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1 Introduction

The system-level simulation evaluation methodology proposed for the OFDM Study Item in ‎[2] and ‎[3] 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 [image: image1.wmf]G

and instantaneous channel frequency response [image: image2.wmf])
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 may be used in an Effective SIR Mapping (ESM) function [image: image3.wmf])
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 as shown in Figure 1, to provide an effective SIR.  In an AWGN channel, this effective SIR should yield a BLER performance  that is equivalent to that obtained in the original channel model being evaluated (likely a multi-path fading channel), under similar propagation conditions.
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Figure 1: System-level methodology for HSDPA using OFDM modulation
This contribution proposes additional validation results for the exponential ESM proposed for OFDM in ‎[4]. The computation of this exponential ESM function in the system-level simulations, starting from the geometry and the channel frequency response, is also clarified, given that some of these details where missing in ‎[4]. A text is also proposed for inclusion in TR25.892 ‎[1], to establish this ESM as a valid model of the OFDM link-level performance.
2 Calculation of OFDM Subcarrier SIR and Exponential ESM
2.1 Calculation of OFDM Subcarrier 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: image5.wmf])
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).  It is assumed that the fading magnitude Mp(t) and phase θp(t) are constant over the observation interval (i.e. low Doppler), where p represents the multi-path path index. The frequency-selective fading power profile value for the kth subcarrier can be calculated as:


[image: image6.wmf](

)

[

]

2

paths

1

2

2

paths

1

2

å

å

=

-

=

-

=

=

p

T

f

j

j

p

p

p

T

f

j

p

p

p

k

p

p

k

p

e

e

A

M

e

A

M

k

P

p

q

p

q


where 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), fk is the relative frequency offset of the kth subcarrier within the spectrum, and Tp is the relative time delay of the pth path. It is assumed here that the fading profile is normalised such that 
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The geometry [image: image8.wmf]G

 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.  This quantity can be defined as [image: image9.wmf](
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, where Ior is the total received signal power (prior to any receiver processing), Ioc is the total interference power, and No is the thermal noise power measured across the noise bandwidth.

The OFDM cyclic prefix must also be taken into account when calculating the subcarrier 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=57, 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.
Finally, adjustments must also be made based on the percentage of power allocated to the data subcarriers (RD) and the relative numbers of data subcarriers (NSD) to total useful subcarriers (NST) within each TTI.  This scaling factor ensures that the power of each data subcarrier is set properly to ensure that, in total, RD of the transmission power is used by the data subcarriers.  

In summary, the subcarrier 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 OFDM Exponential ESM
In ‎[4], the exponential Effective SIR Mapping (ESM) function is defined as
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where 
[image: image12.wmf]b

 is a parameter that must be optimized from link-level simulation results for every modulation and coding rate combinations. Note that a subset of the Nu useful subcarriers could also be used to evaluate the effective SIR for reasons of computational efficiency.
3 OFDM Exponential ESM Function Validation

In this section, simulation results are presented to corroborate the validation already proposed by Ericsson in ‎[4]. For each point presented on these curves, a channel realization was obtained (from channel models Pedestrian A and B and Vehicular A) and noise was added to measure the error rate for a given SIR. This error rate has then been plotted as a function of the associated exponential ESM, computed from the channel realization and the added noise level. If the exponential ESM is accurate, one would expect these points to lie on the AWGN curves.
3.1 QPSK, Rate 1/2

Presented below are validation results for the proposed exponential ESM for Beta value of 1.8.  This case is QPSK, code rate 1/2. The different colours for the validation points correspond to the different channel models used for the validation (Ped A, Ped B, and Veh A). Also plotted is the AWGN curve for comparison.
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3.2 QPSK, Rate 3/4
Presented below are validation results for the proposed exponential ESM for Beta value of 2.1.  This case is QPSK, code rate 3/4. Also plotted is the AWGN curve for comparison.
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3.3 16-QAM, Rate 1/3

Presented below are validation results for the proposed exponential ESM for Beta values of 7.75, 8, and 8.25. This case is 16-QAM, code rate 1/3. Also plotted is the AWGN curve for comparison.
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3.4 16-QAM, Rate 3/4

Presented below are validation results for the proposed ESM for Beta values of 8, 8.25, and 8.5. This case is 16-QAM, code rate 3/4. Also plotted is the AWGN curve for comparison.
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5 Proposed Text for Appendix A in TR 25.892

5.1 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 ‎[3].

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

A.4.3
Effective SIR Mapping Functions

A.4.3.1
Effective SIR Mapping Function for WCDMA

A.4.3.2
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.4.3.2.1
OFDM Exponential Effective SIR Mapping

The OFDM subcarrier SIR for an OFDM receiver may be calculated at the system-level as a function of the subcarrier power (which is a function of the channel’s current frequency response), the current geometry ([image: image21.wmf]G

), 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):
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Assuming that the multi-path fading magnitudes Mp(t) and phases θp(t) are constant over the observation interval,  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, 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), fk is the relative frequency offset of the kth subcarrier within the spectrum, and Tp is the relative time delay of the pth path. It is assumed here that the fading profile is normalised such that [image: image24.wmf](
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The effective SIR mapping for these channel conditions can then be computed as
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where 
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 is a parameter that must be optimized from link-level simulation results for every modulation and coding rate combination. Note that a subset of the Nu useful subcarriers could also be used to evaluate the effective SIR for reasons of computational efficiency.
-------------------------------END of the TEXT --------------------------------------






































































































































































































































































































































































































� The OFDM noise bandwidth is equivalent to the product of the subcarrier separation and the number of useful subcarriers per OFDM symbol.
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