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1 Introduction

A number of contributions in recent meetings (Tallinn, Seoul, see [1]-[7]) have touched on ways to reduce the peak power of the downlink signal. While advantages of a low peak-to-average power ratio (PAPR) are recognized by all, views diverge on whether standardization work in RAN1 is needed at present. Some of these views, however, were based on reduction methods employed in UTRA or academic results for OFDM transmission.
In this contribution, we present variations/simplifications of the concept of tone reservation [1]-[3] tailored to the LTE downlink resulting in transparent and flexible PAPR reduction. We illustrate that the disadvantages reported in [4]

 REF _Ref157838395 \r \h 
[5] can be kept small by elegantly exploiting some properties of the LTE downlink and we argue that significant PAPR-reduction can be achieved with negligible effect on the signal quality and average cell throughput, while requiring only few L1 aspects to be standardized.

2 Incidental PAPR reduction by user-specific bit-inversion
Tone reservation has been proposed as a viable means for reducing the PAPR of the downlink signal [1]-[3]. Highlighted advantages of PAPR reduction are lower cost and/or more efficient operation of the power amplifier, while a disadvantage is that a subset of all the subcarriers never can be used for data transmission [4]

 REF _Ref157838395 \r \h 
[5]. This reduces the spectral efficiency of the downlink and it is left to be proven that this loss is (over-)compensated by an improved link budget in the downlink.
Some straightforward modifications of the tone reservation concept (described in the following), however, significantly reduce the price paid for the PAPR reduction. In particular, these modifications capitalize on three basic properties of the LTE downlink.
1. Long-term variations in DL-power. Maximum DL power is not employed all the time. In all radio frames where the base station operates below its maximum power there may not be a need for PAPR reduction and here, as many subcarriers as possible should be used for data transmission. A mechanism where the base station determines from time to time whether PAPR reduction is needed would improve downlink efficiency. Such a solution would require that the base station periodically signals a flag on the downlink indicating whether PAPR reduction is employed or not.

2. Channel coding. Completely refraining from data transmission on certain reserved tones seems not very spectrally efficient. For higher spectral efficiency in PAPR reduction, the strength of the channel codec could be exploited instead. We therefore suggest a mechanism where the base station as a part of the bit-to-symbol mapping inverts some of the encoded bits, based on a PAPR optimization criterion. In other words, rather than entire subcarriers being reserved, the base station operates with a set of bits being candidate for PAPR-reduction means (these means only being invoked when PAPR so requires, see 1.).
3. Frequency scheduling. We suggest that the base station inverts bits only in one (or a few)  users' sequences of encoded bits. This allows the base station to choose the particular physical channel(s) or UE(s) in each TTI that temporarily sacrifice throughput. In particular, this yields a flexible way to limit the disadvantages of the PAPR-reduction by selecting users with a low code rate for bit inversion. A one-bit flag is then signalled to each scheduled UE (typically embedded in the DL L1/L2 control channel) allowing the UE to account for the potentially inverted bits.
The above modifications imply the following potential benefits in the DL design

· PAPR reduction is only performed when needed. When not needed, DL operation does not suffer in performance

· The cost of the PAPR reduction is flexibly distributed over few appropriate physical channels (UEs). Cell edge UEs may, for instance, be freed from potential disadvantageous effects.

· Combination with traditional PAPR reduction methods (controlled clipping) is fully possible. Thus the available EVM budget is more efficiently used.

· Only two aspects need standardization. A user-specific one-bit flag indicating whether or not bit-inversion is employed in the relevant channel and a predefined subset of bits as candidates for bit-inversion.
As an indication of the gain versus the price of the above, Figure 1 in the Appendix shows that 1.5 dB PAPR reduction is obtained by using a set of 12 candidate bits in a 1200-bit OFDM symbol (300 16QAM symbols). When a rate-1/3 channel is selected for this bit inversion its loss in terms of BLER is shown in Figure 2 to be less than 0.15 dB. Note that only one user frequency- multiplexed with others in a TTI suffers this (small) throughput-loss. All other users in the TTI do not sacrifice throughput at all. System-level performance degradation should therefore be negligible.
3 Conclusion
Based on the above we conclude that DL PAPR-reduction could yield significant positive net-effects with few aspects needed to be standardized.
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Appendix

Table 1: Simulation assumptions

	Bandwidth mode
	5 MHz

	modulation
	16QAM

	code rate
	1/3

	Number of bits used for PAPR reduction
	1%: 12 physical bits (out of 1200) in each OFDM symbol
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Figure 1: Complementary cumulative distribution function of a system with bit-inversion compared to a reference system without PAPR reduction.
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Figure 2: BLER for a UE with rate 1/3 code rate function in a system with bit-inversion compared to a reference system without PAPR reduction.











































































