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1. Introduction

UE Power amplifier (PA) optimization is a UE vendor implementation issue and any particular solution (FFT pre-processing [7], symbol ramping, etc) should not be specified but left up to the vendor to determine what is necessary to meet EVM, ACLR and spectrum mask requirements.  Proposed frequency domain spectral shaping (FDSS) techniques [1-5] add to UE complexity (e.g. more FFT sizes) and will delay LTE specification while in most practical cases degrade performance [9] unless power boosting above 24 dBm is permitted.  Any benefit is also limited by the power de-rating needed for uplink reference signal (RS) sequences (see Annex A) [10].
2. Frequency Domain Spectral Shaping
As shown in [9] there can be no throughput benefit from FDSS unless .power boosting is performed.

Power Boosting ~ = CM Reduction from FDSS technique (e.g. RRC or Kaiser Windowing)

If a UE is at its maximum power (e.g. 24 dBm) then no power boosting is possible because:
EVM and other TX considerations prevent power boosting beyond the maximum power level

Maximum power operation in LTE is possible without power de-rating for QPSK since 
· Rel-4 and later WCDMA PAs designed with 1dB more linear power headroom than Rel-99 
· ACLR reduction from reduced occupancy is obtained if subset of total RBs are allocated 

Therefore:
· Allocations of up to 10 RBs of size 12 sc at maximum PA power (24dBm) can be supported
· VoIP packets, e.g., only need 1 to 4 RB allocations ( hence no power boosting is possible
FDSS will degrade user throughput performance in power limited cases [9] unless:

· LTE specifications to be defined in WG4 allow power boosting above the maximum power level
· This would require specifying which allocation bandwidths may support boosting

· EVM, ACLR, and Spectrum mask issues would also need to be considered
· The optimal FDSS window is selected for each transport block size
· As shown in [9] the optimal RRC alpha is a function of Modulation x Encoding Rate

For QPSK it has been shown (Figure 1) that even with power boosting FDSS provides little benefit for R ≥ 1/3

FDSS may provide current drain reduction when UE is not power limited (i.e. bandwidth limited) where:

· Portion of power boost is used to compensate for spectral efficiency loss from FDSS

· Remainder of power boost can be used for current drain reduction

· FFS if current drain reduction is significant enough to provide any real benefit

· In any event, for R>=1/3 significant current drain reduction is unlikely
3. Conclusion
If UE power boosting from CM reduction is not possible then FDSS results in a throughput loss since the resulting spectral efficiency loss from FDSS cannot be compensated.  UE PA optimization should be an implementation issue where each UE vendor determines which proprietary techniques (e.g. FFT pre-processing, symbol ramping, etc) to use to meet ACLR, EVM, and spectrum mask requirements.  Any attempt to specify power boosting above 24 dBm would require these requirements to also be addressed (typically handled in WG4) as well as regulatory requirements.  In any event, even with power boosting FDSS techniques do not provide a significant benefit for expected MPR (modulation x encoding rate) operating regions. The benefit is also limited since uplink RS sequences require larger power de-rating than QPSK or /2 BPSK with FDSS.
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Figure 1 –Maximum SINR gain from FDSS using optimal RRC windowing () for QPSK
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Figure 2 – Left: QPSK CM reduction vs. Optimal RRC ;      Right: Optimal RRC for MPR
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Figure 3 – Increase in maximum power level if L1/L2 control mapped to band edge (25sc) RBs

ANNEX A – Quantized and DFT Size constrained FDSS performance
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Figure 1 – Maximum SINR gain from FDSS for optimal RRC 
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Figure 2 – Uses any Radix 2, 3, 5 DFT size with constraint: Average UL RS CM=0.4 dB
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Figure 3 – Only uses Radix 2, 3, 5 RB DFT sizes with constraint: Average UL RS CM = 0.4 dB
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