3GPP TSG-RAN WG1 #47

R1-063481

Riga, Latvia, November 6-10, 2006

Agenda item:
6.10 DL PAPR Reduction
Source: 
Lucent Technologies
Title: 
Comparison of DL PAPR reduction methods

Document for:
Discussion and Decision
1. Introduction

The usage of PAPR reduction methods for the E-UTRA downlink has been motivated in [1]. However, all PAPR reduction methods use up some resources in terms of power, bandwidth, transmit data size, etc. 

In this paper, we try to compare the usefulness of various PAPR reduction methods for E-UTRA and propose a scheme that appears to have the best trade-off between resource consumption and PAPR reduction, whereby UE complexity is not measurably increased.

2. PAPR reduction methods

A brief overview and classification of PAPR reduction methods is given in the following.

2.1. Methods causing in-band distortions or out-of-band emissions

The most straightforward approach to PAPR reduction is a clipping of the signal at a maximum amplitude. However, clipping causes spectral re-growth and out-of-band emissions as well as in-band distortions in terms of EVM. Both effects are highly undesirable. In particular, spectral mask constraints may already be difficult to satisfy even without spectral re-growth from non-linearities, and EVM requirements may need to be chosen quite stringent for higher modulations of 16QAM and 64QAM.

Peak-notching is an improvement as compared to clipping because it subtracts at the peak positions an entire waveform with pre-defined spectral characteristics. Alternative methods project some peak limitation onto errors is selected constellation points. All these methods are limited by the EVM and spectral mask requirements and, hence, have only limited PAPR reduction capabilities. These methods do not require specification by the standards and are usually proprietary. It may be noted that it is useful to define EVM per modulation scheme, such that PAPR methods could be applied selectively per modulation scheme.

2.2. Methods operating jointly over all resource blocks

PAPR reduction methods have been suggested for OFDM that modify all sub-carriers signals in a predefined way. These techniques include specific interleaving methods and coding methods over the sub-carrier signals. However, to support these PAPR reduction methods, the UE would need to receive and decode the signals over the entire carrier bandwidth. These methods would significantly increase the implementation complexity for the UE.

2.3. Extending the modulation constellation

Several PAPR reduction techniques introduce additional flexibility to extend the modulation constellation. In particular, the “Active Constellation Extension” allows the outer constellation points to vary without reducing the minimum distance among constellation points. “Tone Injection” increases the constellation size so that each of the points of the basic constellation can be mapped into several equivalent points in the extended constellation. However, these methods require specific receiver processing to account for the extended constellation. Log-likelihood ratios are particularly difficult to compute in the receiver for extended constellations, and amplitude estimation required for decoding higher order modulations is no longer possible based on the received data symbols. Furthermore, these methods change the output power per user in a way that is not under the control of the scheduler.

2.4. Mapping the modulation constellation with side-information 

The “Selected Mapping Technique” and the method of “Partial Transmit Sequences” modify the constellation with one multiplication per OFDM symbol, whereby the multiplication factor is usually included in the transmission as additional control information for the receiver. To avoid transmitting excessive large amounts of control information, the multiplication factor can be coarsely quantized and the same multiplication factor can be applied to multiple sub-carriers. The method of “Partial Transmit Sequences” or short PTS describes the case when  multiple sub-carriers share the same multiplication factor. Figure 1 depicts the principle of PTS.
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Figure 1: PAPR reduction method of “Partial Transmit Sequences” (PTS)

Obviously, PTS lends itself nicely for OFDMA since all sub-carriers within a resource block can share the same multiplication factor bi per OFDM symbol, thus requiring less control information. To avoid any power scaling that is not under the control of the scheduler, the factors can be chosen to be on the unit circle. We have found from simulations that it is advantageous to choose QPSK multiplication factors from the set 
{1,i,-1,-i }, which requires 2 bits of control information per resource block and per OFDM symbol. While 2 bits of control information is still a significant overhead for users employing QPSK modulation, we choose to apply PTS only to resource blocks with higher modulations, i.e. only for a subset of the available resource blocks. It is shown with simulations in Section 3 that PAPR is significantly reduced with applying PTS to few resource blocks only.

2.5. Using dedicated resources

“Tone Reservation”  (TR) employs dedicated or spare sub-carriers to generate a peak compensation signal. In the presence of unused sub-carriers, TR may be an attractive method to be used. However, in general TR reduces the number of available sub-carriers and also consumes extra power for the compensation signal. It may be noted that a straightforward minimization of the peaks with the reserved sub-carrier signals often leads to excessively high power in these sub-carriers. Therefore the computation of the reserved sub-carriers is subject to a power spectral density constraint in these sub-carriers, which also yields a complicated optimization procedure. It may be noted that the optimum gain from PAPR reduction with TR is obtained when the reserved sub-carriers are irregularly spaced, which may not be an attractive feature for a standards specification.  Finally, it may be noted that the DC sub-carriers cannot be used for TR, since the DC distortion is difficult to control and would dominate the PAPR compensation signal. Despite all these disadvantages, it could be very useful to use spare and otherwise wasted sub-carriers for PAPR reduction. TR subject to spectral mask constraints does not require specification by the standards and could be proprietary.

3. Performance Evaluation for TR and PTS

Based on the discussion in the previous Section, we attempt a direct comparison of the two methods that we consider most useful for E-UTRA. In particular, the “Tone Reservation” (TR) method may be useful if not all available sub-carriers can be allocated to resource blocks. The method of “Partial Transmit Sequences” (PTS) appears to be the method that is most suitable for an OFDMA system, without causing distortions or additional power scalings. 

We compare TR and PTS for 5 MHz bandwidth with 301 used sub-carriers, including the DC sub-carrier that is set to zero. For the purpose of this comparison, all sub-carriers are 16QAM modulated and have equal power setting. We use the definitions for the long-term and symbol-wise complementary cumulative distribution function (CCDF) for PAPR as defined in [1]. All CCDF figures with simulation results also show the Gaussian reference curve for the long-term PAPR and the approximation for symbol-wise PAPR as given in [1]. The solutions for both methods, TR and PTS, have not been obtained by exhaustive search, which may be infeasible for reasons of computational complexity, but approximated by some methods that converge to the close-to-optimum solution with a rather limited computational complexity. In the optimization for TR, the reserved sub-carrier power has not been constrained by any spectral mask requirement, and the additional power consumed by the reserved sub-carriers has not been accounted for.
Figure 2 shows the PAPR reduction with TR when using 1, 3, or 6 reserved sub-carriers, corresponding to 0.33%, 1% and 2% overhead in a 5 MHz bandwidth with 301 used sub-carriers, respectively. The corresponding long-term PAPR reduction at a probability of 10-4 is 1 dB, 1.7 dB and 2.4 dB.
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Figure 2: PAPR reduction with TR for 5 MHz bandwidth
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Figure 3: PAPR reduction with PTS for 5 MHz bandwidth
Figure 3 shows the PAPR reduction with PTS when 20%, 40%, 60%, 80% or 100% of the resource blocks are multiplied with a QPSK rotation factor corresponding to a long-term PAPR reduction at a probability of 10-4 of 2 dB, 2.8 dB and more than 3 dB for all other values. It may be noted that a large PAPR reduction is experienced from multiplying a relatively small number of resource blocks. There is virtually no difference between rotating 80% or 100% of the resource blocks, which can be explained by the fact that the PAPR itself is rotation invariant with respect to rotating the entire signal. The control signalling overhead for PTS is dependent on the modulation scheme chosen for a particular resource block. Since all sub-carriers for a particular user are rotated with the same factor, the overhead in additional control signalling for conveying the information about the rotation factors is small. For E-UTRA with resource blocks for user allocation consisting of 12 sub-carriers, respectively, the control signalling overhead for a particular 16 QAM users is roughly 2/48, the control signalling overhead for a 64 QAM user is roughly 2/72.

Figure 4 summarizes the results for TR and PTS by comparing the PAPR reduction versus the overhead or control signalling respectively. Based on these results, it seems that usage of PTS has some advantage over TR.
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Figure 4: Summary of the long-term PAPR reduction results at probability 10-4 versus overhead or control signalling for TR and PTS
4. PAPR for some realistic scenario

In this Section, we investigate a more realistic scenario consisting of a mix of users with different modulation schemes, i.e. 20% users employ 64QAM, 20% users employ 16QAM and all other users have QPSK modulation. The power of all users is equally distributed over the settings {0, -3, -6, -9} dB. The users are randomly distributed over the available resource blocks. Only users with 64QAM or 16QAM modulation (total 40% of all users) are used in the PTS rotation. Figure 5 shows the results obtained for 5 MHz bandwidth, Figure 6 shows the same results for 20 MHz bandwidth. From comparing Figure 5 and Figure 6, we observe that the long-term PAPR is reduced to almost identical values for different bandwidths.
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Figure 5: PAPR reduction with PTS for a traffic mix and different power settings for 5 MHz bandwidth
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Figure 6: PAPR reduction with PTS for a traffic mix and different power settings for 20 MHz bandwidth
5. Proposed PAPR reduction scheme 
It is suggested to use PAPR reduction methods that are dependent and adaptive with respect to the modulation schemes and data symbol chosen in the downlink.  

a) Pilot symbols are transmitted without modifications to permit reliable and simple channel estimation in the receiver.

b) PTS is applied to higher modulation schemes only, because the additional overhead for transmitting the information about the rotation factors is small compared to the data rate for these users. Every user employing 64 QAM and 16 QAM modulation has optionally the OFDM symbols rotated by either one of the factors {+1,j,-1,-j} which requires 2 bits extra information per OFDM symbol at the receiver. The application of PTS and the corresponding control signalling requires specification by the standards.
c) QPSK modulated signals are less sensitive towards modulation errors and more tolerant towards EVM.  EVM requirements should be specified modulation specific in E-UTRA, and EVM requirements are less stringent for QPSK than those for higher modulations. Therefore it is possible to introduce a limited amount of signal distortion in the QPSK sub-carrier signals with the intention of lowering the PAPR. The compensation signal in these subcarriers needs to be compliant with the EVM requirements defined.

d) Sub-carriers that are temporarily or permanently unused and do not carry any modulated data symbols, can be employed to introduce a compensation signal for lowering the PAPR. The compensation signal in these subcarriers needs to be compliant with the power spectral density mask defined.
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