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1. Introduction

This contribution continues the discussion in [1] regarding a suitable definition of the E-UTRA EVM for the BS.
UTRA EVM is defined in TS 25.141 as 
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in which Z’(ν), R’(ν) are complex baseband samples of the varied measured and reference signals. The varied measured signal Z’(ν) can be understood as a best-fit variation of the measured BS TX chip-level time domain waveform Z(() with a time-shift (t, a frequency offset (f, a phase offset ((, with respect to the reference signal R(ν):
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These synchronisation parameters and thus Z’(ν) are obtained from a minimization process: 
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Amplitude variations are included via code power offset as variation R’(ν) of the reference signal R(ν).

For E-UTRA we should aim at a flexible and future-proof EVM requirement which would cover the whole area of modulation accuracy in a single requirement. The EVM definition should be guided by the OFDM demodulation process, i.e. it should capture as closely as possible the impact of the BS RF impairments within an actual UE. 
In this contribution, we propose to define the E-UTRA EVM in the frequency (constellation) domain rather, than in time domain as for UTRA. We also propose to include per-subcarrier amplitude/phase correction in the EVM minimization process, as this is readily available in any OFDM receiver and allows reducing the required EVM with a potential cost-benefit for the BS. Our proposal of the E-UTRA EVM follows essentially the corresponding definitions used e.g. in the IEEE OFDM standards for WLAN and WiMax and thus builds on upon existing OFDM industry experience and test equipment.
2. Proposed Definition of E-UTRA EVM
Figure 1 shows on a high abstraction level an OFDM receiver and possible reference points for the EVM measurement:

[image: image4]
Fig. 1 OFDM receiver and possible reference points for the EVM measurement
The UTRA EVM is defined for DS-spread time domain waveforms corresponding to above reference point 1. 

Note: this is not quite correct, as also the RRC filtering is used in the re-construction of the reference signal. So the UTRA EVM is actually not defined at the antenna connector, but includes also the receiver-side RRC processing. 
In theory, also the OFDM EVM could be defined at this point as the FFT is a linear and norm-preserving operation. However, this would have the following serious drawbacks when compared with reference point 2 in the frequency / constellation domain:
1. In the time domain representation of the OFDM waveform all RBs (subcarriers) are “mixed up” and cannot be addressed by specific EVM requirements. Hence, there would be no flexibility of setting RB, MCS or pilot specific EVM requirements. 
2. The EVM would need to be set according to the worst case requirement of the constituent subcarriers. This does not support best possible PAPR reduction, leading to unnecessarily costly PA.
3. It does not take the UE OFDM and FFT processing into account; RF impairments should be visualised in the frequency / constellation domain at the point where and in the format how they actually impact the receiver.
4. In case that the BS TX spectrum shaping filtering function would not be standardised for E-UTRA (see [5] for this discussion) it would not be possible to deduct the TX filter from the EVM as done for UTRA, whereas at reference point 2 amplitude/phase correction would happen even for an unknown TX filter response (see discussion further below).
Hence we propose to define E-UTRA EVM at reference point 2.
The time-frequency averaging lengths of the EVM measurement should be guided by the smallest RR unit which can be allocated within the system. This would be a 0.5 ms subframe (with e.g. L = 6 data symbols) and 1 RB (K = 25 subcarriers). Hence a single EVM measurement could look like:
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in which 
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 are the complex baseband constellation points on subcarrier k of the l-th varied measured respectively, reference OFDM symbols.
Unlike currently done for UTRA, M such EVM measurements could still be averaged over time, hence the final OFDM EVM definition would be: 
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 . Averaging, rather than going for the maximum EVM of (1’) reduces still remaining fluctuations which do not impact the (average) system performance:
[image: image9.png]



Fig. 2 CDF of the EVM measurement according to (1’) ; mean = -21.78dBc (8.2%)
Fig.2 shows CDF of the EVM measurement according to (1’) with a mean of -21.78dBc. This indicates that the mean vs. max difference of the requirement can be ~4 dB and for the 95-percentile an extra margin of  ~2.5 dB may still be required (for this 8.2 % EVM example). As the E-UTRA EVM requirements may turn out to be significantly tighter than for UTRA (due to 64QAM and MIMO), this modification of the EVM definition should be considered. Such averaging is also used e.g. in the OFDM EVM definitions for IEEE WLAN and WiMax standards [2].
The varied measured constellation points 
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on subcarrier k  of an OFDM symbol could be parameterised as 
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and then be found by minimizing 
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 in eqn (3) across the following synchronisation parameters:
pre-FFT, time domain:
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the RF frequency offset
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the timing offset of the FFT processing window in relation to the nominal timing of the reference signal.  Unlike UTRA, the OFDM receiver does not require strict timing synchronisation within sample accuracy as long as timing offsets 
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 are compensated by the corresponding de-rotation of the subcarriers by 
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(by virtue of the DFT correspondence for circular shift 
[image: image17.wmf](

)

(

)

(

)

N

j

e

k

X

N

x

/

2

mod

,

put

t

u

-

«

-

). Nevertheless, due to the BS TX (and test equipment RX) filters, the EVM will be impacted by the choice of 
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. Typically, the energy of the composite CIR should be centred within the CP in order to minimise ISI necessitating some
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. This may be especially relevant for the low BW options of E-UTRA (e.g. 1.25 MHz), where the few available guard carriers necessitate long TX filter CIR in relation to CP length. 
Post-FFT, frequency domain, on a per-subcarrier basis:
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the phase of TX-RX chain
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the amplitude of TX-RX chain
If we define 
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 then the division by H(k) in eqn (2’) corresponds to FDE of the composite TX-RX chain CIR 
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with ZF. As within EVM measurements all composite TX-RX CIRs do not exhibit spectral nulls within the passband, using the ZF correction carries no drawbacks and indeed would be the expected result obtained from any UE FDE method under the EVM test conditions. The complex coefficients H(k) can be estimated from pilot symbols and thus does not increase the search space in eqn (3) proportional to the # of subcarriers. Some illustration of this process is provided in Appendix A.

This ZF operation essentially removes all linear distortions in the TX-RX chain from the EVM budget and may be important in order to make low EVM values possible without unduly restricting the clipper EVM budget. Hence a lower PAPR may be possible for the BS if per-subcarrier amplitude/phase correction is included in the above minimization process. As an example, RF TX filters in the 900 MHz band (with only 10 MHz duplex spacing available) exhibit large GDD and therefore may result in a noticeable EVM contribution if measured without this correction. However, this linear distortion will not materialize in an actual E-UTRA UE, as the FDE equaliser will remove this linear impairment anyway
. 
Note, that the EVM requirements as defined for WLAN and WiMax in IEEE do include this post-FFT division by the complex channel taps H(k) as proposed here (based on estimates from pilots). Further information about this aspect regarding the related commercial test and measurement equipment can be found from the WWW.

Two final remarks on this aspect:

1. Removing linear TX distortion is also applied for UTRA, as the RRC filtering is used in the re-construction of the reference signal as pointed out above. The difference to here is that all linear filter distortion within the TX chain would be removed, not just the BB spectrum shaping part of it.

2. It is possible to deduct even an unknown TX filter response by this correction process. This would actually be the only way to accomplish this in case the BS TX spectrum shaping filtering function would not be standardised for E-UTRA (see [5] for this discussion).
Finally, MIMO related n-TX configurations need to be addressed. It would be most straightforward if the n-TX MIMO EVM requirements could be reduced to 1-TX EVM requirements of it’s n-branches, as this would allow re-use of EVM definitions and measurement setup / equipment for any of the TX configurations. Assuming the EVM impairment can be modelled by additive IID noise, the analysis in [3] provides explicit TX SNR equations for a MIMO example demonstrating that the EVM impact for MIMO can be reduced to the corresponding impact for 1x1. For the estimated relatively high EVM levels, it can also be assumed (see [3]) that the dominating noise contribution comes from the clipper thus leading to uncorrelated TX AWGN across the TX branches. This would indicate that, a single-branch EVM definition / requirement should also be able to cover MIMO.
3. Conclusions

In this contribution, we proposed an E-UTRA EVM definition in the frequency (constellation) domain which should be able to cover RB and/or MCS specific EVM requirements for one or more TX

We also propose to include per-subcarrier amplitude/phase correction in the EVM minimization process, as this is readily available in any OFDM receiver and allows reduction of the required EVM budget and potentially lower cost PA.
Our proposal of the E-UTRA EVM follows essentially the corresponding definitions used e.g. in the IEEE OFDM standards and thus builds on upon existing industry and test equipment experience related to OFDM EVM. Related feedback from the test and measurement equipment vendors would be highly appreciated.

A corresponding TP for the E-UTRA BS requirement TR can be provided in case RAN4 can agree to the proposed EVM definition as a working assumption.
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Appendix A - per-subcarrier amplitude/phase correction
The proposed per-subcarrier amplitude/phase correction uses the complex values [image: image24.wmf]k
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 in the division by H(k) in eqn (2’). In order to get a feel for the values of 
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 we show illustrative results according to the simulation parameters in Tables 1 and 2 of the 5 MHz E-UTRA study [4]. I.e. 
[image: image26.wmf]k

j

k

e

a

k

H

j

~

~

)

(

-

=

 encodes on a per-subcarrier basis (frequency domain) the amplitude/phase distortion of the concatenated TX filters as defined in [4]; no RX filters were included in [4].

Fig. A.1 shows the magnitude response of H(k) for the unclipped BB signal. To estimate H(k), an average of 5 pilot symbols
 was used. The combined amplitude ripple due to the 3 filters can be seen (the target specified in [4] was < 0.5 dB ripple)
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Fig. A.1. Magnitude response of H(k), unclipped BB signal
Fig. A.2. shows the corresponding phase response of H(k) (for all 512 SCs). This response is not only due to filters, but also due to the SC-specific rotation from timing offsets 
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 (by virtue of the DFT correspondence for circular shift 
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Fig. A.2. Phase response of H(k), unclipped BB signal (shown for all 512 SCs) 
Given that clean estimates of [image: image31.wmf]k
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 are assumed in the EVM, the corresponding ZF operation (division by H(k) in eqn (2’)) should be a non-issue and generic for any UE FDE process. 
However, how to obtain good estimates of 
[image: image32.wmf]k

j

k

e

a

k

H

j

~

~

)

(

-

=

 in the presence of, say clipping noise corresponding to  8.5 % EVM (-21.4 dBc), may warrant some further discussion. Fig. A.3. shows the magnitude response of H(k) when estimated as an average of 5 pilot symbols from the clipped signal after PA, i.e. with 8.5% EVM across the pilot symbols. Clearly, the TX filter amplitude ripple shown in Fig. A.1. would not be eliminated correctly. More energy needs to be used to estimate H(k), e.g. by using a longer training period as shown in Fig. A.4. or by using additional data aided pilots. Nevertheless, the difference in the EVM (expressed as dBc) between Fig. A.3 and A.4 was only 0.7 dB.
More detailed information regarding this particular aspect (for WiMax) can be found from the WWW pages of one of the test and measurement equipment vendors. Further feedback from the test and measurement equipment vendors in this area would be highly appreciated.
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Fig. A.3. Magnitude response of H(k) from clipped signal after PA, averaging over 5 pilot symbols
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Fig. A.4. Magnitude response of H(k) from clipped signal after PA, averaging over 50 pilot symbols
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� Assumes that the TX filter CIR is relatively short compared to RF channel CIR and CP length


� For simplicity, the pilot symbol covered all subcarriers, i.e. no frequency domain interpolation of 2D pilots was used
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