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1 Summary

It has been suggested by RAN-1 that the impact of Node B impairments should be incorporated in the performance evaluation and that the current transmitter error vector magnitude (Tx EVM) specifications should be used as the basis for these Node B impairments. This document models the EVM as a white, complex Gaussian noise signal added to the output of the transmitter with a noise density proportional to the total transmitter power.

For the WCDMA receivers, the RAKE and MMSE, the resulting SIR at the output of the receiver may be approximated by the expression
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where SIRno EVM  is the SIR as determined without the EVM, and SIREVM is a constant value (equal to 17.4 dB for a typical set of parameters).
For an OFDM receiver, the SIR on each sub-carrier m is modelled with the same type of expression
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again with SIRm,EVM being a constant value (equal to 17.1 dB for a typical set of parameters and with OFDM parameter set 2). In the OFDM case, once the SIR is determined for all of the sub-carriers, the effective SIR may be computed with, for instance, the exponential mapping
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2 Introduction

It has been suggested by RAN-1 that current transmitter error vector magnitude (Tx EVM) specifications should be used to assess the impact of Node B impairments for the performance evaluation. This contribution discusses the Tx EVM and how this impacts the post-receiver SIR computation for both WCDMA and OFDM receivers. After a brief discussion of the definition of the EVM, the following sections will examine modelling the Tx EVM in the RAKE receiver, MMSE receiver, and OFDM receiver.
A text proposal regarding inclusion of the effects of Tx EVM in the simulation methodology follows the main text.

2.1 Definition of the Error Vector Magnitude (EVM)

The Tx EVM is a measure of the error introduced in the signal due to imperfections in the transmitter. The EVM for WCDMA is defined in ‎[1]. The transmitter under test has its signal passed through the receiver root-raised cosine (RRC) filter and sampled at the inter-symbol-interference (ISI) free instants. This chip-rate signal out of the RRC filter is compared to a reference signal representing the ideal error free received signal. If E is the error vector between the measured and reference signal, and R is the reference vector, the EVM is calculated according to
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Note that the EVM is expressed a percentage. Another way to look at the EVM is that the power in the error signal is equal to the power in the reference signal times (EVM)2 (divided by 100%).

As illustrated in Figure 1 It is proposed to model the Node B impairments in both the WCDMA and OFDM systems by an additive white complex Gaussian noise source at the output of the transmitter. Let the power spectral density of this noise source be expressed NEVM.
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The noise density is determined as a function of the transmitter power as expressed in the definition of the EVM above. A more specific expression for NEVM is derived in the following section. In order to utilize the same value of EVM for WCDMA and OFDM systems, the same noise density, as a function of the total transmit power, will be utilized. The value assumed for EVM is 12.5% which is the specified maximum permitted when 16-QAM modulation is used, as per RAN-1 guidance.

3 Determination of NEVM
The EVM is defined in a WCDMA system by comparing the output of the receiver RRC filter to the ideal reference signal. Following the notation of ‎[2] and adapting it to the multi-code transmission of HSDPA, the received signal into the RRC filter, r(t), may be expressed as a sum of the waveforms of each of the transmitted codes and the Tx EVM noise signal 
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where, the transmitted signals indexed with k=0,…,K-1 refer to the data-carrying signals, and the signal indexed by k=K is the pilot. K is then the number of codes used to carry data. The EVM noise is assumed white and complex Gaussian with power spectral density NEVM.
Defining 
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Here, 
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 is the average symbol energy on code k,
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 is the symbol duration of a symbol on code k,
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 is the complex spreading code value for the jth chip of symbol i for code k, and


[image: image17.wmf])

(

t

R

p

 is the chip pulse shape autocorrelation function defined as
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Sampling 
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 at the ISI-free instants yields the chip-rate signal
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The signal part of this expression is uncorrelated with the noise part and so the signal power is simply the sum of the symbol energies of each of the codes divided by their respective spreading factors and, times the chip rate, Fc. Therefore, the total transmit signal power is
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and the EVM noise power is given by
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Therefore, the SIR and its relationship to the EVM, by definition of the EVM, is
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Therefore, the noise density of the Tx EVM, as a function of the total transmit power, Px, is
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The same noise density will be utilized for all of the systems: RAKE, MMSE, and OFDM.

4 EVM with RAKE Receiver

4.1 Theory

The WCDMA signal model follows that of ‎[2] adapted to the multi-code transmission of HSDPA. The system model is shown in Figure 2 where, here, the transmission of K+1 codes is illustrated (K of the codes are data codes, and one is for the pilot). These separate transmissions which have had the spreading, scrambling, and pulse shaping applied are summed together to form the transmit signal. To the transmit signal is added the Tx EVM noise signal which is white and complex Gaussian with power spectral density NEVM. The signal is passed through the channel g(t) which is a time-varying signal but assumed to be static over the time duration of interest. Finally, additive white Gaussian noise is added, representing the effects of intercell-interference and thermal noise, giving the signal to the input of the receiver, r(t).
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Figure 2: WCDMA system model.

Figure 2 shows the RAKE receiver structure. The input signal is split into each of the RAKE fingers where the signal is delayed by the appropriate finger delay and then correlated with the spreading waveform to give the vector of finger outputs 
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. The finger outputs are weighted and combined to give the receiver output signal, z.
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Going back to the system model, the transmitted signal on code k (k = 0,…,K) can be expressed as
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where, 
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 is the symbol-period-dependent spreading waveform defined by
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The transmit signal, after addition of the Tx EVM noise, is passed through a multi-path propagation channel with impulse response
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where L is the number of paths, and 
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 and 
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 are respectively the complex-valued channel coefficient and delay for the 
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th path. The received signal, r(t), can be expressed as
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The time-continuous output of the spreading waveform matched filter for symbol 0 of code 0 (our arbitrary symbol of interest) is
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where, Rk,i(t) is the cross-correlation function between the spreading waveform of the ith symbol of code k with the 0th symbol of code 0, defined by
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The signal y(t) can be re-written as the sum
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where, yd(t) is a term that scales the desired symbol
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yISI(t) is an inter-symbol interference term
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yMCI(t) represents the effects of multi-code interference (with 
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 being the total symbol energy of the intracell interference)
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and 
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 encapsulates the effects of the thermal and inter-cell interference
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In the receiver the matched filter output is sampled at the finger delays (d1,…,dJ) giving the vector of finger outputs 
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. The vector of finger outputs can therefore be represented as a sum of vectors
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with each vector representing the appropriate continuous-time functions sampled at the finger delays. This equation can be simplified to a simple expression that shows that the vector of finger outputs is constituted by a scaled version of the symbol of interest and an additive vector of interference terms
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Here we have defined the response vector
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and the vector u, that includes the cumulative effect of all of the sources of degradation,
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The vector u is assumed to be a vector of complex-valued Gaussian noise with zero mean and covariance 
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. The signal-to-interference-plus-noise ratio (SIR) at the output of the RAKE combiner may then be expressed
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The key to computing the SIR is therefore the determination of the covariance matrix of u. Assuming that yISI, yMCI, n’EVM, and n’ are uncorrelated, the covariance matrix of u is 


[image: image52.wmf].

'

0

'

0

n

n

EVM

MCI

I

ISI

u

N

N

E

E

EVM

R

R

R

R

R

+

+

+

=


References ‎[2] and ‎[3] detail how to calculate RISI, RMCI, and Rn’ and so here the focus is on the additional matrix term for the Tx EVM, 
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The SIR may therefore be expressed as 
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where, with the RAKE weight vector being 
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Assuming that the symbol energy on each code is the same, equal to E0, then 
[image: image58.wmf]÷

÷

ø

ö

ç

ç

è

æ

=

traff

x

c

x

P

P

SF

K

E

F

P

0

0

 (where 
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Note that for EVM=12.5%, K=15, SF0=16, and 
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4.2 Practical Significance

The expression derived for the effect of the EVM in the post-receiver SIR is, in general, a function of the channel. For a flat channel, SIREVM equals its maximum value of 17.4 dB. Figure 4 shows the value of SIREVM for 1000 instantiations of the flat, pedestrian A, and pedestrian B channel models. Clearly, only for the flat channel is the maximum value of 17.4 dB achieved and the more dispersive pedestrian B channel has, on average, lower SIREVM values than the pedestrian A channel. 
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For the RAKE receiver, however, the combination of the multi-code and inter-symbol interference generally dominates the performance in dispersive channels. In these cases, even for very high geometries, the SIR is dominated by the SIRno EVM term with the SIREVM term contributing very little. Figure 5 demonstrates this for multiple instantiations of the pedestrian A and pedestrian B channels. Here, the geometry is set to infinity and the ratio of SIREVM is to SIRno EVM is plotted for many channel instantiations of the two dispersive channels, pedestrian A and B. Note that setting the geometry to infinity means that the only effect in SIRno EVM is from multi-code and inter-symbol interference.
[image: image113.png]SIR (d8)

SIR Model vs Computed SIR for Multiple Channel Madels

Eil
15
10
5
0
© Flat
x PedA
5 © PedB
—-17.4d8
— SIRmadel
g H I
-0 5 [i] 5 10 15 Eil E3

SIR, (@8)

o Evi

0



[image: image114.png]SIR (d8)

SIR Model vs Computed SIR for Multiple Channel Models (MMSE)

Eil
15 : : 4
10
5
< PedA
© PedB
0 © Flat
— SIR Madel
—- 17448
[i] 5 10 15 Eil E3 0

SIR, (8)

o Evi




So, to summarize, for the RAKE reciever in dispersive channels, the SIR is dominated by SIRno EVM. In flat channels, however, at high enough geometries, the SIREVM term is dominate but when the channel is flat SIREVM is constant. The net practical effect is that the SIREVM can be modeled as a constant value and the overall SIR can be well-approximated by
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For the parameter values stated earlier SIREVM is the constant value 17.4 dB. Figure 6 shows how this approximate model of the SIR as a function of SIRno EVM (the solid line) fits the computed overall SIR values when the EVM is taken into account. Note how, for the pedestrian A and B cases, the relationship is linear and only for the flat channel and for those few pedestrian A channel instantiations where the channel is near flat does the relationship start to bend towards a fixed upper bound.
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5 EVM with MMSE
5.1 Theory

Following the signal model and notation of ‎[4] the received vector of signal samples at time k to the MMSE equalizer may be expressed as 
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or, more succinctly,
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Here, the transmitted chip samples are x(k), hp(ℓ-1) (ℓ=1,…,L;  p=1,…,P) is the channel coefficient for the ℓth chip, pth oversample, L is the delay spread of the channel in chips, P is the oversampling factor, E is the length of the equalizer in chips, nEVM(k) represents the EVM noise samples, and np(k) represents the additive noise due to inter-cell interference and thermal noise.
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Therefore, the SIR before despreading is
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where, 
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 is the density of the EVM noise. Since 
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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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One thing to recognize is that the weight vector itself, would attempt to incorporate the effects of the EVM in its computation giving for the weight vector 
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5.2 Practical Significance

The theory presented in the previous section for the MMSE doesn’t separate out so cleanly the effects of the EVM and the effects of other sources of degradation in the SIR computation, as was possible for the RAKE.
Simulations using multiple channel instantiations of the channel models of interest, however, show that the effect of the EVM on the post-Rx SIR for the MMSE can be approximately modeled with the same equation as for the RAKE. That is the post-Rx SIR can be computed with the expression
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 Figure 7 shows results simulating multiple instantiations for multiple channel models at a wide range of geometry values. Again when the EVM=12.5%, K=15, SF0=16, and 
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6 EVM with OFDM

6.1 Theory

For OFDM, the SIR at the output of the FFT for sub-carrier m, OFDM symbol ℓ, may be expressed


[image: image78.wmf]EVM

m

m

EVM

m

s

u

m

SIR

SIR

m

P

N

N

m

P

E

T

T

SIR

,

EVM

 

no

,

0

1

1

1

)

(

)

(

)

(

+

=

+

÷

÷

ø

ö

ç

ç

è

æ

=

l


where,

Em is the energy of the symbol transmitted on sub-carrier m, 
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 is the ratio of the OFDM useful symbol duration to the total OFDM symbol duration (which can be interpreted as the loss in energy in the cyclic prefix),

P(m) is the frequency-selective fading power profile value for sub-carrier m, 
N0 is the noise plus inter-cell interference power spectral density,

NEVM is the power spectral density of the Tx EVM noise source,

SIRm,no EVM is the SIR for sub-carrier m without the EVM, and
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 is the SIR for sub-carrier m when there is just the EVM (no noise or inter-cell interference).

Recall that the value of NEVM in use is that as defined from the RAKE analysis. More specifically,
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where, Px is the total transmit power, Fc is the WCDMA chip-rate, and EVM is that as specified for a WCDMA system (specified as a maximum of 12.5% for transmitting with 16-QAM).
If we assume that every data sub-carrier transmits the same energy, E0, 
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 is the ratio of total transmit power to that in the traffic, and ND is the number of sub-carriers allocated to traffic transmission per OFDM symbol (equals 7200/12 = 600 for OFDM parameter set 2), then
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For OFDM parameter set 2 (ND = 600, 
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Note that these expressions have specified the SIR on a specific sub-carrier m. To compute the overall effective SIR, the effective SIR may be computed using the exponential mapping (the EESM) given by 
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where 
[image: image88.wmf]b

 is a parameter optimized through link-level simulations for a particular modulation and code set.
6.2 Practical Significance
The theory section described how the SIR is computed for each sub-carrier and then the overall effective SIR is computed once the SIR is known on each sub-carrier. This section illustrates what the relationship between the effective SIR is using the exponential mapping with and without the EVM. The relationship changes somewhat depending on the value of beta is employed. Figure 8 shows the relationship when a large beta value of 7.68 is used (as would be used for a 16-QAM, high rate modulation and code set). Points are plotted for a range of geometry values and many channel instantiations of the pedestrian A and pedestrian B channels.

 Figure 9 shows the same relationship for a low beta value of 1.49 as would be used for a low rate QPSK modulation and code set.


7 Conclusion
The effect of the EVM on the post-Rx SIR for both the RAKE and MMSE receivers may be modeled as
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where SIREVM is a constant value specified by,
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When EVM=12.5%, K=15, SF0=16, and 
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For an OFDM receiver, the SIR on each sub-carrier m is modelled with the same type of expression
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but now SIRm,EVM is the constant value specified by,
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For OFDM parameter set 2, 
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1

.

17

=

EVM

SIR

. Once the SIR is determined for all of the sub-carriers, the effective SIR may be computed with the exponential mapping

[image: image96.wmf].

1

ln

1

÷

÷

ø

ö

ç

ç

è

æ

-

=

å

=

-

u

m

N

m

SIR

u

eff

e

N

SIR

b

b


8 References
[1] 3GPP TS 25.141: “Base Station (BS) Conformance Testing (FDD)”, V6.3.0, Sept. 2003.
[2] G.E. Bottomley, T. Ottosson, and Y.P.E. Wang, “A Generalized RAKE Receiver for Interference Suppression”, IEEE Journal of Selected Areas in Communications, Vol. 18, No. 8, August 2000.

[3] 3GPP, TSG-RAN1, Nortel Networks, “Effective SIR Computation for WCDMA System-Level Simulations”, Document R1-03-1299, Meeting #35, Lisbon, Portugal, November 17-21, 2003
[4] R1-02-0327, “Equalization for frequency selective channels”, Lucent, RAN1#24.

9 Proposed Text for Effective SIR Mapping Functions - WCDMA
This is a proposed text proposal for computing the effective SIR for the RAKE and MMSE receivers when including the effects of the Tx EVM.

-------------------------------START of the TEXT1 --------------------------------------
A.4.3.1.3
Effective SIR Mapping Function for WCDMA Receivers with Node B Impairments

The effective SIR for a WCDMA RAKE or MMSE receiver when including the effect of the Tx EVM is determined by
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where, SIRno EVM is the SIR as specified in section A.4.3.1.1 and A.4.3.1.2 for the RAKE and MMSE respectively, and SIREVM is a constant value specified by,
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where, EVM is the error vector magnitude value (assumed to be 12.5% as specified as the maximum permitted for 16-QAM transmission), K is the number of codes carrying data, SF=16 is the spreading factor of the data, and 
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 is the ratio of total transmitted power to traffic power. Therefore, when EVM=12.5%, K=15, SF=16, and 
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-------------------------------END of the TEXT1 --------------------------------------

10 Proposed Text for Effective SIR Mapping Functions - OFDM

This is a proposed text proposal for computing the effective SIR for the OFDM receiver when including the effects of the Tx EVM.

-------------------------------START of the TEXT2 --------------------------------------
A.4.3.2.2
Effective SIR Mapping Function for OFDM with Node B Impairments

The effective SIR for OFDM when including the effect of the Tx EVM is determined by computing the SIR for each sub-carrier m with the expression
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where γm,no EVM is the SIR of sub-carrier m without the EVM as specified in section A.4.3.2.1 and γm,EVM the constant value specified by,
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where, EVM is the error vector magnitude value (assumed to be 12.5% as specified as the maximum permitted for 16-QAM transmission), Fc is WCDMA spreading rate, ND is the number of data symbols per OFDM symbol, Tu is the useful OFDM symbol duration, and 
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 is the ratio of total transmitted power to traffic power. Therefore, for parameter set 2 and with EVM=12.5%, ND = 7200/12 = 600, and 
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. Once the SIR is determined for all of the sub-carriers, the effective SIR can be computed with, for instance, the exponential mapping,
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-------------------------------END of the TEXT2 --------------------------------------








































































































































































































































































































































Figure � SEQ Figure \* ARABIC �1�: Modeling of the Node B Impairments





Figure � SEQ Figure \* ARABIC �9�: Relationship of effective SIR with and without the EVM for beta = 1.49.





Figure � SEQ Figure \* ARABIC �4�: SIREVM for multiple channel instantiations of the flat, ped A, and ped B channels.





Figure � SEQ Figure \* ARABIC �5�: Ratio of SIREVM to SIRno EVM for multiple channel instantiations of the Ped A and Ped B channels.





Figure � SEQ Figure \* ARABIC �6�: Fit of SIR model vs computed SIR values for multiple channel models.








Figure � SEQ Figure \* ARABIC �7�: Relationship of SIR to SIRno EVM for multiple channel models and comparison with an approximate SIR model.





Figure � SEQ Figure \* ARABIC �3�: RAKE receiver structure.





Figure � SEQ Figure \* ARABIC �8�: Relationship of the effective SIR with and without the EVM for beta = 7.68.









































3GPP TSG RAN WG1 #36


Malaga, Spain, Feb 16-20, 2004





Page 1

_1138092270.unknown

_1138172669.unknown

_1138174633.unknown

_1138175058.unknown

_1138175341.unknown

_1138175967.unknown

_1138176041.unknown

_1138176211.unknown

_1138176243.unknown

_1138176187.unknown

_1138176008.unknown

_1138175391.unknown

_1138175142.unknown

_1138175313.unknown

_1138175098.unknown

_1138174726.unknown

_1138174940.unknown

_1138174679.unknown

_1138174344.unknown

_1138174510.unknown

_1138174551.unknown

_1138174463.unknown

_1138173049.unknown

_1138173217.unknown

_1138172986.unknown

_1138106184.unknown

_1138108287.unknown

_1138120333.unknown

_1138120670.unknown

_1138120441.unknown

_1138119234.unknown

_1138118912.unknown

_1138118960.unknown

_1138119216.unknown

_1138115446.unknown

_1138118582.unknown

_1138118717.unknown

_1138115637.unknown

_1138114171.unknown

_1138114598.unknown

_1138113918.unknown

_1138107778.unknown

_1138107795.unknown

_1138107684.unknown

_1138092401.unknown

_1138100426.unknown

_1138104557.unknown

_1138100969.unknown

_1138092432.unknown

_1138092319.unknown

_1138092386.unknown

_1138092300.unknown

_1136803806.unknown

_1138090812.unknown

_1138091250.unknown

_1138091688.unknown

_1138092200.unknown

_1138091518.unknown

_1138091545.unknown

_1138091098.unknown

_1138091146.unknown

_1138091072.unknown

_1137310709.unknown

_1137486131.unknown

_1138089653.unknown

_1138090528.unknown

_1137500416.unknown

_1137335511.unknown

_1137392990.unknown

_1137393179.unknown

_1137392910.unknown

_1137335432.unknown

_1136808322.unknown

_1136881003.unknown

_1137310670.unknown

_1136810536.unknown

_1136803946.unknown

_1136805396.unknown

_1136805654.unknown

_1136806478.unknown

_1136805422.unknown

_1136805367.unknown

_1136803828.unknown

_1136790721.unknown

_1136802550.unknown

_1136803262.unknown

_1136803784.unknown

_1136802970.unknown

_1136790838.unknown

_1136790852.unknown

_1136790818.unknown

_1136728739.unknown

_1136790381.unknown

_1136790529.unknown

_1136728976.unknown

_1136728529.unknown

_1136728575.unknown

_1136728645.unknown

_1136705362.unknown

_1136726180.unknown

