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1 Introduction

During RAN4 #38 in Denver, the discussion on modulation quality for LTE was initiated [1]. The modulation quality is one of the most important criteria to achieve high throughput since a good modulation quality enables higher order modulation and MIMO schemes. 
OFDM waveforms have typically high peaks. Reducing the high Peak to Average Power Ratio (PAPR) is important to enable efficient radio implementation. Such schemes must maintain high modulation quality to still allow for higher order modulation schemes and MIMO. However, without preparation of the physical layer it seems very difficult to achieve exactly this goal. 
2 Discussion
For UTRA DL waveform without peak reduction schemes has high PAPR (e.g. ~11.5 dB at probability of 10-4 for test model 3 [2] as in figure 1). There are efficient schemes reducing the PAPR without violating the modulation quality requirements (EVM and PCDE) stated in [3] for both QPSK and 16 QAM modulation.
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Figure1. Complementary CDF curve for UTRA based on test model 3
For UTRA, there was no need to adopt the L1 structure for peak reduction schemes in 3GPP but such schemes are commonly used within the industry and are necessary for WCDMA non-constant envelope DL technology to make it competitive. 

A basestation is fundamentally peak power limited, but the capacity of the channel to the UE depends on the average power. Thus peak power reduction is done to increase the average power under a peak power constraint, or to reduce the necessary peak power. Since high peak power is associated with a high cost of radio parts, and high average power would improve the capacity and coverage, the commercial and economical benefits of peak reduction is obvious. 

Peak reduction schemes adopted for WCDMA wave-forms result in degradation in modulation quality but can be designed in a way that the trade-off between PAPR and required EVM/PCDE is maintained.

E-UTRA DL which is OFDM based generates a high PAPR wave-form which is more or less similar to Rayleigh distribution (see figure 2). 
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                  Figure2. Example for Complementary CDF curve for E-UTRA 
Since we expect stringent EVM requirements for higher modulation schemes (e.g. 64 QAM) or services requiring high SNR (e.g. MIMO), peak reduction schemes adopted for OFDM wave-form which do not result in any significant degradation of symbol EVM will make the DL implementation more efficient.
Various techniques already exist with “Tone Reservation” being the most promising one. These schemes require a small percentage of reserved sub-carriers (sub-carriers not carrying data) dedicated to PAPR reduction. The needed percentage of reserved sub-carriers depends on various factors such as the FFT size, goal for PAPR, number of iterations for the algorithms to converge, etc, but is typically small.
There are 3 different scenarios to consider:

1. Assuming that RAN4 is required to consider the peak rate scenarios with stringent requirements on modulation quality and no allowance for reserved sub-carriers to be used for peak reduction schemes:

a. For fulfilling the stringent modulation quality requirements, very limited possibility exists to perform the peak reduction, thus the E-UTRA node-B is forced to operate at lower average power. This would indicate that a power back-off is necessary given the same cost frame for the radio of UTRA and E-UTRA.
b. If maintaining high average power is necessary, for fulfilling the stringent modulation quality requirements, very limited possibility exists to perform the peak reduction, thus the E-UTRA node-B is forced to be over dimensioned to operate at the same average power as UTRA node-B. This would indicate that cost for E-UTRA can be significantly higher than for UTRA.

Both cases above make E-UTRA less efficient than UTRA in terms of power or cost. 

2) Assuming that RAN4 is required to consider the peak rate scenarios with stringent requirements on modulation quality and L1 structure of E-UTRA allows for reserved sub-carriers to be used for peak reduction schemes.

Thus Tone Reservation (TR) is a method that enable peak reduction with negligible impact on the signal quality for the sub-carriers carrying data. Such schemes enable peak rates under high SNR conditions due to the fact that the impairments (EVM) can be kept to a low level. A high percentage of reserved sub-carriers makes a low PAPR value possible, but reduces the effective transmission bandwidth therefore an optimization between PAPR and spectrum efficiency needs to be further investigated. On the other hand, the loss in spectrum efficiency is compensated with improved link budget due to higher average power and consequently improved coverage and capacity.
3) Assuming that RAN4 is not required to consider the peak rate scenarios instead and develop requirements for the scenario with a mix of services with different modulation schemes and corresponding achievable bit-rates. In this case there is probably no need for defining reserved sub-carriers depending on how the test models for modulation quality will be defined and thus every vendor can decide upon the peak reduction scheme to maintain the power efficiency. This would indicate that for fairly high bit-rate users either the peak reduction error can be allocated to low SNR users resulting in higher EVM and consequently need for higher power for those users or allocate some RBs for allocation of the error of peak reduction which also imply degradation in the spectrum efficiency depending on the vendor implementation. The peak rate performance for equipment complying to such defined test cases will be untested and consequently unpredictable and will solely depend on the implementation.
Given the discussion above, and assuming that achieving the peak rates is also a RAN4 target as in the other working groups, we propose to initiate the discussion on introduction of DL peak reduction for E-UTRA.

This is due to the fact that E-UTRA power and cost efficiency should be made competitive to UTRA still allowing for peak rates. Such schemes also facilitate the performance predictions comparing to the case that each vendor based on the designed test model can implement schemes which either limit the power or bit-rate.
In our opinion, if no peak reduction is applied or allowed, the possible stringent EVM requirements together with the high PAPR values lead to significantly higher equipment costs, less efficient usage of the radio parts and also significantly higher power consumption, which make the E-UTRA less efficient than UTRA. 
Since the introduction of EVM preserving PAPR reduction schemes to E-UTRA influences the L1 structures (reserved sub-carriers), we suggest to investigate the possibility of defining and using reserved sub-carriers in a flexible way in RAN4 and probably in parallel in RAN1 as soon as possible.
3 Summary

In this paper the discussion for introduction of peak reduction schemes for E-UTRA DL due to high PAPR of OFDM is initiated. Various scenarios with benefits and drawbacks are discussed. Due to strong correlation between cost, power and spectrum, it is proposed to investigate the introduction of the reserved sub-carriers to allow for peak reduction. Thus, to maintain a high level of modulation quality in E-UTRA enabling support for peak rates, there is a need to have reduction schemes that only slightly degrade EVM. Such schemes typically require a number of reserved sub-carriers that do not carry data. 
Since this impacts the L1 structure we propose to investigate the possibility for flexible usage of reserved sub-carriers in RAN4 and probably RAN1 as soon as possible.
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