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1 Introduction
The Peak-to-Average-Power-Ratio (PAPR) problem in E-UTRA BS was discussed in last RAN4 meeting in Riga [1-3]. Reference [1] proposed to consider tone reservation scheme with 5% reserved sub-carriers to reduce PAPR, which requires standardization effort. Reference [2] proposed to consider resources block (RB) based tone reservation (TR) method or clipping to reduce the PAPR which don’t require standardization efforts, while reference [3] evaluated clipping. 

This paper extends the discussion in [2] by analysing the effectiveness of RB based TR scheme, and explores further PAPR reduction by clipping. 
2 Discussion

In the RB based TR scheme, number of physical resources blocks (PRB) are allocated to carry PAPR reduction data, as an alternative to reserved sub-carriers which requires permanent allocation of sub-carriers or signaling (both requires standardization effort). RB based TR scheme is much flexible as it can be implemented depending on the deployment scenarios (Ex.: Most RBs with 64QAM where PAPR effects are significant). It does not also require any standardizations efforts. However, there are some concerns raised regarding the PAPR reduction capability of the RB based TR scheme, and throughput loss with low bandwidth mode, which are addressed in the following sections.  
2.1 PAPR reduction with RB based TR, and throughput loss 
Reference [1] showed 5% reserved sub-carriers for TR to achieve 5% system throughput loss. Figure 1 compares the PAPR of the RB based TR scheme with conventional TR scheme, both incurring approximately 5% throughput loss for 5 MHz system. PAPR reductions for other bandwidths are summarized in Table 1.    

[image: image1]
Figure 1: Comparison of CCDF of PAPR for RB based TR for 5MHz system 
Table 1: Summary of PAPR reduction for RB based TR (PAPR at CCDF of 10-3) 
	Bandwidth mode
	PAPR reduction by TR (random sub-carriers  for 5% throughput loss) in dB 
	PAPR reduction by RB based TR (for minimum throughput  loss) in dB
	PAPR reduction by RB based TR (for increased throughput loss) in dB
	Note: Throughput loss

	1.25 MHz 
	1.1
	1.4 (16.6%)
	-
	16.6% ( (=1/6). 

	2.5 MHz 
	1.1
	1.1 (8.3%)
	-
	8.3% (=1/12)

	5.0 MHz 
	1.2
	0.9 (4%)
	1.25 (8%)
	4% (=1/25)  and 8% (=2/25)

	10 MHz 
	1.3
	1.0 (6%)
	1.3 (10%)
	6%(=3/50), and 10%(=5/50)

	20 MHz 
	1.3
	1.0 (5%) 
	1.3 (10%)
	5% (=5/100) and 10%(=10/100)


Based on results from Table 1, the PAPR reduction of RB based TR is comparable to that of conventional TR for throughput loss of 5% for system bandwidth greater than or equal to 5 MHz. But, for 1.25 & 2.5 MHz, the minimum RB allocation (1 RB) results in significant throughput loss, compared to that of conventional TR scheme.   
2.2 PAPR reduction by RB based TR with clipping
PAPR reduction of RB based TR scheme can be further improved by clipping. However, EVM degradation due to clipping should be limited to be very low to avoid further reduction in throughput. Figure 2 shows how RB based TR with clipping improves the PAPR reduction with EVM degradation of 1%. The EVM is calculated based on the equalized frequency domain symbols, as described in [4].

[image: image2]
Figure 2: Comparison of CCDF of PAPR for RB based TR with clipping
2.3 PAPR reduction by circulated clipping and filtering 
Alternative to TR scheme, circulated clipping and filtering is evaluated in Figure 3, which shows comparable PAPR reduction to that of RB based TR.  

[image: image3]
Figure 3: Comparison of CCDF of PAPR for circulated clipping and filtering
3 Conclusions

RB based TR scheme and clipping techniques, which do not require standardization efforts to implement them, are compared with conventional TR scheme in terms of PAPR reduction and throughput loss/EVM degradation. These primary results show that these implementation specific techniques (without any standardization requirements) are effective in reducing PAPR. Further, PAPR reduction is possible with further throughput loss/EVM degradation, which is subject of further discussion in RAN4. 
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5 Annex: Simulations Assumptions
Table 2: Simulation parameters
	Parameter
	Values
	Note

	Bandwidth mode
	1.25/2.5/5.0/10.0/20.0 MHz
	As in TS25.814[5]

	CP type
	short CP 
	As in Table 7.1.1-1 of TS25.814[5]

	Number of resources blocks (RB)
	All available RBs are used
	

	Reference signal
	Reference signal in 1st and 5th OFDM symbol in a slot, and pilot spacing of 6 sub-carriers.  
	As in TS36.212 

	Modulation
	All RBs are assumed to be 64QAM 
	

	Channel model
	AWGN
	

	Tx filters
	
	To shape the spectrum in order to meet the spectrum mask (scaled version of WCDMA mask)

	Tx-Rx
	1Tx and 1Rx
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