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1 Introduction

The system-level simulation evaluation methodology proposed for the OFDM Study Item in ‎[3] and ‎[4] 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 impulse response 
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 may be used in a mapping function 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).
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Figure 1: System-level methodology for HSDPA release 5

This contribution proposes a suggested approach for generating a SIR mapping function for the evaluation of WCDMA 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.  Details are also provided on the accurate estimation of the current SIR (required for calculating the effective SIR) for a multi-path fading channel model in a system-level simulator for two WCDMA receivers: Rake and MMSE chip equalization.
2 WCDMA Effective SIR Mapping Function Description
The algorithm for mapping the current channel conditions in a WCDMA 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. Calculate the current post-receiver (or effective) SIR for each user, based on that user’s current geometry and channel conditions.  Further details on these calculations for the Rake and MMSE receivers are given in Section ‎3.

2. Use the effective SIR value to look up the expected BLER from the AWGN BLER curve for the appropriate link mode.
3 Effective SIR Estimation for WCDMA Receivers
In the effective SIR mapping for WCDMA system-level simulations that is described in Section ‎2, it is necessary to be able to estimate the post-receiver SIR for a given TTI for a given receiver model.  The inputs to this calculation are the geometry and the current channel conditions (i.e. the fading conditions on each path of a multi-path channel model).  Since the post-receiver SIR is measured at the output of the receiver (and therefore at the input to the CCTrCH decoder), different receiver models will result in different post-receiver SIR values for the same input geometries and channel conditions.
In the following sections, suggested approaches for accurately estimating the post-receiver SIR in a WCDMA system-level simulator are proposed for the Rake and MMSE receivers.  In each case, only one antenna at the transmitter and receiver is assumed.
3.1 WCDMA with a Rake Receiver

A Rake receiver has the receiver structure shown in Figure 2.
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Figure 2:  Rake receiver structure
The received signal r(t), is passed through a root-raised-cosine filter and then through J fingers. In each finger (j= 1,…,J), the signal is delayed by the respective delay dj, and then despread with the conjugate of the combined scrambling and spreading code. The output of finger j is labelled y(dj). The fingers are then combined with the conjugate of the combining weights w = [w1,…,wJ]T to yield the receiver output z.
Reference ‎[6]
 describes a signal model for this receiver structure and it is this signal model with its set of assumptions that are used in the post-receiver SIR determination. Reference ‎[6] demonstrates that the vector of finger outputs, y = [y(d1),…,y(dJ)]T, may be expressed as the sum of a signal part and a noise plus interference part. Mathematically, 
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 s is the desired symbol, h is the channel response vector, and u models the overall noise and interference. The vector u is assumed to consist of complex Gaussian random variables with zero mean and covariance:

[image: image6.wmf]{

}

.

H

u

E

uu

R

=


The channel response vector for delay dj is given by the expression:
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where,

· E0 is the energy of the desired symbol (the symbol s itself is assumed to be normalized, i.e. 
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),

· L is the number of channel paths,

· 
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 is the complex gain of the ℓth path (ℓ=1,…,L),

· 
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 is the delay of the ℓth path, and

· Rp(dj - tℓ) is the autocorrelation of the pulse shape evaluated at the difference in delay between the jth finger and the ℓth path.

The output signal may therefore be expressed as:
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leading to the following expression for the post-receiver SIR:
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The following section explains how to calculate Ru. For the Rake receiver, the weight vector is given simply by:
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The effective SIR can therefore be re-written as:
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3.1.1 Calculation of the Covariance Matrix, Ru
The calculation of the total noise plus interference covariance matrix Ru is as described in reference ‎[6]. To summarize this development, the total covariance matrix consists of the sum of three other covariance matrices:
[image: image68.wmf].
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In this equation,

· RISI is the covariance of the inter-symbol interference,

· RMCI is the covariance of the multi-code interference,

· Rn is the covariance of the noise,

· ETOT  is the total energy in the transmitted symbols, and

· No is the one-sided power spectral density of the noise.

Each of the covariance matrices is a J x J matrix. The element in the ISI covariance matrix corresponding to the covariance between the fingers at delays d1 and d2 is expressed as:
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Here, Tc is the chip rate, and SF is the spreading factor of the desired symbol.

A similar expression is derived in reference ‎[6] for the multi-code interference (it is considered as multi-user interference in ‎[6]):
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As explained in reference ‎[7], the summations over i and m in the ISI and MCI covariance expressions may be limited to a practical range since the pulse autocorrelation function is significant only over a limited range of relative delays.

The element (d1, d2) of the noise covariance matrix, Rn, is simplified in reference ‎[6] to the following function of the pulse autocorrelation
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3.2 WCDMA with an MMSE Receiver
It has been proposed by many in RAN1 to consider the MMSE chip-level equalizer as a reference advanced receiver for the comparison with OFDM and WCDMA-Rake ‎[8]

 REF _Ref56420419 \r \h 
‎[9]. The effective SIR (i.e. post-receiver) computation is therefore proposed in this section. The notation used herein is taken from ‎[10]. The equations themselves are compatible with generally accepted MMSE modelling (see ‎[9], ‎[10] and ‎[11]). Alternatively, the simplified approach proposed in ‎[9] could also be used.
3.2.1 Calculation of MMSE Receiver Coefficients

The received WCDMA signal can be modelled as:
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where 
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denotes the 
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th sample of the 
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th chip of received signal. 
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is the over-sampling factor at the receiver.  
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 is the span of the equalizer as measured in chips.  
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is a matrix formed by the current channel impulse response as shown below:
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where 
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 are the channel coefficients corresponding to the pth over-sampling of the lth chip.  L is the delay spread of the channel as measured in chips.  
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 is a vector composed of the chip-rate transmitted signal. 
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 is a vector containing zero mean additive Gaussian noise with variance of
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The MMSE solution finds a set of coefficients 
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 is assumed to be the delay between the time when the signal of interest, 
[image: image44.wmf]d)

x(k

+

, is transmitted and the time when it arrives at the output of the MMSE filter. The following simplifying assumptions are made:
· There is no correlation between the transmitted signal and the noise.
· The noise is white.
· There is no correlation within the transmitted signal itself.
With these assumptions the Weiner solution for this problem may be easily derived as:
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where 
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 is the variance of the transmitted signal (assuming its mean is zero). 
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is an identity matrix of size 
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3.2.2 Estimation of Post-Receiver SIR at the System-Level for the MMSE Receiver
Using the MMSE coefficients as calculated above, the MMSE filtering output can be formulated as:
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where hi is the ith column of the matrix . The first term 
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is the signal of interest after the transmission channel response and MMSE filtering have been applied.  The second summation term 
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 represents the other transmitted signals after the transmission channel and MMSE filtering, and is considered to be intra-cell interference.  The third term 
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 is the MMSE filtered AWGN noise, which would include additive noise at the receiver and the interference from other cells (inter-cell interference). 

Assuming that there is no correlation between the AWGN noise and the transmitted signal at different instances, the SIR at the receiver output after MMSE filtering can be calculated as:
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where 
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 is the variance of the transmitted signal. This expression for SIR is an energy-per-chip to noise plus interference density ratio. This can be converted to an energy-per-symbol to noise plus interference density ratio with the expression
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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 WCDMA system-level evaluation.  Note that this text is intended to be juxtaposed with the text proposal on system-level simulation methodology contained in ‎[4] and the text proposal on an effective SIR mapping function for OFDM contained in ‎[5].
-------------------------------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.1.1
Effective SIR Mapping Function for WCDMA RAKE Receivers

The vector of finger outputs for a RAKE receiver, y, may be expressed as a sum of a signal part and a noise plus interference part as follows
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Here,[image: image69.wmf] s is the desired symbol, h is the channel response vector, and u models the overall noise and interference. The vector u is assumed to consist of complex Gaussian random variables with zero mean and covariance:
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The channel response vector for the finger with delay dj is given by the expression:
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where,

· E0 is the energy of the desired symbol (the symbol s itself is assumed to be normalized, i.e. 
[image: image60.wmf]1
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),

· L is the number of channel paths,

· 
[image: image61.wmf]l
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 is the complex gain of the ℓth path (ℓ=1,…,L),

· 
[image: image62.wmf]l
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 is the delay of the ℓth path, and

· Rp(dj - tℓ) is the autocorrelation of the pulse shape evaluated at the difference in delay between the jth finger and the ℓth path.

The calculation of the total noise plus interference covariance matrix Ru is as described in reference ‎[1]. To summarize this development, the total covariance matrix consists of the sum of three other covariance matrices:
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In this equation,

· RISI is the covariance of the inter-symbol interference,

· RMCI is the covariance of the multi-code interference,

· Rn is the covariance of the noise,

· Eo  is the transmitted energy in the desired symbol, 

· ETOT  is the total energy in the transmitted symbols, and

· No is the one-sided power spectral density of the noise.

With h and Ru defined, the effective SIR for a RAKE receiver may be calculated as
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A.x.x.1.2
Effective SIR Mapping Function for WCDMA MMSE Receivers

The SIR at the receiver output after MMSE filtering can be calculated as:
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where 
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x

d

 is the variance of the transmitted signal and  
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 is the additive Gaussian noise variance. wd is the vector of MMSE equalizer tap coefficients and hi is the ith column of the channel response matrix (see ‎[1] for the details). E is the span of the equalizer, in chips, and L is the delay spread of the channel. The above expression for SIR is an energy-per-chip to noise plus interference density ratio. This can be converted to an energy-per-symbol to noise plus interference density ratio with the expression
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A.x.x.2
Effective SIR Mapping Functions for OFDM

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

-------------------------------START of the TEXT for Reference Section--------------------------------------

[1] 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.

-------------------------------END of the TEXT --------------------------------------
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� Although reference � REF _Ref56403014 \r �‎[6]� analyzes the G-Rake (Generalized Rake) receiver, a Rake receiver can be considered to be a special case of a G-Rake with the following changes: fewer fingers (the number of Rake fingers should equal the number of paths in the channel model), finger delays corresponding to the channel model path delays, and different combining weights.
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