure 7:  Validation points for QPSK link modes after the effective SIR mapping has been applied
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Figure 8:  Validation points for 16QAM link modes after the effective SIR mapping has been applied

5 References

[1] 3GPP TSG-RAN-1, “TR 25.892: Feasibility Study for OFDM for UTRAN Enhancement”, Version 0.4.1, October/2003.

[2] 3GPP TSG-RAN-1, Nortel Networks, “Nortel Networks’ Reference Simulation Methodology for the Performance Evaluation of OFDM/WCDMA in UTRAN”, Document R1-03-0785, Meeting #33, New York City, NY, USA, August 25-29/2003.

[3] 3GPP TSG-RAN-1, Ericsson, “Considerations on the system-performance evaluation of HSDPA using OFDM modulation”, Document R1-03-0999, Meeting #34, Seoul, South Korea, October 6-10/2003.

[4] 3GPP TSG-RAN-1, Nortel Networks, “Further Explanation of the Proposed Enhanced Simulation Methodology for OFDM”, Document R1-03-1083, Meeting #34, Seoul, South Korea, October 6-10/2003.

[5] 3GPP TSG-RAN-1, Nortel Networks, “Validation of the Proposed Enhanced Simulation Methodology for OFDM”, Document R1-03-1084, Meeting #34, Seoul, South Korea, October 6-10/2003.

[6] 3GPP, TSG-RAN1, Nortel Networks, “System-Level Simulation Methodology for the OFDM SI”, Document R1-03-1297, Meeting #35, Lisboa, Portugal, November 17-21, 2003.

[7] 3GPP, TSG-RAN1, Nortel Networks, “Effective SIR Computation for WCDMA System-Level Simulations”, Document R1-03-1299, Meeting #35, Lisboa, Portugal, November 17-21, 2003.

6 Proposed Text for Appendix A in TR 25.892

6.1 Proposed Text for A.4.3

The following text proposes an effective SIR mapping function to be used for OFDM system-level evaluation.  Note that this text is intended to be juxtaposed with the text proposal on system-level simulation methodology contained in ‎[6].

-------------------------------START of the TEXT --------------------------------------

A.x
Basic System-Level Evaluation Methodology
A.x.x
Effective SIR Mapping Functions

A.x.x.1
Effective SIR Mapping Function For WCDMA

A.x.x.2
Effective SIR Mapping Functions for OFDM

This section contains proposed mapping functions for mapping the current channel conditions in an OFDM system-level simulator to an effective SIR that can then be used to determine the expected BLER from AWGN curves.
A.x.x.2.1
Effective SIR Mapping for OFDM Based on Post-Receiver SIR and Frequency Response Standard Deviation
One possible effective SIR mapping function for use with OFDM system-level simulations is based on the post-receiver SIR and the standard deviation of the transmission channel’s frequency response, and can be described as follows.

The three steps given below only need to be performed once prior to beginning any system-level simulations.

1. For each channel model and link mode, determine an appropriate range of post-receiver SIR values and frequency response standard deviation values to be modelled.

2. Compute a SIR adjustment value for each of a set of representative points covering the above range and preferably arranged in a rectangular mesh.  These SIR adjustments may be calculated by matching equivalent BLER values between a BLER mesh plot (BLER given as a function of post-receiver SIR and frequency response standard deviation) obtained from link-level simulations and a reference AWGN BLER curve.

3. Calculate the effective SIR values by adding each point’s SIR adjustment value from Step ‎2 to the corresponding post-receiver SIR for that point.

The above effective SIR mapping may then be used within an OFDM system-level simulation via the following steps.

1. For a given TTI and user, evaluate the current post-receiver SIR and frequency response standard deviation from the current geometry and channel conditions (as detailed below).

2. Estimate the user’s effective SIR for the current channel conditions via bilinear interpolation from the four closest points on the effective SIR mesh that was calculated previously.

3. Use the estimated effective SIR value to look up the expected BLER from the AWGN BLER curve for the appropriate link mode.

The post-receiver SIR for an OFDM receiver may be calculated at the system-level as a function of the average subcarrier power (which is a function of the channel’s current frequency response), the current geometry, the FFT size, and the cyclic prefix length:
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where the frequency-selective fading power profile value for the kth subcarrier can be calculated as:
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where p represents the multi-path path index, Mp(t) is the fading magnitude value for the pth path at time t, Ap is the amplitude value corresponding to the long-term average power for the pth path (assuming that the sum of the long-term path powers in the channel model has been normalized), θp(t) is the current phase rotation induced by the fading for path p at time t, fk is the relative frequency offset of the kth subcarrier within the spectrum, and Tp is the relative time delay of the pth path.

The standard deviation of the amplitude of the channel frequency response across the useful sub-carriers can be calculated in the log domain (i.e. in dB) as:
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where kmin and kmax represent the indices defining the range of useful subcarriers, Nu represents the number of useful subcarriers (Nu = kmax – kmin + 1), and 
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 is the mean of the log amplitude of the channel frequency response across the useful subcarriers.

-------------------------------END of the TEXT --------------------------------------







































































































































































































































































































































































































� Note that this strategy only applies for low velocity (e.g. 3 km/h) channels.


� Both of these quantities are direct functions of the geometry and channel frequency response.


� The OFDM BLER mesh and AWGN BLER curve shown here as an example were both generated using the link-level simulation assumptions contained in � REF _Ref48033070 \r �‎[1][1]� and � REF _Ref55890146 \r �‎[2][2]�.
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