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Discussion
1. Introduction 

At RAN#46, spectral flatness requirements were proposed [1].  In order to study the impact of uneven Tx power spectrum, we give constrained capacity-based estimation of the resulting throughput loss.   
2. Discussion 

We used the constrained capacity function corresponding to 16QAM modulation to estimate the impact of imperfect spectrum flatness.  The results are approximates due to the following reasons: 

1. The constrained capacity is a bound that can only be approxiamted by practical systems
2. The constrained capacity method is valid for an OFDM system but the LTE UL is not OFDM.  Even though with decision feedback equalization an enhanced receiver can reduce the LFDM capacity gap. 

3. Perfect channel estimation is assumed

4. Only a small set of spectrum shape models were considered

The simulation methodology was as follows: 
i) Select Tx power spectrum shape model from the set {#1, #2, …, #6}

a. Select a Power spectrum deviation value from {0dB, +/-1dB, +/-2dB, …, +/-6dB}

i. Cycle through mean SNR values from 0dB to 20dB

1. Add together the selected spectrum shape model and mean SNR

ii. Renormalize the resulting values so that linear average Tx power corresponds to mean SNR 

iii. Calculate average capacity 
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 corresponding to the 16QAM constrained capacity curve (Figure 1)

iv. Calculate the capacity 
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 corresponding to the mean SNR and the the 16QAM constrained capacity curve (Figure 1)

v. Calculate the Throughput loss 
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The 16QAM constrained capacity curve is shown in Figure 1 below. 
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Figure 1 16QAM Constrained Capacity
The calculated capacity loss results are shown in Figures 3, 5, 7, 9, 11 and 13.  The modeled Tx power distributions are shown in Figures 2, 4, 6, 8, 10 and 12.  On each page, the pair of power distribution model and the corresponding Loss vs. SNR curve is shown.  Note that all Tx power distribution models were based on some variation of a RRC spectrum shape.  
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Figure 2  Tx Power Spectrum Shape, Model #1
[image: image7.png]Capacity Loss (%)

Throughput Loss with Tx Power Spectrumn Model No1

S E—

Deviation +0d8
Deviation +-1d8
Deviation +-28
Deviation +-3d8
Deviation +-4d8
Deviation +5d8
Deviation +5d8

5 10

Average SNR (48

E3





Figure 3 Throughput Loss vs. Power Spectrum Deviation, Model #1
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Figure 4  2  Tx Power Spectrum Shape, Model #2
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Figure 5  Throughput Loss vs. Power Spectrum Deviation, Model #2
[image: image10.png]SNR (d8)

Tx Pawer Spectrum Model No3 with +-5dB Deviation around Mean





Figure 6  2  Tx Power Spectrum Shape, Model #3
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Figure 7  Throughput Loss vs. Power Spectrum Deviation, Model #3
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Figure 8  2  Tx Power Spectrum Shape, Model #4
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Figure 9  Throughput Loss vs. Power Spectrum Deviation, Model #4
[image: image14.png]SNR (d8)

Tx Pawer Spectrum Model Nos with +-5dB Deviation around Mean





Figure 10  2  Tx Power Spectrum Shape, Model #5
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Figure 11  Throughput Loss vs. Power Spectrum Deviation, Model #5
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Figure 12  2  Tx Power Spectrum Shape, Model #6
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Figure 13  Throughput Loss vs. Power Spectrum Deviation, Model #6
We can observer that the loss curves are somewhat flat in the region of interest for 16QAM, which is in the 8dB…15dB SNR range. 

2.1.   Proposed Requirement

It is not straightforward to derive a reasonable requirement based on the above results.  We considered the following: 
1. Models #1, #2 and #3 can be viewed as the more realistic cases, we believe that a requirement can be derived based on these.  Even though we’d like to receive feedback regarding possible other implementations and other possible spectral shapes. 
2. We have used <5% throughput loss limit due to EVM, which was with assuming perfectly flat spectrum.  It would be good if the loss due to uneven spectrum did not add significant additional loss. If we budget an additional 25% ralative loss compared to 5%, then we have a 1.5% loss limit. 

Based on Figures 3, 5 and 7, we can see that a flatness requirement of +/-2dB would satisfy the 1.5% loss limit in the cases of interest.  
It would be worthwhile though to cross-check the results with simulations using LFDM assumptions. 

. 
3. Conclusion
A tentative requirement of +/-2dB spectrum flatness requirement was considered.  We propose that a method similar to the one described in this contribution be used to help deriving the LTE spectrum flatness requirement.  
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