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1 Introduction

The modulation quality for LTE and introduction of reserved sub-carriers has been previously discussed in [1] in RAN4. In [2], we showed that the transmitter EVM required for 64 QAM and high coding rates is in the range of 4%. Stringent TX EVM requirements for LTE would heavily influence the DL peak reduction schemes. 
This paper discusses the need for reserved sub-carriers based on the proposed TX EVM and elaborates on various aspects.
2 Discussion
In [1], the impact of RX and TX impairments on throughput was extensively discussed. It was also concluded that the TX EVM requirement should be defined considering the receiver impairments.
Using the simulation results in [2], and as shown in Figure 1, it indicates that the 95% of the peak rate can be achieved at C/N=15 dB when TX EVM is set to 4% with an assumed typical RX EVM of 5%. 
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Figure 1

 Throughput versus RX and TX impairment for AWGN.

Assuming the same typical RX EVM and a TX EVM of 6.5 %, the throughput dramatically reduces by an unacceptable level of approximately 25 %. In other words, 2.5% additional TX EVM would result in 25% throughput loss.

In order to maintain the 4% EVM and avoid over-dimensioning the radio for LTE node-B or alternatively apply power back off in DL, PAPR reduction schemes with low impact on EVM are required for LTE. Various algorithms for DL PAPR reduction were recently discussed in RAN1 and the most promising one without imposing additional complexity on the UE is to use reserved sub-carriers.

By introducing some reserved sub-carriers, PAPR reduction schemes can maintain low EVM on the data symbol and consequently preserve the needed SNR for higher order modulations and coding schemes to reach high peak rates.
Considering a PAPR reduction scheme utilizing reserved sub-carriers with target PAPR of 7 dB, 16 iterations and IFFT size of 512, the percentage of the reserved sub-carriers versus data symbol EVM can be obtained from the curve below.
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Figure 2
 Percentage reserved sub-carriers versus residual EVM for PAPR target of 7 dB.

Given the proposed TX EVM of 4%, we would need to limit the residual EVM due to PAPR reduction to 1.5%-2% which indicates that 5% reserved sub-carriers would be sufficient.

Reserved sub-carriers imply a spectrum efficiency loss of 5% but the degradation in throughput by not having sufficient EVM requirements would be significantly higher then a 5% spectrum efficiency loss due to reserved sub-carriers (see figure 1). Reserved sub-carriers give low EVM which also improves the SNR and consequently the link-budget.
Deploying PAPR reduction schemes using reserved sub-carriers implies that some power is allocated to the reserved sub-carriers. The peak power in reserved sub-carriers is dependent on the percentage of the reserved sub-carriers and is obtained from the figure below:
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Figure 3,
Worst case peak power in reserved sub-carriers vs. percentage of reserved sub-carriers

We can conclude that given the 5% reserved sub-carrier and a residual EVM of 1.5%-2% on data sub-carrier, the peak power in the reserved sub-carriers, in worst case will not exceed the data symbol average power by more than 5 dB. It should also be noted that the data symbols will have peak variation in the range of 3.5 dB (see Annex A), thus the peak power for reserved sub-carriers will not be more than 2 dB compared to data sub-carriers. 
The peak power for the reserved sub-carrier averaged over one sub-frame given the residual EVM and percentage of reserved sub-carriers criterion above is slightly below the average power of data sub-carriers is as shown in figure below
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Figure 4
The peak power of reserves sub-carriers averaged over one sub-frame versus percentage of reserved sub-carriers

The average power of reserved sub-carriers (normalizing the data sub-carrier power to 0 dB) would be ~ 4 dB lower than data sub-carriers as shown in figure below.
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Figure 5,
Average power of reserved sub-carriers vs. percentage of reserved sub-carriers
There is also an ongoing discussion in RAN1 to increase the power of reference symbols compared to data symbol peak power, therefore the peak power in reserved sub-carriers will not impose any performance degradation.

We also investigated the reserved tones for largest and smallest IFFT and conclude that it is also sufficient with 5% reserved sub-carriers for other IFFT sizes. Simulation results can be found in Annex B.

The proposed stringent TX EVM levels to maintain high bitrates for 64QAM and no possibility for reserved sub-carriers would require over-dimensioned radio or power back in LTE compared to UTRA which makes the LTE radio less efficient than UTRA.

Therefore, we propose to introduce reserved sub-carriers in a flexible way to be enabled when needed (e.g. 64 QAM and certain coding) and disabled otherwise. By this approach, we do not limit the LTE capabilities compared to other existing and competing technologies and leave it flexible if some companies do not want to use them.
3 Summary
To obtain high peak rates, there is a need for stringent transmit EVM. This together with the lack of reserved sub-carriers would require over-dimensioned radio or power back-off in LTE compared to UTRA which make the LTE radio less efficient than UTRA. We also showed that 5% reserved sub-carriers are sufficient to maintain low TX EVM and the power of the reserved sub-carriers can be kept low and thus would not impose degradation in performance
Therefore, we propose to introduce reserved sub-carriers in a flexible way to be enabled when needed (e.g. 64 QAM and certain coding). By this approach, we do not limit the LTE capabilities compared to other existing and competing technologies and make it flexible to ensure that no implementation restriction is created.
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5 Annex A

Average and peak power for data sub-carriers that have a defined average power at 0dB.
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Figure 6
6 Annex B

Simulation results for other IFFT sizes
Results for an IFFT size of 128, i.e. 1.25MHz channel bandwidth.
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Figure 7
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Figure 8
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Figure 9
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Figure 10
7 Annex C

Results for an IFFT size of 2048, i.e. 20MHz channel bandwidth.
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Figure 11
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Figure 12
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Figure 13
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Figure 14
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