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1 Introduction
The E-UTRA base station (BS) has high Peak-to-Average-Power-Ratio (PAPR) problem due to OFDM modulation in the down link, and PAPR reduction techniques are necessary to achieve good system performance. In [1], tone reservation (TR) and circulated clipping filtering techniques are specified as a way to reduce PAPR for OFDMA based UL. Recently, reference [2] proposed TR method to reduce PAPR for E-UTRA BS, and reference [3] indicated to consider circulated clipping and filtering technique to reduce PAPR for E-UTRA BS. 

This paper discusses the issues in standardizing a PAPR reduction scheme, and analyses the performance of circulated clipping and filtering scheme in terms of PAPR reduction, and EVM degradation.  

2 Discussion
PAPR problem is specific to implementation, and it is debatable whether a particular PAPR reduction technique should be standardized or not. If PAPR reduction is not implemented, BS needs to operate at lower average power resulting in capacity and coverage loss. Alternatively, highly linear radio parts be used in the BS, resulting in increased E-UTRA system cost.
 In [2], TR is proposed to reduce PAPR, and suggested to define physical layer structure to reserve non-data sub-carriers. This reserved sub-carriers causes loss in maximum throughput, although modulation quality is unaffected. On the other hand, clipping technique causes EVM degradation, resulting in maximum throughput loss. 

It was shown in [4] that PAPR reduction and EVM degradation are coupled with the used modulation and coding scheme (MCS). For example, all resources blocks (RB) using 64QAM will be limited by EVM requirement and significant PAPR reduction is not possible with clipping technique. In this case, TR is useful to reduce PAPR, since no EVM degradation due to TR. On the other hand, all RB with QPSK will have much freedom to reduce PAPR by clipping, as tight EVM requirements are not required. In this case, TR will not be effective. It is also possible to use TR and clipping together to improve the PAPR reduction, while satisfying EVM requirements. 
Therefore, PAPR reduction should be flexible enough to accommodate different MCS deployment scenarios, and should not be rigidly fixed with physical layer specifications. This will provide opportunity for operators:

· to choose whether they want to implement the PAPR reduction or not, to optimize system performance and cost based on their deployment scenarios.

· to upgrade their PA’s when advanced PA becomes available on the market. 

It should be noted that one can also implement the tone reservation scheme without any physical layer standardization by the following approaches:

· Without any reserved tone allocations.
· Allocating resources block (RB) for reserved tones.

· Puncturing some sub-carriers for reserved tone.

Therefore, the PAPR reduction schemes should not be standardized, and be left to the implementation/deployment to handle the PAPR effects. 
3 Simulation results
We evaluate the PAPR reduction by circulated clipping and filtering scheme. It should be noted that EVM degradation should be considered in evaluating the PAPR, and the EVM is calculated based on the frequency domain symbols. We consider 5MHz system parameters as in [1]. 

[image: image2.wmf]2

4

6

8

10

10

-4

10

-3

10

-2

10

-1

10

0

PAPR(dB)

CCDF

64QAM, clipping threshold 5dB

　

without any PAPR reduction

　　

clip+filter

　

1

　　

clip+filter

　

5

　　

clip+filter

　

10

    Tone Reservation w/o reserved Tone


Figure 1: PAPR distribution of circulated clipping and filtering for 5MHz system with 64QAM
	Clipping Threshold
	
	Tone Reservation without any tones reserved
	Clip+Filter: No. of iteration=1


	Clip+Filter: No. of iterations=5


	Clip+Filter: No. of iterations=10



	5 dB
	PAPR gain @ 10-3
	3.0

	1.8
	3.0
	3.1

	
	EVM (%)
	9.8
	5.4
	8.6
	8.7


Table 1: Comparison of PAPR reduction and resulting EVM by circulated clipping and filtering for 5MHz system with 64QAM
4 Conclusions

We have shown how simple circulated clipping and filtering technique can reduce PAPR with EVM degradation. The tone reservation scheme without explicit tone reservation is also evaluated for comparison. We think that PAPR reduction can be achieved by several ways without any standardization effort, and should be left for implementation to handle. 
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