3GPP TSG-RAN1 #47bis
Sorrento, Italy  January 15-19, 2007 
R1-070068
Agenda item: 
6.3.
Source: 
Freescale Semiconductor
Title: 

Frequency Domain Spectral Shaping and Power Amplifier Optimization

Document for:
Discussion and Decision
1.0  Introduction

Power amplifier optimization is an essential aspect of radio design.  It can include predistortion, peak limiting, null limiting and other techniques.  Even for linear modulation with a zero cubic metric, PA optimization is required to operate at high efficiency and high power while faithfully modulating the baseband waveform and contending with burst-to-burst variability.  FDSS attempts to address PA optimization by reducing the power de-rating (as exhibited by the cubic metric) of the data waveforms on the LTE uplink.  However, FDSS fails to address the power de-rating (cubic metric) reduction of channel sounding, uplink RS waveforms and RACH waveforms which limit coverage in LTE.  Consequently, no real coverage gain is offered by FDSS.  Furthermore, the PA will likely still have to transmit waveforms with around 1dB cubic metric at high power, so FDSS does not address PA optimization.  This paper offers one of many possible techniques for cubic metric reduction that limits all uplink waveforms equally, addressing the issue of PA optimization and coverage in uplink LTE.  
2.0 Link Loss Due to EVM for Coverage Limited UE’s
EVM requirements are determined largely by link performance degradation.  The following chart illustrates that as UE’s become coverage limited, the evm requirements loosen, allowing for more aggressive peak limiting.
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. Calculate S|k| = FFT{s|n|}, 0 <k < Npx — 1.

. Map the Npx samples of S|k| onto Nx subcarriers following
the predetermined SC mapping rule.

3. Calcualte 5ln] = IFFT{S|k|}, 0 <k < Nx — 1.
4. Apply the peak-null clipper on s5[n| as:

Ty exp{jZsn|}, [S|n]| > T}
sin] = ¢ Trexp{jZs[n]}, [8[n]| < T,

s\n, else.

5. Calculate S[k] = FFT{s[n|}, 0 <k < Nx — 1.

. De-map the Nx samples of S[k| into X[k] with Nt x samples
using truncation.

. Map X|k| onto Ngpr subcarriers in either localized or inter-
leaved manner.

8. Calculate x|n| = IFFT{X|k|} and add the cyclic prefix.
9. Send x|n| through D/A and power amplifier before transmis-

S101.




Figure 1.  EVM vs. SNR for fixed link loss.
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Figure 2.  AMC BLER curves.

As can be seen by these curves, coverage limited UE’s will certainly be operating at SNR levels less than 5dB, possibly closer to 0dB.  This allows for peak limiting approaches to support EVM levels of 10% or higher without sacrificing link performance for coverage-limited UE’s.
3.0.  A Technique for Power De-Rating Reduction
There are many techniques in the literature for peak limiting.  Some of them are tone reservation, clipping and filtering and other novel techniques.  The following section presents one possible technique for power de-rating reduction.  It can be used to improve the cubic metric of all uplink waveforms, and thus truly addresses PA optimization.
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Figure 3.  Structure for Power De-Rating Reduction.
The following is an outline of the required steps to perform the peak limiting algorithm.
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Figure 4.  Algorithm Steps.
The proposed technique uses FFT pre-processing to interpolate the time domain waveform, hard-clip it and then spectrally truncate.  It produces no out-of-band emissions, but does add to the transmitted EVM according to the Figure 5.
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Figure 5.  EVM vs. Cubic Metric for QPSK.
As can be seen in Figure 5, peak limiting according to this approach will enable us to limit the cubic metric of QPSK to 0.2 to 0.4dB with negligible link loss.  It is anticipated that this will be more than enough peak limiting to enable the UE to transmit at full power in coverage limited situations.
4.0. Conclusions

In conclusion, FDSS does not help with PA optimization or with coverage in LTE.  This paper has presented one technique among many for enabling the PA to operate at full power on all uplink waveforms (including the uplink reference signal).  It is therefore concluded that FDSS provides no real benefit to LTE, but only adds to the complexity of the system and should not be included in the spec.
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the lower threshold of the clipper
the nth OFDM symbol,

0 S T S NTX — 1

the FFT of s|n], 0 <k < Npx —1
Nx point IFFT of S|k,
0<Ek<Nx-—-1

s\n| clipped by the peak-null clipper
the FFT of s5n|, 0 <k < Nx —1
the de-mapped Nt x subcarriers
from S[k]

NFFT—pOiIlt IFFT of X[k]
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