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PAPR Reduction for OFDM



Shu Wang



Outline • Understanding OFDM and PAPR (Peak-to-Average Power Ratio) from



•



• a signal processing perspective, • a coding perspective, • and an implementation perspective. Existing PAPR reduction techniques • • • •



Coding: Block Coding. Signal Processing and Filtering: Clipping, PST. Signal Randomizing: TR, SLM Constellation Optimizing: TI, ACE



• PAPR reduction in various wireless standards • • • •



GSM: Gaussian Minimum Shift Keying (GMSK) WCDMA: Hybrid Phase Shift Keying (HPSK) UMB: dynamic PA backoff and scheduling. LTE: Single-Carrier Frequency Division Multiplexing ( SC-FDM)



• A survey on published PAPR patents and applications • Some new PAPR reduction technologies are proposed • PAPR reduction with group-based cyclic delays • PAPR reduction for layered transmission, such as High-Rate STBC.



Introduction •



•



•



PAPR issues are the problems associated with the high power peaks occurring in the signals to be processed. • They are historical problems in wireless system design. • They becomes more critical when we are moving to broadband communications. PAPR issues are intensively investigated by both academy and industry: • Known techniques: clipping, coding, PTS, SLM, dynamic PA backoff, single-carrier modulation, etc. • Relevant standards: GSM, WCDMA, UMB, LTE, etc. A Million $$ Question: how to efficiently control PAPR? • Different wireless systems have their own requirements of PAPR. • The cost and efficiency of the implementations always are major concerns when considering a PAPR reduction technique. • It is very necessary for this issue to be revisited when new mobile systems are being developed.



Orthogonal Frequency Division Multiplexing (OFDM) (1/2) •OFDM is a digital multicarrier modulation scheme consisting of • a large number of closely-spaced orthogonal subcarriers, • a guard interval between OFDM symbols for eliminating inter-symbol interference (ISI), • and pilot tones for channel estimation.
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Orthogonal Frequency Division Multiplexing (OFDM) (2/2)



•OFDMA v.s. CDMA • Advantages over Single-Carrier CDM • higher data rate and capacity with less implementation complexity. • strong resistance to ISI due to guard interval. • combined easily with MIMO technologies.



• Disadvantages over Single-Carrier CDM • less efficient for traffic bursts than CDM • dealing with CCI is more complex than in CDM • the CQI feedback and adaptive subcarrier assignment is more complex than the fast power control in CDM.



•OFDM has been adopted in various standards and is a strong candidate for the next-generation wireless broadband systems. • Existing systems: Wi-Fi, WiMAN, UMB, LTE, • Future systems: IMT-advanced.
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PAPR: A Signal Processing Perspective •The statistic properties of PAPR can be described by CCDF (complementary cumulative distribution function). •And let’s do something a little bit heuristic. • Assume the frequency-domain symbol is complex Gaussian distributed. • When the number of subcarriers, L, become large, the instantaneous power of each OFDM signal chip can be modeled by a chi-distributed signal with two degree of freedom.



CCDF (γ ) = Pr (PAPR > γ )



= 1 − Pr (PAPR ≤ γ )



[



= 1 − Pr



CG



(



( p ≤ γ )]
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PAPR: A Coding Perspective
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•What is the achievable region of triplets (R, d, PMEPR) ? • Given a code of length n, what is the relationship between PMEPR and the minimum Euclid distance (mED) d* ? Å A Sphere Packing Problem. • Given a codeset of q-ary code c with length n, what is the relationship between the size of the codeset and minimum Hamming distance (mHD) D ? Å A Sphere Packing Problem again.



Rapp’s SSPA Model
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•The knee factor P controls the smoothness of the SSPA characteristic. When P = 2, it leads to a good representation of the HPA’s in the sub-10 GHz frequency range.



Power Amplifier Characteristic OFDM, P0=2, N1=256, 8*ovs, alpha=.125 10 BO=5 dB BO=7 dB BO=10 dB
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•AM/AM characteristics of the Rapp SSPA model, P=2
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The Effectiveness of PAPR Clipping (1/3) •One of the simplest approaches to reduce PAPR is clipping, where the peak signal is limited by a certain threshold, Amax. •The effectiveness of PAPR clipping is defined by the clipping ratio, the ratio between the threshold and root square of the average power N=64, oversampling factor 4, Thompson, et al 2005



Clipping Ratio : γ =



Amax Ps



⎧⎪ s (t ) if s(t ) ≤ Amax c(t ) = ⎨ jϕ ( t ) otherwise ⎪⎩ Amax e It works! But how good is it?



The Effectiveness of PAPR Clipping (2/3) •Modulation: M-PSK; Carriers:



N; Knee factor p=2; AWGN Channel; BER = 1.0e-4 •The sensitivity to nonlinearity is also proportional to M • 6dB IBO: it is tolerable for M=2, 4; but the error floor for M = 16 is around 1.0e-3; • 3dB IBO: it is tolerable for M=2, 4; but the error floor is high for M=8, 16



Thompson, et al 2005



The Effectiveness of PAPR Clipping (3/3)



HIPERLAN2 HPA Spectral Regrowth. ( McCallister, 2000 )



Total Degradation •Total degradation = SNR_PA



- SNR_AWGN + IBO



• SNR_PA := the required SNR for achieving a certain BER when the PA distortion at a given backoff is considered. • SNR_AWGN := the required SNR for achieving a certain BER in AWGN channel with no implementation distortion. • IBO := input backoff.



High spectral efficiency with high-order modulation demands PAPR reduction.



Challenges Brought By High PAPR •



•



Peak transmit power is limited by • Regulations • Interference. both in-band and out-of-band interference are concerned. • Hardware Limitations, especially when the bill of materials and power consumption are among the major concerns. High PAPR of OFDM signals, especially at the high carrier frequency, e.g. 2-5GHz, and with high-order modulations, brings new challenges for the implementations. • It demands the HPA with large backoff. • It demands the high power amplifier with better efficiency. • It requires the up-converter with high linearity. • It requires the ADC with large dynamic range. • It requires the LO with low phase noise level.



Existing PAPR Reduction Approaches • Clipping: In-band distortion mostly is negligible. But out-of-band distortion is more •



• • •



serious. Filtering and Signal Processing : • time-invariant linear filter results in less peak regrowth and lower PAPR than DFT filter in general, if there is no spectral masking. • Partial Transmit Signaling (PTS): divide/Group into clusters and each of them is done with a smaller IFFT. [Muller and Huber, 97] • Tone Reservation (TR): inserting anti-peak signals in unused or reserved subcarriers. The objective is to find the time-domain signal to be added into the original time-domain signal such that PAPR is reduced. [Tellado, 00] Coding: The idea is to select a codeword with less PAPR. it still is an open problem to construct codes with both low PAPR and short Hamming distance. Selected Mapping (SLM): it is based on selecting one of the transformed blocks for each data block, which has the lowest PAPR. [Bauml, Fisher and Huber, 96] Constellation Optimization • Tone Injection (TI): the basic idea is to increase the constellation size so that each of the points in the original basic constellation can be mapped into several equivalent points in the expanded constellation. • Active constellation extension (ACE): similar to TI. [Krongold and Jones, 03]



Coding for PAPR Reduction Peak-to-Mean Envelope Power Ratio (PMEPR)
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•What is the achievable region of triplets (R, d, PMEPR) ? • Given a code of length n, what is the relationship between PMEPR and the minimum Euclid distance (mED) d* ? Å A Sphere Packing Problem. • Given a codeset of q-ary code c with length n, what is the relationship between the size of the codeset and minimum Hamming distance (mHD) D ? Å A Sphere Packing Problem again. •The difficulty is to find the right codes. Some block codes are reported for approving the concept. [Jones, Wilkinson & Barton, 94]



Partial Transmit Signaling (PTS) • Divide into M clusters, • Each cluster is converted into time-domain with shorter IFFT • Combine the M output sequence to minimize the PAPR



Can we weigh grouped signals before IDFT/IFFT?



Selective Mapping



M



Pr{PAPR1, 2,..., M > γ } = ∏ Pr{PAPRi > γ } i =1



= Pr{PAPR1 > γ }M Symbol length N=64, Symbols – L, [ Baxley, 05 ]



•This method is based on generating M statistically independent transformed blocks for each data block and transmitting the one with the lowest PAPR. • Multiple data streams by M different sequences • Converted them independently into time domain with IFFT • Select the best sequence for transmission. •It requires transmitting some side information about the identity of the selected block.



Active Constellation Extension



PAPR improvement. ( Sequans communications )



•A iterative procedure is carried out for determining the desired constellation diagram • • • •



A IFFT is operated on the output of symbol mapping. A PAPR clipping is performed on IFFT output A FFT is done on the output of the clipping. The symbol constellation is optimized with the output of the FFT.



Tone Reservation: Pilot Pattern Optimization



•For MIMO-OFDM, there are a variety of pilot channels • Types of pilot channels • Common Pilot Channels: for generating CQI, DRC • Dedicate Pilot Channels: for channel estimation/equalization. • Position of channels: distributed in time, frequency and space domain. •A proper design pilot channel can help reduce PAPR.



Comparison of PAPR Reduction Techniques



S. Han, J. H. Lee, 2005, IEEE Wireless Communicarion



A Quick Summary •



•



•



PAPR issue is not unsolvable. The key is the complexity and cost associated with the proposed schemes. For example, • it can be solved, if multiple HPAs are available, each of which transmits a small number of subcarriers; • it can be solved by Tx/Rx joint optimization, if additional signal preprocessing information can passed from Tx to Rx. Sometimes, this question sounds more like a typical engineering problem instead of a mathematic one. • Can you solve it at Wal-Mart price? Even through the performance is not perfect. Brainstorm is needed.



The PAPR Reductions In Existing Standards • • • •



GSM: Gaussian Minimum Shift Keying (GMSK) WCDMA: Hybrid Phase Shift Keying (HPSK) UMB: dynamic PA backoff and scheduling. LTE: Single-Carrier Frequency Division Multiplexing ( SC-FDM)



PAPR Reduction in GSM



•The GSM modulation is GMSK (Gaussian Minimum Shift Keying), which has a



constant envelope and is optimized for amplifier PAPR requirement. • GMSK is a variation of MSK, which is derived from OQPSK by replacing the rectangular pulse in amplitude with a half-cycle sinusoidal pulse. • A Gaussian-shaped impulse response has low side lobes and narrower main lobe than the sinusoidal or rectangular pulse. •As a narrow-band system, the GSM signal can be spread relatively more widely in the time domain, this allows the use of a less linear amplifier with better power conversion efficiency.



PAPR Reduction in W-CDMA (1/2)



•In WCDMA uplink, DPDCH and DPCCH are I-Q/code multiplexed, which is also called dual-channel QPSK modulation. •The power levels of the DPDCH and DPCCH are typically different. •The transmission of two parallel channels leads to multicode transmission, which increase PAPR. •Therefore, the efficiency of the WCDMA power amplifier is lower that that of GSM in reality. • High PAPR due to multi-code transmission. • Low Average Power due to the fast power control in the WCDMA uplink.



PAPR Reduction in W-CDMA (2/2)



•With complex scrambling, the transmitter HPA efficiency remains



the same as for normal balanced QPSK in general. •The complex scrambling codes are formed in such a way that the rotations between consecutive chips within one symbol period are limited to ±90o. The full 180 rotation can happen only between consecutive symbols. • For short codes, the complex scrambling codes are formed by combining two codes. • For long codes, it is from a single sequence with a delay.



PAPR Reduction in UMB (1/2) •Two observations • Smaller assignment span => less OOB emission • Further away from the edge => less OOB emission •Subband Hopping/Scheduling: channels within a subtree hop locally. • Both frequency diversity and interference randomization are achievable.



PAPR Reduction in UMB (2/2) •



•



Dynamic PA Backoff: scheduler adapts assignments of different ATs based on their PA characteristics and power limitation. • Schedule power-limited users away from the edge of spectrum allocation and other users on the remaining spectrum with taking into account user’s power limitation as well as channel selectivity across subbands. • AT adjust its PA backoff according to its assignment location The implementation • AT defines 3 values of differential PA headroom basically as the maximum available transmit power relative to the total power used for R-PICH. • When AT has reverselink traffic, it is transmitted in-band as part of MAC header; otherwise, via a dedicated reverse control channel.



PAPR Reduction in LTE (1/2) Coded symbol rate = R (NTX symbols)



…



…



…



DFT (NTX)



SubSub-carrier Mapping



…



…



IFFT (NFFT)



CP insertion



…



•DFT-OFDMA • Localized mapping: multiuser diversity + frequency-selectivity scheduling: SC-FDMA (Single-Carrier FDMA) • Distributed mapping: also known as Interleaved FDMA (IFDMA): Frequency diversity



PAPR Reduction in LTE (2/2) 16 QAM 1/2, Red: OFDMA, Blue:IFDMA, FFT size:1024, M=128
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•SC-FDMA has low PAPR in time domain but high PAPR in frequency domain. •SC-FDMA has about 1.5 for 16QAM and 2.5dB for QPSK in PAPR gain but less frequency diversity gain. This means, in general, OFDMA needs about 2dB additional PA backoff •OFDMA has link level advantage about 2dB.



The Patents/Applications of PAPR Reduction 1) 6128350: Method and apparatus for reducing peak to average power 2) 3) 4) 5) 6) 7) 8) 9)



ratio in digital broadcasting systems (USA Digital Radio) 6128351: Filter for multicarrier communication system and method for peak power control therein (Motorola) 6512797: Peak to average power ratio reduction (Univ. of Stanford) 6556557: Method and system for reducing of peak-to-average power ratio of transmission signals comprising overlapping waveforms. (AT&T) 6741661: Method and apparatus for peak-to-average power reduction (Qualcomm) 6925128: Method and apparatus for reducing a peak-to-average power ratio in an orthogonal frequency division multiplex signal (Motorola) 7002904: Method and apparatus for reducing peak power in partial transmit sequence OFDM (Samsung) 7031397: Communication system with reduced power variation and method therefor (Motorola) 20060286946: Peak to average mitigation (Qualcomm)



Published Patent/Publication I • (6128350) Method and apparatus for reducing peak to average power ratio in digital



broadcasting systems • Filing date: Aug 24, 1999; Issue date: Oct 3, 2000 • Inventors: Anjali Shastri, Brian William Kroeger; Assignee: USA Digital Radio, Inc. •… The method comprises the steps of modulating a plurality of sub-carriers with a plurality of data symbol vectors to produce a first modulated signal; • limiting the magnitude of the first modulated signal to produce a first limited modulated signal; • demodulating the first limited modulated signal to recover the constellation points; • predistorting the data symbol vectors to provide a minimum magnitude for in-phase and quadrature components thereof to produce predistorted data symbol vectors; • modulating the plurality of carriers with the predistorted data symbol vectors to produce a second modulated signal; limiting the magnitude the second modulated signal to produce a second limited modulated signal; • and reducing intermodulation products in the second limited modulated signal. Transmitters that perform the method are also included.



Published Patent/Publication II •(6128351) Filter for multicarrier communication system and method for peak power control therein • Filing date: Jun 21, 1998; Issue date: Oct 3, 2000 • Inventors: Alan Jones, Paul Golding; Assignee: Motorola, Inc. •A communication device (60) for simultaneously transmitting independent information (82) on multiple channels comprises a modulator (66) and at least two matched filters (68-70). Each matched filter has a unique predetermined characteristic that is a time-reversed, complex conjugate of a complex waveform shape (72) produced by the modulator (66) in response to a channel encoder previously supplying known codeword vectors (75) to the modulator (66). Therefore, a composite signal envelope (82) produced for transmission by the communication device (60) of FIG. 4 has a reduced peak-to-mean envelope power ratio (PMEPR), since relatively large excursions in complex waveform shapes subsequently generated by the modulator (66) are unmatched by the unique filter characteristics while relatively small excursion are matched and therefore enhanced.



Published Patent/Publication III •



•



(6512797) Peak to average power ratio reduction • Filing date: May 19, 1998; Issue date: Jan 28, 2003 • Inventors: Jose Tellado, John M. Cioffi; Assignee: The Board of Trustees of the Leland Stanford Junior University …Peak to average power ratios are reduced by applying a peak reduction signal component to one or more of the plurality of information signals that make up the multi-carrier signal. In one embodiment the peak reduction signal is a basis function of the communication system. The information signal is mapped to duplicate constellation points, which may be easily decoded by a receiver by performing a modulo operation. Negation of the peaks may be performed iteratively to remove any peaks produced during prior peak reduction operations.



Published Patent/Publication IV •(6556557) Method and system for reducing of peak-to-average power ratio of transmission signals comprising ... • Filing date: Jun 2, 1999; Issue date: Apr 29, 2003 • Inventors: Leonard Joseph Cimini, Jr., Nelson Ray Sollenberger; Assignee: AT&T Corp. •…According to one embodiment, the present invention is applied to reduce the PAP of an OFDM signal. According to an alternative embodiment, the present invention is applied to reduce the PAP of a CDMA signal. Rather than seeking the optimum solution, which involves significant computational complexity, the present invention provides for a number of sub-optimal techniques for reducing the PAP of an OFDM signal but with much lower computational complexity. In particular, according to one embodiment utilizing the PTS approach, an iterative technique is used to assign phase factors to each of a set of partial transmit sequences from a set of possible phase factors. ….



Published Patent/Publication V •(6741661) Method and apparatus for peak-to-average power reduction • Filing date: May 22, 2001; Issue date: May 25, 2004 • Inventors: Charles E. Wheatley, III, Rashid A. Attar ;Assignee: Qualcomm Incorporated •A method and system that reduces the peak-to-average power ratio of a reverse link signal is described. A baseband structure implements a peak reduction technique using peak windowing. A non-rectangular window is used to distort the signal. One embodiment of the window is an inverted-raised cosine with the peak reduction a function of the relative difference in the squaredmagnitude of the envelope relative to that of the desired peak-to-average power ratio. Multiple passes through the peak-reduction function may be performed until a desired target peak-toaverage power ratio is achieved.



Published Patent/Publication VI •



•



(6925128) Method and apparatus for reducing a peak-to-average power ratio in an orthogonal frequency ... • Filing date: Oct 31, 2002; Issue date: Aug 2, 2005 • Inventor: Celestino A. Corral; Assignee: Motorola, Inc. An apparatus and method therein for reducing a PAPR in an OFDM signal includes: • a reorderer (104) that reorders (706) a plurality of elements of an original frequency-domain input vector in a predetermined manner to create a plurality of candidate input vectors; • a Fourier processor (108) that performs (708) an inverse Fourier transform on the candidate input vectors to obtain a corresponding plurality of approximating OFDM outputs; • a comparator (114) that compares (710) samples of each of the approximating OFDM outputs with corresponding samples of a target output signal; • and an output selector (110) that chooses (712) a desired output signal from the approximating OFDM outputs, in response to a comparison of the samples.



Published Patent/Publication VII



•(7002904) Method and apparatus for reducing peak power in partial transmit sequence OFDM • Filing date: Dec 20, 2001; Issue date: Feb 21, 2006 • Inventor: Dae-Kwon Jung; Assignee: Samsung Electronics Co., Ltd. •There is provided a PTS (Partial Transmit Sequence) OFDM (Orthogonal Frequency Division Multiplexing) scheme for reduction of a PAPR (Peak-to-Average Power Ratio). In an OFDM transmitting apparatus for peak power reduction according to the present invention, an rotational sub-block partitioner partitions an input data block of length N into M, the number of sub-block, and distributes the partitioned data of each data block in M sub-blocks one by one rotationally. M IFFTs (Inverse Fast Fourier Transformers) perform N/M-point IFFT on N/M data assigned to each of the M sub-blocks and M coefficient multipliers multiply the N/M data output from each IFFT by a predetermined coefficient to give orthogonality to the frequency components of the N/M output data. A phase factor optimizer optimizes M phase factors to minimize a PAPR using the N/M output values of each coefficient multiplier. M multipliers multiply the optimized M phase factors by the outputs of the coefficient multipliers....



Published Patent/Publication VIII •(7031397) Communication system with reduced power variation and method therefor • Filing date: Jul 5, 1999; Issue date: Apr 18, 2006 • Inventor: Rorie O'Neill; Assignee: Motorola, Inc. •…The present invention provides reduced power variation without compromising performance or bandwidth. Information symbols to be transmitted on the individual subchannel are fed to encoders which map the information symbols into channel symbols by increasing their order. The encoding in response to a forward error correction scheme and includes selection between redundant symbol values to reduce power variation. Preferably the encoder includes a trellis coder jointly encoding the symbols and a compensation data set to reduce power variation.



Published Patent/Publication IX



• •



(20060286946): Peak to average mitigation • Filed: December 8, 2005; • Inventors: Akkarakaran; Sony John; et. al; Assignee: Qualcomm A method and transmitter for generating a transmission signal are disclosed in various embodiments. In one step, a first magnitude relationship of a received first plurality of symbols is determined to see if it qualifies for modification. At least one of the first plurality of symbols are modified when the first magnitude relationship qualifies to produce a second plurality of symbols. A transmission signal is produced using the second plurality of symbols, where a second magnitude relationship of the second plurality of symbols is different than the first magnitude relationship.



The Proposed PAPR Reduction Techniques •



• •



PAPR Reduction with Group-Based Cyclic Delay Control • The input symbols are partitioned into multiple groups. • The IFFT output of each group is cyclically delayed and combined for reducing PAPR. PAPR Reduction for Layered Transmission • The symbols of multiple layers are weighted and combined for reducing PAPR. PAPR Reduction for High-Rate STBC • A High-Rate STBC consists of two Alamouti STBC. • The symbols of each Alamouti STBC are weighted and optimized for reducing PAPR.



The Proposed PAPR Reduction Technique (1/2)



Cyclic delay and Cyclic/ Zero Prefix



IFFT Dividing, Decomposition, Grouping or Clustering, or amplitude adjustment if necessary



Combining and PAPR calculation



IFFT



Cyclic delay and Cyclic/ Zero Prefix



PAPR detection and control



The Proposed PAPR Reduction Technique (2/2) •



Difference to PTS • The weighting procedure • With PTS, the symbols of each group are IFFT’ed and then weighted in terms of phase and amplitude before combining and PAPR detection. • With the proposed concept I, the symbols of each group are weighted and then IFFT before combining and PAPR detection. • With the proposed concept II, the symbols of each group are IFFT’ed and cyclic delayed before combining and PAPR detection. • Weighs information • With PTS, the weighs information of each group should be passed to the receiver for demodulation. • With the proposed scheme, it may not be necessary for pass the weighs information since it can be taken as a part of channel response. • Some optional pilots or compensation symbols can be added for reducing PAPR and helping receiver estimate channel.



Space-Time Block Coding •Orthogonal STBC has the advantages of • simple receiver design. • maximum diversity



•But it is known that full-rate codes don’t exist for more than 2 transmit antenna. •Alamouti’s code is the simplest open-loop orthogonal STBC. • It was designed for a two-transmit antenna system. • It is a rate-1 code. • It was the first open-loop encoding method with full diversity at the receiver.
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High-Rate STBC with PAPR Reduction (1/3) (
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•A1 and A2 are the signal amplitudes of the two layers. •U is a 2x2 unitary matrix with UUH=I, which is a function of θ1. • θ1 and θ2 are the rotation angle of the second layer. •One possible example of U is U = U0·ejθ .



)



High-Rate STBC with PAPR Reduction (2/3) Alamouti STBC Power and Cyclic Delay Adjustment



Alamouti STBC



U



PAPR detection and control



High-Rate STBC with PAPR Reduction (3/3) • The power allocation between layers can be decided by scheduler



and the request of mobile terminal. •The phase adjustment and power allocation can be done together for lower transmit PAPR. •The phase information can be decided by the power/phase control block with the inputs from • Scheduler. • (optional) the output of IFFT • (optional) the feedback of receiver(s). •One possible example of U, which minimizes the union bound of pairwised error probabilities at Eb/N0=10dB is
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PAPR Reduction for Layered Transmission •For achieving high spectral efficiency, layered transmission is widely applied for multi-user signal multiplexing. For example, • In IEEE 802.16e as well as LTE and UMB, there are • Transmit beamforming (adaptive antenna system, AAS) • Space-time coding and spatial multiplexing • Additionally in UMB, • Hierarchical modulation •However, layered transmission is mostly for forwardlink so far, in which the PAPR issue is not critical to the transmitter but may be important to the receiver.



Delay/ Phase Control



Signal Stream 1



Signal Stream 2



Delay/ Phase Control



Optimization



STBC Encoding, MIMO Precoding



Subcarrier Mapping, IFFT, Antenna Mapping



Conclusions • •



PAPR reduction is a historic issue existing with the development of wireless communication systems. It was seriously considered in the 2nd generation system, GSM, design. The high PAPR of OFDM bring higher requirements and more challenges on the system implementation, which limit the actual performance of OFDM systems. • PAPR ~ O(N) • OoB interference is inasmuch as or more serious than IB interference result from high PAPR. • It brings higher requirements on HPA, ADC, heat dissipation, signal processing, etc.



• Some new PAPR reduction technologies are proposed. • PAPR reduction with cyclic delay diversity • Simple and seamless PAPR reduction. Å No additional demodulation overhead • Effective with better demodulation performance. Å More diversity • A high-rate STBC scheme with PAPR reduction is proposed. It can help achieve • high throughput, Å Full rate STBC • lower transmitter design constraint, Å PAPR reduction • simple transceiver chain design. Å Open-loop operation.
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Appendix



DFT-s-OFDMA, SC-OFDMA, IFDMA, SOFDMA, … • • • • •



DFT-s-OFDMA -- DFT spread OFDMA SC-OFDMA -- Single-Carrier OFDMA, which is also called DFT-s-OFDMA with local mapping. IFDMA -- Interleaved FDMA, which is also called DFT-s-OFDMA with distributed mapping HSOPA – High Speed OFDM Packet Access SOFDMA – Scalable Orthogonal Frequency-Division Multiple Access



Amplifier Efficiency (1/2) •In general, efficiency is defined by the ratio between power out versus power in. • No electronic device can ever be 100% efficient • All lost power is converted to heat.



2 in 2 out



Pout Vout R η= = × Pin Vin R



Power Amplifier Efficiency (2/2) • • •



Class-A Amplifier: typically it has less distortion, more linear, less complex, BUT very inefficient (less than 50%). It is mostly used in smallsignal amplifiers. Class-B Amplifier: it only amplifies half of the input wave cycle and create large amount of distortion, but more efficient than Class A. up to 78.5% Class-C Amplifier: it conducts less than 50% of input signal and the output distortion is very high, but efficiency is up to 90%. It is widely used in RF transmitter



Example I: Class-A Power Amplifier Pout Vout I out η= = 0. 5 ≤ 0. 5 PDC VDC I DC



•For a Class-A amplifier, the DC supply is constant and the RF output amplitudes cannot exceed the biasing voltage and current. The result is 50% efficiency at the maximum amplitudes.



Example II: Class-B Power Amplifier



Pout π Vout I out π η= = ≤ PDC 4 VDC I DC 4



•Class-B amplifiers only amplify half of the input wave cycle. This is because the amplifying element is switched off altogether half of the time. •A single Class-B element is rarely found in practice. It is usually used as the complementary pair or push-pull arrangement.



Rapp’s SSPA Model



vout =



vin ⎛ | vin | 2 P ⎞ ⎜⎜1 + ( ) ⎟⎟ Vsat ⎝ ⎠



1 2P



•The knee factor P controls the smoothness of the SSPA characteristic. When P = 2, it leads to a good representation of the HPA’s in the sub10 GHz frequency range.



For Small Signal Case



vout ⎛ | vin | 2 P ⎞ ) ⎟⎟ = ⎜⎜1 + ( vin ⎝ Vsat ⎠



−



1 2P



1 | vin | 2 P ≈ 1− ( ) 2 P Vsat



•It means, when the input signal is less than saturation level, the linearity of Rapp’s SSPA is pretty good; otherwise, the distortion applies. •Rapp’s SSAP is one of the models which models the nonlinearity of power amplifier.



Model Power Amplifier •



The basic steps for modeling power amplifier includes • Multiple the signal by a gain factor. • Splits the complex signal into its magnitude and angle components • Applies an AM/AM conversion to the magnitude of the signal • Applies an AM/PM conversion the phase of the signal • Combine the new magnitude and angle components into a complex signal and multiples the result by another gain factor.



Main Differences Between 3G and 2G (GSM) WCDMA



GSM



Carrier Spacing



5 MHz (2 Mbps)



200 kHz (9.6 kbps)



Frequency Reuse Factor



1



1-18



Power Control Frequency



1500 Hz



2 Hz or lower



Quality Control



Radio resource management algorithms



Network planning (frequency planning)



Frequency Diversity



5 MHz BW gives multi-path diversity with Rake receiver



Frequency hopping



Packet Data



Load-based packet scheduling



Time slot based scheduling with GPRS



Downlink Transmit Diversity



Supported for improving downlink capacity



Not supported (can be applied)



Main Differences between WCDMA and 2G (IS95) (Cont’d) WCDMA



IS-95



Carrier spacing



5 MHz (2Mbps)



1.25 MHz (14.4 kbps)



Chip rate



3.84 Mcps



1.2288 Mcps



Power control frequency



1500 Hz, both uplink and downlink



800 Hz (uplink), 50 Hz (downlink)



Base station synchronization



Not needed



Yes, typically obtained via GPS



Inter-frequency handover



Yes, measurements with slotted mode



Possible, but measurement method not specified



Efficient radio resource management algorithms



Yes, provides required quality of service



Yes, can provide required quality of service for voice



Packet data



Load-based packet scheduling



Packet data transmitted as short circuit switched calls



Downlink transmit diversity



Supported for improving downlink capacity



Not supported by the standard



Main Differences Between WCDMA and cdma2000 Rev. 0 WCDMA



cdma2000 Rev. 0



Carrier Spacing



5 MHz (2 Mbps)



1.25 MHz (307.2 kbps)



Chip Rate



3.84 Mcps



1.2288 Mcps



Power Control Frequency



1500 Hz, both uplink and downlink



800 Hz, both uplink and downlink



Base Station Synchronization



Not needed



Yes, typically obtained via GPS



Inter-frequency Handover



Yes, measurements with slotted mode



Possible, but measurement method not specified



Efficient Radio Resource Management Algorithms



Yes, provides required quality of services



Yes, provides required quality of services



Packet Data



Load-based packet scheduling



Load-based packet scheduling



Downlink Transmit Diversity



Supported for improving downlink capacity



Supported by the standard



Downlink OFDMA (FDD) Parameters • • •



Sub-carrier spacing Δf = 15 kHz, Cyclic-Prefix (CP) duration TCP ≈ 4.69 or 16.67 μs (short/long CP), Radio frame (10 ms)= 10 sub-frames (1 ms) = 20 slots (0.5 ms)



Transmission BW`



1.25 MHz



2.5 MHz



5 MHz



10 MHz



Sub-frame duration



1ms (0.5 ms 2 slot)



Sub-carrier spacing



15 kHz (fixed)



15 MHz



20 MHz



Sampling frequency



1.92 MHz (1/2 × 3.84 MHz)



3.84 MHz



7.68 MHz (2 × 3.84 MHz)



15.36 MHz (4 × 3.84 MHz)



23.04 MHz (6 × 3.84 MHz)



30.72 MHz (8 × 3.84 MHz)



FFT size



128



256



512



1024



1536



2048



Number of occupied sub-carriers



76



151



301



601



901



1201



Number of OFDM symbols per sub frame (Short/Long CP)



CP length (μs/samples)



7 symbols (with short CP) or 6 symbols (with long CP) per sub-frame



Short



(4.69/9) × 6, (5.21/10) × 1



(4.69/18) × 6, (5.21/20) × 1



(4.69/36) × 6, (5.21/40) × 1



(4.69/72) × 6, (5.21/80) × 1



(4.69/108) × 6, (5.21/120) × 1



(4.69/144) × 6, (5.21/160) ×1



Long



(16.67/32)



(16.67/64)



(16.67/128)



(16.67/256)



(16.67/384)



(16.67/512)



OFDM Numerologies in UMB



• OFDM Symbol Numerology



Superframe Structure (1/3) in UMB •



Full Duplex Mode



• Superframe consists of 25 PHY frames + Preamble • Each PHY frame consists of 8 OFDM symbols (8 x 113.93 us (6.51 us CP) = 911.44 us) • Preamble contains 8 OFDM symbols • First RL PHY frame is elongated top align FL and RL transmissions



Superframe Structure (2/3) in UMB •



Half Duplex Mode



• Support ATs which are not capable of receiving and transmitting at the same time • Set of PHY Frames divided into two half-duplex interlaces • Both half duplex interlaces share a common superframe preamble • No RL transmission corresponding to the superframe preamble transmission on the FL



Superframe Structure (3/3) in UMB Parameter PHY Frame Duration (For 6.51 μs CP) Superframe Preamble Duration (26.04 μs CP) Superframe



128 pt



256 pt



512 pt



1024 pt



2048 pt



FFT



FFT



FFT



FFT



FFT



8



8



8



8



8



911.46



911.46



911.46



911.46



911.46



32



16



8



8



8



4.27



2.14



1.07



1.07



1.07



48



24



24



24



24



48.02



24.01



22.94



22.94



22.94



8



8



8



8



8



8



8



8



8



8



7.29



7.29



7.29



7.29



7.29



Duration Number of HARQ interlaces (FL & RL) Retransmissio n Interval (FL & RL)



Units OFDM Symbols μs OFDM Symbols ms PHY Frames ms PHY Frames PHY Frames ms



• OFDM Superframe Numerology
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