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Abstract: This paper enhances two types of PAPR reductiomodstnamely selected mapping (SLM) ¢
partial transmit sequence (PTS) for OFDM. And corigeen of both PTS and SLM technique discussed.
Multicarrier systems suffer from a high peak-to{age power ratio (PAR) of their transmit signallage
signal peaks lead to power inefficiency of the dfigok. This issue becomes even more serious iruli-m
antenna transmitter. To increase power efficier@yPAPR reduction scheme must be applied at the
transmitter. Many methods have been proposed i gbis problem, but the most of them decrease high
Peak-to-Average Power Ratio (PAPR) as well as ti= date. Recently, generalizations of two popular
PAPR reduction techniques, partial transmit segeeifPTS) and selected mapping (SLM), to multi-amaen
systems have been proposed. Partial transmit sequ®TS) can improve the PAPR statistics of an OFDM
signal. In the PTS technique, the data block tdréesmitted is partitioned into disjoint sub-blocksd the
sub blocks are combined using phase factors toom#ri PAPR. And selective mapping (SLM) technique is
the actual transmit signal lowest PAPR is seledtech a set of sufficiently different signals whichl
represents the same information. SLM Techniquevarg flexible as they do not impose any restrictton
modulation applied in the subcarriers or on theimber. In this paper, a comparison of these tweses is
accomplished. Simulation results show that PTSrefgnificant gains compared to SLM.

Keywords: MIMO-OFDM, PAPR, PTS, SLM, CCDF.

spectrum efficiency and achieve as high as 100Mbps

|.INTRODUCTION . L. i .
wireless transmission rate, it requires more adednc

Wireless communication which was initially techniques to be employed. Hence, next generation
implemented analog domain for transfer has is nowmobile ~ communication systems need more
a-days mostly done in digital domain. Instead of asophisticated modulation scheme and information
single carrier in the system multiple sub-carriare  transmission structure. The multiple-input multiple

imp|emented to make the process easier. output Orthogonal frequency division multiplexing
(MIMO-OFDM) technology promises to be a key

For future communication systems a combination Oftechnique for achieving the high data capacity and

orthogonal frequency-division multiplexing

(OFDM)[13]  with  multiple  input/multiple-output communication systems of the near future .With its
(MIMO) systems [10]is envisaged. The demand for

spectral efficiency requirements for wireless

natural resistance to multipath fading and its
high-speed mobile wireless communication is rapidlycapability to support extremely high data rates,

growing. Since bandwidth resource in 4G mOb'leMIMO-OFDM is a major candidate for a fourth

communications is still scarce, in order to improve
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generation (4G) system [1]. In MIMO-OFDM I1.BASICSOF MIMO-OFDM SYSTEMS
system, the output is the superposition of multiple

sub-carriers. Due to the OFDM technique suchThe main challenge of the new generation of wikeles
systems exhibit a largpeak-to average power ratio cellular systems is the reliability of providing tda
(PAPR) Non-linear power amplification of signals rate of around 100 Mbps and 30 Mbps for the
with high peak power leads to clipping which causesdownlink and uplink physical layer transmission,
signal distortion and, even worse, out-of-bandrespectively. In high-speed wireless
radiation. To transmit signals with high PAPR, it communication combining MIMO and OFDM
requires power amplifiers with very high power technology, OFDM can be applied to transform
scope. These kinds of amplifiers are very expensivérequency-selective MIMO channel into parallel flat
and have low efficiency-cost. If the peak powetos ~ MIMO channel, reducing the complexity of the
high, it could be out of the scope of the lineawpp  receiver, through multipath fading environment can
amplifier. This gives rise to non-linear distortion also achieve high data rate robust transmission.
which changes the superposition of the signaltherefore, MIMO-OFDM [7] systems ~obtain
spectrum resulting in performance degradation. Tdjiversity gain and coding gain by space-time coding
avoid out-of-band radiation, these amplifiers h&we at the same time, the OFDM system can be realized
be operated with large input power back-off, whichwith simple structure. Therefore, MIMO-OFDM

decreases power efficiency. In order to increage thsystem has become a welcome proposal for 4G [8]
power efficiency, an algorithmic control of the PRP  mobile communication systems.

at the transmitter is indispensable. Over thelaats

numerous PAPR reduction techniques were

IFFT HPA
published. Two of the most popular PAR reduction mt::l.l:i:ou ngiz.nTli;m
techniques argartial transmit sequences (PTE)] pra— e
and selected mapping (SLMJ3]. Both schemes
—
FFT

generate multiple representations of the infornmatio

{ - Space-Time [*
hltoquanon Demodulation P :
Destination Decoding

carrying signal and choose that one, exhibiting the

FFT
best PAPR for transmission. Recently, a

generalization of both schemes to MIMO systems has

. ) Figurel. MIMO OFDM System
been introduced [4, 5, 6]. Subsequently, a comparis

of the MIMO extensions of PTS and SLM in a L L
At the transmitting end, a number of transmission

MIMO point-to-point scenario is accomplished. In . . .
antennas are used. An input data bit stream is

addition, the situation in broadcast scenarios is o . .
supplied into space-time coding, then modulated by

considered.The paper is organized as follows .8ecti
pap g OFDM and finally fed to antennas for sending out

Il gives short review of MIMO-OFDM system. An L . ) . )
(radiation). At the receiving end, in-coming signal
overview of the PAPR in OFDM System in section . .
are fed into a signal detector and processed before

[Il. Brief description of PTS & SLM PAPR reduction . . . .
recovery of the original signal is made. Fig. 18ho
techniques in section IV. Simulation results of thot

the basic structure of a MIMO-OFDM system.
PTS &SLM technique, comparison of both observed

in section V. Finally conclusion is in section VI.
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2.1 MIMO System The block diagram in Fig. 2. lllustrates the angenn

configuration is space-time systems.
MIMO [9] signaling is a groundbreaking

development pioneered by Jack Winters of Bell Tlij v
Laboratories in his 1984 article .Several different 50 ™ ] R

antenna configurations are used in defining space <)
time systems. SIBO O Vi =

<l

. ) v
Basic Structure of MIMO systenThere exist several ‘ = ,
MISO T - S ‘ RX

communication transmission models as follows (see =] v
Fig. 2): MIMO x |17 T 1| Rx

1. Single-input-and-single-output (SISO) systelin: Figure 2. Basic MIMO-STRUCTURE

uses only one antenna both at the transmitter and

. 2.2. OFDM
receiver.

2. Single-input-and-multiple-output (SIMO) system: A typical OFDM [11] transmission system is shown

It uses a single transmitting antenna and muItipIeIn Fig. 3 the transmitting end, first of all, inphinary

o serial data stream is first processed by channel
receiving antennas [3].

encoder, constellation mapping and serial to palrall
3. Multiple-input-and-single-output (MISO) system: (S/P) conversion. A single signal is divided irto
It has multiple transmitting antennas and oneparallel routes afterN-point inverse fast Fourier
receiving antenna. transform (IFFT). Each orthogonal sub-carrier is
o ] modulated by one of thd data routes independently.
4. Multiple-input-multiple-output (MIMO) system: It o ) ]
] o By definition theN processed points constitute one
uses multiple antennas both for transmission and
) ] o ~ OFDM symbol. Next, convert modulated parallel data
reception. Multiple transmitting and receiving )
) ) ] ] ] to serial sequence and then copy the last L sanoples
antennas will achieve antenna diversity without ) )
one symbol to the front as cyclic prefix (CP). Ast,

reducing the spectral efficiency. ) ) o
arrive at transmitter after process of digital tmlag

In MIMO system [10], a number of antennas are(D/A) conversion and radio frequency (RF)
placed at the transmitting and receiving ends,rtheimodulation. To recover the information in OFDM
distances are separated far enough. The distangystem, reception process is converse and self-
between different base station antennas can basset explanatory. At the receiving end, digital down
10 times the carrier wavelength and mobile statiorconversion is carried out, demodulate receiving
antennas can be separated by half carrier wavélengtsignals. At last, demodulated signals are fed arto
In this way, independent channels between th@nalog to digital (A/D) converter, sample outputian
transmitting and receiving ends are formed so as téake timing estimation to find initial position of
achieve spatial diversity or space division OFDM symbol. The CP added in transmission
multiplexing. process is removed andN-Points fast Fourier
transform (FFT) transformation will be conducted on

The idea is to realize spatial multiplexing andadat the left sample points to recover the data in

pipes by developing space dimensions which aQomain. The output of baseband demodulation is

created by multi-transmitting and receiving antemna
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passed to a channel decoder, which eventuallgrawbacks of high PAPR. To overcome the low

recover the original data. power efficiency requires not only large back affla
large dynamic range digital-to-analog converter
j2mkn
X[n] :%Zﬁ!;&x [k].e ™™ (1) (DAC) but also highly efficient high power amplife

(HPA) and linear converters. These demands rasult i

costly hardware and complex systems. Therefore to

4.{CﬁHmlemeHumam L;"T,"l sp |t |mFr|: | 25 | lessen the difficulty of complex hardware design it
sApnal

has become imperative to employ efficient PAPR

reduction techniques.

[11. COMPUTATION OF PAPR IN OFDM

SENDER

RECEIVER

Let X(0), X(1),--, X(N-1) represent the data
sequence to be transmitted in an OFDM symbol

chanpel A P channal
'_‘ decode “-{ deinterizave v—{ mmtwnHEMth

Figure 3: Block diagram of OFDM system the OFDM symbol is given by

— PIS | 7| FFT | | SP |
"] | with N subcarriers. The baseband representation of

1 j2nnt

ﬁz,"{;&X[n].e N Ot<T 2

An OFDM receiver consists of a group of decodersx[t] =
which move different carrier frequencies to zero

frequency and perform integration over one symbolVhere T is the duration of the OFDM symbol.

period. Since sub-carriers are orthogonal to oné‘ccording to the central limit theorem, whe
another, only specified carrier can be demodulatedS 1arge, both the real and imaginary parts(gf
the rest irrelevant carriers do not have any impact Pecome Gaussian distributed, each with zeranme

the results of the integration. and a variance of [B{(t)?|]Jand the amplitude of

the OFDM symbol follows a Rayleigh distribution.
OFDM has several significant advantages over

traditional serial communications; such as theitgbil Consequently it is possible that the maximum
to support high data rates for wide area coveragédMplitude of OFDM signal may well exceed its
robustness to multipath fading and a greate@Verage amplitude. Practical hardware (e.g. AiD a

Simplification of channel equalization. Howevereth D/A converters, power amplifiers) has finite dynami

main drawback of OFDM is its high PAPR, which fange; therefore the peak amplitude of OFDM
distorts the signal if the transmitter containslmear ~ Signal must be limited.

components such as power amplifiers and cause|§APR is mathematically defined as:

some deficiencies such as intermediation, spectral

. . . . . _ max [|x()2|]
spreading and changing in signal constellation. On€APR —1010g10W
Ey

T

(dB) ®3)
of the major drawbacks in implementing OFDM is its
high peak-to-average power ratio (PAPR) [12]. Duelt IS €asy to see from (3) that PAPR réiduc

to high PAPR, the transmit power amplifier must™May beachieved by decreasing the numerator

2 H H .
operate in aregion where the power conversion is MaX[k(®)?]]  increasing the denominator
inefficient. In the low-cost application, the patieh %fOTlx(t)2|dt or both.

benefits of the OFDM are overshadowed by the
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CCDF is a method used to characterize the peageak amplitude of the waveform divided by the RMS
power statistics of a digitally modulated signal. value of the waveform.

CCDF object measures the probability of a digna

instantaneous power to be a specified levalvab € = Dpea ®)

Xrms

its average power. The effectiveness of a PAPR

reduction  technique  is measured by theReducmg themax|x(t)|is the principle goal of PARP

complementary cumulative distribution function reduction techniques. Since, discrete- time sigaeds
(CCDF), which is the probability that PAPR

exceeds some threshold, i.e.:

dealt with in most systems, many PAPR
techniques[13][14] are implemented to deal with
amplitudes of various samplesxdt). Due to symbol
CCDF = Probability (PAPR > p0), (4) spaced output in the first equation we find some of
Where p0 is the threshold the peaks missing which can be compensated by

. oversampling the equation
3.1. Peak-to-Mean Envelope Power Ratio (PMEPR)

The major disadvantages of a high PAPR are-
PMEPR is the ratio between the maximum power and

the average power for the envelope of a basebantl Increased complexity in the analog to digitati an

complex signaf that is, digital to analog converter.

A §(t)? . i i ici ifi
PMEPR {(0)} = ?ﬁ:l(i)(z)n (5) 2. Reduction is efficiency of RF amplifiers

These disadvantages overcome by using PAPR
3.2. Peak Envelope Power (PEP) ) )
reduction techniques.

PEP represents the maximum power of a complex
. A . V. PAPR REDUCTION TECHNIQUES
baseban&ignals, that is,

i A 4.1.Partial Transmit Sequence
PEP §(t)} =max§(t)?| (6)

The partial transmit sequence (PTS)[15] technique
In the case that the average signal power i

normalized  (i.eE{|$(t)?|] } = 1), PMEPR s
equivalent to PEP.

is
partitions an input data block of N symbolsoiivt

disjointsubblocksas follows:

X = [x%xt,x2, ... ... x"7 1" 9)
3.3. Peak-to-Average Power Ratio (PAPR)

) ) ) Where arex® the subblocks that are consecutively
PAPR is the ratio between the maximum power ) )
located and also are of equal size. Unlikes t
and the average power of the complex pass-band ) ] ] o ]
) ) SLM technique in which scrambling is appliéal
Signal s(t) , that is, ) ) . )
all  subcarriers, scrambling (rotating its phase
max|Re(3(t) e/2%fct)|2_ max|$(t)? independently) is applied to each subblock [3]ha t
IRe(3(t) e/27/ct)|2}  E(IS(02)

PAPR {§(1)} = )

PTS technique (see Figure 4). Then each partitioned

The crest factor or peak-to-average ratio (PAPR) opubblock is — multiplied by a  corresponding
peak-to-average power ratio (PAPR) is acomplex phase factob’=e/®” v=1,2...,V,

measurement of a waveform, calculated from thesubsequently taking its IFFT to yield
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X= IFFT {3Y_,b* X"} =yr_b".IFFT  the allowed phase factors, W, but also the subkbloc
{XV}=3Y_ b XV (10) partitioning. In fact, there are three differekinds

of the sub block partitioning schemes: adjacent

where {" }is referred to as a partial transmit .
&} P interleaved, and pseudo-random. Among these, the

sequence (PTS) pseudo-random one has been known to provide

%, the best Performance.
> IFFT X
Serial to X tn . .
- — ) As discussed above, the PTS technique suffers
And bz ® - from the complexity of searching for the optimum
Partit ° P
a;;fn set of phase vector, especially when the nunider
Blocks Xy sub block[17] increases. In the literature vasiou
J | .
— l by schemes have been proposed to reduce this
[ Peak power optimization__| complexity. One particular example is a suboptimal
Figure 4: Block diagram of PTS Technique combination algorithm, which uses the binary phase

The phase vector is chosen so that the PAPR CEIactors of {1,-1}

minimized , which is shown as It is summarized as follows:

[b71, . b~ =™ (a0 1, 5 £oy b X¥[n]]) 1. Partition the input data block into V sub blocis
(11) in (9).

Then, the corresponding time-domain signal wite th 2. Set all the phase factob$= 1 for v = 1: V, find

low PAPR of (10), and set it as PAPR_min.
PAPR vector can be expressed as 3.Setv=2.
X=yy_bvx" (12) 4. Find PAPR of (9) witth?= -1.

In general, the selection of the phase factor5. If PAPR > PAPR_min, switch bv back to 1.
xV{b"};_1=1 is limited to a set of elements to Otherwise,update PAPR_min = PAPR.

reduce the search complexity.
6. If v <V, increment v by one and gock#&o

As the set of allowed phase factors is Step 4.

omi . N . .
b:{e17|i20,1,2,...W-1} (13) Otherwise, exit this process with the set of optima

phase factors.
Wv-1 Sets of phase factors should be searched to find

the optimum set of phase vectors. Therefore, thé-2- Selected Mapping

search complexity increases exponentially with theSelected mapping (SLM) [4] is a promising PAPR

number of sub blocks. The PTS technique [16]reduction technique. Although SLM is also a
requires V IFFT operations for each data block and

scrambling technique, the main idea of SLM is quite
1 b . . .
llog2W?] bits of side information. The PAPR different from PTS. It selects the most favorable

Performance of the PTS technique is affected by no%ignal from a set of phase rotated candidate data

only the number of sub blocks, V, and the number Ofolocks generated by transmitter, which all represen
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the same information as the original data block. A2) These symbol sequences are divided into blotks o
block diagram of SLM scheme is shown in fig. 5.welength N. N is the number of subcarriers.

get U different time domain candidate signals with
. . 3) Each block X=[X0, X1, X2....XN-1] is multiplied
different PAPR values. Among them, the one with the

. . . (point wise multiplication) by U different phase
lowest PAPR is selected for transmission. This

. . sequence vectors
selecting can be mathematically expressed as

(w) _— W p) wr
X = arg min {PAPR K(u))} B = [BO 'Bl IR BN—l] (14)

SLM techniques generate several OFDM symbols agvhere each row of the normalized Riemann matrix B
candidates and then select the one with the lowest taken as B(u), u=1,2,...U.
PAPR for the actual transmission. Conventionally,

4) A set of U different OFDM data blocks
the transmission of side information is neededhso t

the receiver can use the side information to determ x® = [x™ x™, ... x®]7 (15)
which candidate is selected in the transmission and
then recover the information. SLM technique doAre formed, where
introduced some additional complexity, but withdos
prexity X = x, B® n=01,......N—1,  (16)
in efficiency
u=12,..N
Py
S] X1 . . .
X 5) Transform into time domain to get
P2 ~
5 xp | Select X® = [DFT{X" 17
& - X {x*} 17)
sp| | With
Converter Minimum 6) Select the one frolX® u =1,2,....U which
: : PAPR
Py. . has the minimum PAPR and transmit.
Su *u
IFFT Block diagram of SLM technique is given in figure5

We use MATLAB simulations to evaluate the
Figure 5: Block diagram of SLM technique performance of the different phase sequences for

technigue. As a performance measure,

The technique of selected mapping (SLM) for PAPRSLM
reduction was proposed in 1996. In SLM from a setcomplementary cumulative density function (CCDF)
of candidate signals which are generated to repteseof PAPR is used. Mean and Variance of PAPR of the
the same information, the signal with lowest PABR i Whole data blocks is taken as second criteria for

selected and transmitted. The information about thi Performance among different phase
sequence sets.

measure

selection also needs to be explicitly transmittieshg

with the selected signal as side information.
V.RESULTS

Selected mapping algorithm is as follows: 51.PTS Simulation Result

1) The sequence of data bits are mapped t§he simulation result in Fig. 6 shows the varying
constellation points QPSK to produce sequenc®apr reduction performance with differentv

symbols X0, X1, X2... (collection range of weighting factéw) when using

S. Sushmaand S. Srinivas 46
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PTS reduction scheme. Simulation specificreduction performance of OFDM signal will not be
parameters are: the number of sub-carriérs 128,  considerably improved.
QPSK 45 constellation modulation, oversampling

factor takesL = 8, the number of sub-block = 4. i Eﬁ’ —Eﬁiﬁ"ﬁm
From the figure we notice that the CCDF curve has B EN BN J— v
nearly 1dB improvement whéW = 4, compared toV gm’ \\\ T —
= 2, the 1% PAPR is about 7.5 dB. We conclude that % 1'1\ \\ S ‘\\ \\
in a PTS MIMO-OFDM system, the largy value %m? LFE)\‘:d) | RN
takes, the better PAPR performance will be obtained . i =
when the number of sub-blotkis fixed. R
10° . PAPRD [d8]
‘\\ = — iz;gvrfznalg Fig 7: CCDF plot for SLM algorithm technique
) \ (C)\\\(b . g— 5.3. Comparison of PTS and SLM
g 10’ \ -
% '\\ \\ &) Fig.8 shows the simulation result of using SLM and
% \ \\ \\ PTS method to an MIMO-OFDM system, separately.
g’ Vo ' In PTS method, we set the number of sub-carhirs
: ‘\\ \\ 128 and applying pseudo-random partition scheme,
" \ \ for each carrier, adopting QPSK constellation

) ’ ° ! PAPRO [B1 ﬂ? " ?2 mapping, 49 weighting factasv € +1,+j ; In SLM
Figure 6: CCDF plot for PTSalgorithm technique ) )
method, rotation factoPm,n € £1,4j . Based on the

5.2. SLM Simulation result theory, we know that the IFFT calculation amount of

From Fig. 7, it can be observed that the proposetqﬂ|ese two methods is same whér M, but for PTS

SLM method displays a better PAPR reductionmethod, it can provide more signal manifestations,

performance than the original OFDM signal which isthus’ PTS method should provide a superior

free of any PAPR reduction scheme. The probab”mperformance on PAPR reduction. In fact, this

of high PAPR is significantly decreased. Increasingdeductlon is confirmed by simulation result. Frdm t

M leads to the improvement of PAPR reduction':Igure 8, we learned that with the same CCDF

probability 1%, the PAPR value equals to 7dB when
PTS is employed, while the PAPR rise up to 8.2dB

performance. If the probability is set to 1% andrth

the CCDF curves with differenM values are
compared. The PAPR value of cas&2 is about when SLM is employed under the same circumstance.

1dB smaller than the unmodified okk=1. Under the 10°

(a) Orignal H
(b)ystM  H
(c) PTS

N
X
AN

same condition, the PAPR value of cddel16 is \ A\

\
§ \(c) \b) @)
107 £ X X
% a

about 3dB smaller than the original ord=1.

However, from the comparison of the cuMe8 and

CCDF (PPAPR>PAPRQ])

-

M=16, we learned that the performance difference

1T
g

T
A

between these two cases is less than 0.5dB. This \

\
10° | \

5 6 7 8 9 10 11 12

growth of PAPR reduction performance with further FAPRO 18]
increase the value oM (like M>=8), the PAPR

proves that we will not be able to achieve a linear
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Fig 8 CCDF plot for comparison of PTS [4] R.F.H. Fischer and M. HocliDirected Selected

algorithm and SLM algorithm technique Mapping for Peak-to-Average Power Ratio Reduction
in MIMO OFDM,” IEE ElectronicsLetters, pp. 1289—
1290, Oct. 2006.

This paper gives a comparison of the popular PAPR5] R.F.H. Fischer and M. HocltPeak-to-Average

reduction techniques PTS and SLM for multi-antenngPower Ratio Reduction in MIMO OFDM,"in

V1. CONCLUSION

OFDM systems. We study the method of selectedroceedings of IEEE International Conference on

mapping and partial transmit sequence. A series ofommunications (ICC), Glasgow, Scotland, June

detailed comparison results were obtained of thesep07.

two schemes from the angle of PAPR reductions] C. Siegl and R.F.H. FischetPartial Transmit

performance, redundancy of auxiliary informatios, a Sequences for Peak-to-Average Power Ratio

well as complexity of system. At last, we also Reduction in Multi-Antenna OFDM,EURASIPJ. on

compare these two schemes under the samglireless Com. and Netw., Jan. 2008, Article ID

conditions in general. From the Figure 8, we ledrne 325829,

that with the same CCDF probability 1%, the PAPR[7] H. Sampath, et al“A fouth-generation MIMO-

value equals to 7dB when PTS is employed, while thedOFDM  broadband wireless system: design,

PAPR rise up to 8.2dB when SLM is employed undeperformance and field trial results,” IEEE

the same circumstance. So PTS is the most efficiertommunication Magazine, Sep 2002, vol. 40, no 9,

PAPR reduction technique compared to SLM. Due tqup. 143-149.

the characteristics of multi-antenna of MIMO-OFDM [8] Young Kyun Kim, Ramjee Prasatiyhat is 4G,”

system itself, we can fully explore the advantages in 4G Roadmap and Emerging Communication

combination between proposed PAPR reductionTechnologiesArtech House, 2006, pp. 12-13.

schemes and outstanding properties of MIMO-OFDM[9] Mohinder JankiramarfMulticarrier techniques,”

system, such as studying the PAPR reductionn Space-time codes and MIMO systemstech

technology of MIMO-OFDM system, combine with House, 2004, pp. 15.

space-time codes. [10] Mohinder Jankiraman, “MIMO  system
capacity,” in Space-time codes and MIMO systems,
Artech House, 2004, pp. 23.
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