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1. Introduction
PAPR reduction for the OFDMA UL is important in achieving better UE performance.  Enhanced battery life and reduced power amplifier cost are two of the benefits the UE can realize due to PAPR reduction on the uplink.  These benefits are less pronounced for the DL because of the nature of the equipment.  In this contribution, pros and cons of various PAPR reductions as they apply to the DL are discussed.
2. PAPR Techniques
There are generally four classes of PAPR reduction techniques: clipping/windowing, tone reservation, coding and scrambling.   All PAPR reduction techniques have an associated cost.  The benefits of realizing a certain reduction in PAPR on the DL must be weighed against the cost.  
· Clipping/Windowing

This technique involves distorting the waveform by clipping the signal or applying a windowing function to the signal such that the PAPR is reduced.  Peak cancellation methods also fall into this class.  
Drawbacks of this approach are the creation of in-band distortion and out-of-band noise.  The circulated clipping and filtering method noted in [1] is an iterative method that attempts to reduce the out-of-band noise created by the clipping.
Advantages are implementation simplicity and no special requirements are needed for  the UE receiver to properly demodulate the signal.  
· Tone Reservation

This technique uses reserved or unused tones to send an optimum symbol that reduces the large peaks of the OFDMA symbol.  
Disadvantages of tone reservation include the reduced data throughput because some tones are reserved for PAPR reduction.  Tone reservation is computationally complex and the computations are iterative and thus may increase system delay.  Note the effectiveness of this method as applied to the DL is unclear as the complexity is at least proportional to the number of tones.  That is, when this technique is applied to the DL where the number of tones can be much larger than those utilized by a single UE, the complexity will increase and the PAPR reduction may be less.  High computational complexity to employ this method on the DL may require tradeoffs which reduce the amount of PAPR reduction achievable.
An advantage is no special requirements are needed for the UE receiver to properly demodulate the signal.  It will ignore the dummy tones that contain the optimum symbol.
· Coding
This technique uses additional FEC coding to map the data to codewords such that the OFDMA signal does not exhibit as high of a PAPR.
Drawbacks to this approach include reduced data throughput and increased UE complexity.

Advantages, besides PAPR reduction, might include improved BER performance.

· Scrambling

This technique includes methods like Selective Mapping (SLM) and Partial Transmit Sequence (PTS).  The SLM method scrambles the incoming data with sequences and selects the data sequence with the lowest PAPR for transmission.  PTS breaks the data into subblocks and applies phase weights to the subblocks to minimize PAPR.
Disadvantages to this technique include the necessity to send side information to the receiver so that it can properly demodulate the data.  This increases overhead and UE complexity.  Further note the computational complexity for these methods is significant.
3. PAPR Impact on EVM

Error Vector Magnitude (EVM) is used to quantify distortions in the transmitter.  It measures the average error vector relative to a desired constellation point.  Higher order constellations, such as 64-QAM, have a low tolerance to EVM.  With the introduction of 64-QAM modulation in LTE, the EVM requirement will be stricter relative to Release 6.
As discussed above, some PAPR reduction techniques introduce distortions into the transmitted waveform.  The PAPR of the OFDM signal is approximately the same regardless of the modulation type used.  The required EVM for 64-QAM is a constraint on DL PAPR reduction.  The desire to reduce DL PAPR while maintaining sufficient EVM performance represents a design challenge that can be solved using a variety of methods.  These methods can be implemented without impacting the air interface.
4. Conclusion
There are several techniques that can be used to reduce PAPR on the DL.  Each technique has advantages and disadvantages.  There are known benefits to the consumer when employing PAPR reduction on the UL and these include better performing and lower cost UEs.  The benefits to the consumer are less pronounced for PAPR reduction on the DL.  Studies on PAPR reduction tend to focus on a number of tones typical with an UL transmission.  The benefits and complexity of PAPR reduction for a large number of tones has not been widely studied.
If a DL PAPR reduction method were standardized, it must be done so with great care so that the benefits of UL PAPR reduction are not undone.  Some methods necessitate added complexity in the UE; it would be counterproductive to standardize such methods.  The cost of employing standardized DL PAPR reduction must be weighed against the achievable benefits.  For example, it would make little sense to standardize a method that achieves DL PAPR reduction but significantly increases the computational complexity.
In summary, the following conclusions can be drawn:

a. We should wait for the RAN4 discussion and conclusion on this subject.

b. In our view, there is no need to standardize any DL PAPR scheme for LTE since this can be done using proprietary methods similar to UMTS while still maintaining the EVM requirement for LTE downlink.
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