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(57) ABSTRACT

A signal scrambling method 1s provided for peak-to-average
power ratio (PAPR) reduction of STBC MIMO-OFDM sig-
nals in a MIMO-OFDM system having Y transmait antenna.
In general terms the OFDM sequence of symbols 1n said
signal for each transmit antenna 1s divided 1into M sub-blocks
of equal size and [subclockwise] subblockwise rotation and
inversions are performed across all transmit antennas to gen-
erate [2Y ] permuted sequence sets from the original
OFDM sequence. Based on a predetermined criteria, there 1s
then selected from the resulting sets of OFDM sequences the
one with the best PAPR properties for transmission. The
predetermined criteria preferably comprises identifying
maximums for all [2Y T sequence sets, by calculating the
largest PAPR value of Y sequences 1n each set and selecting
a set with the minimum maximum for transmission.

6 Claims, 3 Drawing Sheets

2

IFFT/CP

m




US RE41,433 E
Page 2

OTHER PUBLICATTONS

Hyoung—Kyu Song, Min—Goo Kang, Ou—Seb Lee, Pan—Yuh
Joo, We-Duke Cho, Mi—Jeong Kim, Young—Hwan You,
“PMEPR Reduction Algorithms for STBD-OFDM Signals,
PMEPR Reduction Algorithms for STBC-OFDM Signals,”
Mar. 14, 2004, pp. 394-401.

Joo—Hee Moon, Young-Hwang You, Wong—Gi1 Jeon,
Ki—-Won Kwon, Hyoung-Kyu Song, “Peak—to—Average
Control for Multiple-Antenna HIPERLAN/2 and
IEEER02.11a Systems,” Consumer Electronics, IEEE Trans-
actions, Nov. 2003, vol. 49, Issue 4, pp. 1078-1083.

O

1ce Action 1ssued Dec. 8, 2009, 1n related Japanese Appli-

cation No. 2007—-545433.

* cited by examiner



U.S. Patent Jul. 13, 2010 Sheet 1 of 3 US RE41433 E

~ 1
X, [ X IFFT/CP ——
X, \ IFFT/CP Y

s R T Original (na PAPR raduction)
' HR.: - . { =B SS-CARL {minimax)
—~— Concurrent SLM {minlmax)

------
llllllllllllllllllllllllllllllllllllll
[ ]

------------------------------------

]
...............................

L

lllllllllllllllllllllllllllllllll

- L] |

LA R IR - % FTF WY * p om 3 m om 4 mom o owoF s bW oOR N Y

1
IIIIIIIIIIIIIIIIIIIIIIIIIII

w Ay B J * = & m g5 wm oy T v o ¢ & & " s g & = =m @R ®E 2 =5

------------------
llllllllllllllllllllllll

= wy m = = v =m = 55 m mt * F » %Y §g §F ¥ »w» F w s wmw A m W g 3§ ®@®

----------------------------

............................

PrPAPR>PAPR)

-------------
""""""""""""""""""""""""""
;;;;;;;;;;;;;;;;;;;

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

---------------------------------

L | 4 =
- » o L f m » & ¥ u -ll-l-'iﬁilfll lllllllll

-------------------------------------

------------------------------

-------------------------------
----------------------------------------------------------------

-----------------------------------------------------------------

----------------------------



U.S. Patent Jul. 13, 2010 Sheet 2 of 3 US RE41433 E

RS-CARI for MIMOOFDM (M=4, QPSK)
10 BESENSSS RIS - <o

---------------------

SAARARSES SRR ASE4 '"%::;;;'-:f-'-;;;_ & ::5 E ——— Onginal (no PAPR mductlon

llllllllllllllllllll

O TR ~J] —p— RS-CSRI (minimax)

------------------------

"‘*:_, —+— Concument SLM (minimax)
0 b G 0% R —%— Concurrent SLM (minaverage) |
P RN NG N
e TR R T T R A W A% UL TR Y 07 I NN
- 2
0. i0 R R R R R R R R R EEREREIERE | A S v SRS EE RN SRS EE R SRR
A A S D, S S YA AN
T b v N N I N T N T
u_ ----------------------------------------------------------------
<L A S SO V. |+ VO ¥
2 I A | - S VNN - U VRPN S S
&
-3
10 R LR I I ST U SRR IO L | > A I b T IC IR "G I
-4
10
5 b 7 8 9 10 11 12
| PAPR, [dB]

Figure 3



U.S. Patent Jul. 13, 2010 Sheet 3 of 3 US RE41433 E

HS-CARI for MIMO-OFDM (M=128, V=4, QPSK)

T
10 L T R M R e . 3. . . & + + * = 2 = 0 & ¢ = = s 5 g = = =fa = = = =« « 7 ¢ s s8s » & v » » r ¢ - =~ ¥ ' v = 9 + = = = *
IIIIIIIIIIIIIIII _;l_. -« & W =B T » id k w
""""""""""""""" "‘i‘." ¥y 4 = = & % J ¥
N e —
...................... ', + N N giNna no reduction
"R
lllllllllllllllllllllll ’:'_ T ® 1
-
-------------------------- R - - | - RS-CARI (minimax
r L ‘-, L]
Prrrornrrrrmrnrre R U === Concument SLM (minimax)
.4 -
iiiiiiiii 'l-.-."“'i.lll.'--‘-
---------------------------
pppppppppppppppp ""l‘lil"ll
- = * B &I + %#a.fF ¥ ¥ = ®m =m m §y = w = BT F s T
||||||||||||||||||||||||||||
---------------------------
-------------------------
lr-l-l‘rll'li-l'l‘r!'l"' '''''''''
oy,
EI:D ------------------------------------------------------------------------
0. -2
0 Y » M E e R R AT R R R R LA N R R SR RS R RN
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
au "11.11--r'|----4ltll'iirlih'l--- I« ¥ L T L I T L I R B I L L A A
-----------------------------------------------------------------------
h -r‘-l-llIi--."II.ii‘l‘l.l.l""“T!'l""" llllllllllllllllllllllllllllllllll
E -------------------------------
& ---------------------------------------------- 'l
q """"""""""""""""""""""""""""""""""""""""""""""" ‘ """"" ﬂ
o TN VR MY W R U I A I IR A
Q. -3
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
-------------------------------------------------------------------
-----------------------------------------------------------------
--------------------------------------------------------- "l"ll"l""-l"
llllllllllllllllll )
----------------------------
-
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii r
-----------------------------------------------------------------

-4
"""""""""""""""""""""""""""""""""""""""""
------------------------------------------------------------------
----------------------------------------------------------------
..................................................................

iiiiiiiiiiiiiiii :!i'l'l'-'l'i-
------------------------------------------- 'rI PR R A T LT T R I B O N
lA h
el ) —

PAPR, [dB})

Figure 4



US RE41,433 E

1

STBC MIMO-OFDM PEAK-TO-AVERAGE
POWER RATIO REDUCTION BY CROSS-
ANTENNA ROTATION AND INVERSION

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

RELATED APPLICATION

This application claims prionty from U.S. Provisional
Application Ser. No. 60/634,236, filed Dec. 8, 2004,

GOVERNMENT LICENSE RIGHTS

The United States government may hold license and/or
other rights 1n this mnvention as a result of financial support
provided by governmental agencies in the development of
aspects of the invention.

FIELD OF INVENTION

This 1nvention relates generally to multiple-input
multiple-output orthogonal frequency division multiplexing,
(MIMO-OFDM) for high performance 4G broadband wire-
less communications, and more specifically relates to large
peak-to-average power ratio (PAPR) reduction by a scheme
of cross-antenna rotation and mnversion (CARI), which thus
utilizes additional degrees of freedom by employing mul-
tiple antennas, while requiring a limited amount of side
information.

BACKGROUND OF INVENTION

One main disadvantage of MIMO-OFDM 1s that the sig-

nals transmitted on different antennas might exhibit a pro-
hibitively large peak-to-average power ratio (PAPR). Peak-
to-average power ratio (PAPR) reduction schemes have been
proposed for orthogonal frequency division multiplexing
(OFDM) systems. Among them, signal scrambling methods
are attractive since OFDM signals are modified without dis-
tortion to present better PAPR properties with a relatively
low complexity. In MIMO-OFDM systems 1t would appear
that a straightforward way for PAPR reduction would be to
apply existing schemes proposed for OFDM systems sepa-
rately on each transmit antenna.

SUMMARY OF INVENTION

In accordance with the present invention a method 1s
applied to a MIMO-OFDM system based on cross-antenna
rotation and 1nversion (CARI). While requiring only a small
amount of side information, this scheme fully utilizes addi-
tional degrees of freedom provided by employing multiple
transmit antennas. Based on two of the coinventors” previous
work [M. Tan and Y. Bar-Ness, “OFDM Peak-to-Average
Power Ratio Reduction by Combined Symbol Rotation and
Inversion with Limited Complexity” Proc IEEE
GLOBECOM, pp. 605-610, Dec. 2003] two suboptimal
schemes termed successive suboptimal CARI (SS-CARI)
and random suboptimal (RS-CARI) are also disclosed.
These schemes provide a good compromise between perfor-
mance and complexity. Compared with the concurrent SLM
scheme proposed in [ Yung-Lyul Lee et al., “Pea-to-Average
Power Ratio in MIMO-OFDM Systems using Selective
Mapping.” IEEE Commun. Lett. vol. 7, pp 375-577,
December 2003 |, the new schemes provide significant per-
formance advantage, particularly with small number of sub-

blocks.
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2
BRIEF DESCRIPTION OF DRAWINGS

In the drawings appended hereto:

FIG. 1 schematically illustrates the method of the present
invention.

FIG. 2 1s a graph illustrating the SS-CARI scheme for
different values of subblocks M;

FIG. 3 1s a graph 1illustrating the RS-CARI scheme for
different values of permutation V; and

FIG. 4 1s a graph illustrating the RS-CARI scheme with a
large number of subblocks M.

DESCRIPTION OF PREFERRED
EMBODIMENTS

By means of the mnvention a signal scrambling method 1s
provided for peak-to-average power ratio (PAPR) reduction
of STBC MIMO-OFDM signals 1n a MIMO-OFDM system
having Y transmit antenna. In general terms the OFDM
sequence of symbols 1n said signal for each transmit antenna
is divided into M sub-blocks of equal size and [subclock-
wise] subblockwise rotation and inversions are performed
across all transmit antennas to generate [2Y ¥ permuted
sequence sets from the original OFDM sequence. Based on a
predetermined criteria, there 1s then selected from the result-
ing sets of OFDM sequences the one with the best PAPR
properties for transmission. The predetermined criteria pret-
erably comprises identifying maximums for all [2Y ]
sequence sets, by calculating the largest PAPR value of Y
sequences 1n each set and selecting a set with the minimum
maximum for transmission.

For simplicity, a MIMO-OFDM system with two transmit
antennas and orthogonal space-time block coding (STBC) 1s

considered here.

With OFDM modulation, a block of N~ data symbols (one
OFDM symbol), {X ,n=0, 1, ..., N -1} will be transmitted
in parallel such that each modulates a different subcarrier
from a set {f ,n=0, 1, ..., N_.-1}. The N_. subcarriers are
orthogonal, 1.e., , =nAf, where Af=1/N_T and T is the sym-
bol period. The resulting baseband OFDM signal x(t) of a
block can be expressed as

(1)

Ne—1
x(t) = Z x, 7™’ (0 <t <NqT.

The PAPR of the transmitted signal 1n (1) can be defined as

max |x(t)|? max |x(t)* (2)
O=t=Net O=t=Nt
N TGV
X _NCT .
— D)|~dt
g ¢

Since most practical systems deal with discrete-time signals,
instead of reducing the continuous-time peak max|x(t)|, the
maximum amplitude of LN, samples of x(t) 1s reduced.
Parameter L denotes the oversampling factor. The case of
L.=1 1s known as critical sampling or Nyquist rate sampling,
whereas values of L>1 correspond to oversampling. It has
been proved that L=4 1s suifficient for capturing the
continuous-time peaks [G. Wunder and H. Boche, “Peak
Value Estimation of Bandlimited Signals from their
Samples Noise Enhancement, and a Local Characterization
in the Neighborhood of an E HEE Trans. On Si1g-

Extremum”™, IEE
nal Processing, pp. 771-780, March 2003 |. To evaluate the
PAPR performance accurately from the statistical point of
view, the complementary cumulative distribution function
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(CCDF) of the PAPR of the OFDM signals 1s used to
describe the probability of exceeding a given threshold
PAPR,, 1.€.,

CCDF=Pr(PAPR>PAPR,). (3)

In MIMO-OFDM systems, two basic signaling modes can
be employed, namely spatial multiplexing, which aims at
increasing the data rate by spatially multiplexing indepen-
dent data streams and spatial diversity coding, which
exploits the spatial degrees of freedom (at the cost of rate) to
improve link reliability.

For simplicity, we consider a STBC MIMO-OFDM sys-
tem [K. F. Lee and D. B. Williams, “A Space-Time Coded
Transmitter Diversity Technique for Frequency Selective
Fading Channels” Proc. IEEE Sensor Array and Multichan-
nel Signal Processing Workshop, pp. 149-152, 2000] that
employs Alamouti scheme [S. M. Alamouti, “A Simple
Transmit Diversity Technique {for Wireless
Communications,” IEFEE J. Select Areas Commun., vol. 16,
pp. 1451-1458, October 1998]. This scheme can easily be
extended to STBC with more than 2 transmit antennas. Dur-
ing the first symbol period, two OFDM symbols X, <[ X, .
Xigs oo Xyno1]and Xo=[X, 0.X5 1, -0, Xy 4] are
transmitted from antennas 1 and 2, respectively. During the
next symbol period 1s transmitted from antenna 1, and X, * 1s
transmitted from antenna 2, where (M)* denotes the
clementwise complex conjugate operation. It 1s assumed that
channel remains fixed for at least two OFDM symbols.

[t 1s not difficult to prove that X, and +X * (1=1, 2) have the
same PAPR properties. Therefore, with orthogonal STBC,
the PAPR reduction needs to be done only for the first sym-
bol period. With non-orthogonal STBC, the PAPR reduction
might need to be considered simultaneously on the whole set
of coded OFDM symbols, transmitted 1n several consecutive
periods.

After performing the PAPR reduction on X, and X,, we

obtain two modified sequences with good PAPR properties

X and XZ, which will be transmitted during the first symbol
perlod Then, during the second symbol period —X * and
X * are transmitted, which have the same good PAPR prop-

erties as X and X |, respectively.

A stralghtforward way ol reducing PAPR would be to
apply the combined symbol rotation and inversion (CSRI)
scheme, proposed for OFDM systems in [M. Tan and Y.
Bar-Ness, “OFDM Peak-to-Average Power Ratio Reduction
by Combined Symbol Rotation and Inversion with Limited
Complexity” Proc IEEE GLOBECOM, pp. 605-610,
December 2003], on each antenna separately. CSRI was
proved in that publication to be an effective signal scram-
bling algorithm for OFDM PAPR reduction, which performs
symbol rotation (cyclic shift) and iversion (changing signal
signs) on the original OFDM symbols. However, 1t 1s clear
that the amount of side information, needed for sequence
descrambling at the recerver, increases proportlonally with
the number of antennas causing spectral inefliciency.
Furthermore, such an approach does not utilize all available
degrees of freedom produced by additional transmit anten-
nas. This motivates the method of the present invention that
we term cross-antenna rotation and inversion (CARI)
depicted 1n FIG. 1.

FIG. 1 shows how each OFDM sequence X, 1=1, 2 1s first
partitioned into M subblocks of equal sizes, represented as
X=[X;1, X;5, . .., X, where 1 denotes the index of
transmit antenna. Then, nstead of performing elementwise
or groupwise rotation and inversion within different sub-
blocks of each antenna separately as in [M. Tan and Y. Bar-
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4

Ness, op. cit.], we perform subblockwise rotation and inver-
sion across all antennas. For example, with two antennas,
alter performing CARI on the first subblock, we obtain 4
different OFDM sets of sequences. These are: the original
sets X=X, 1, Xy -+ -5 Xyag and X=X, 1, Xpns - o
X, a7, the original set with the first subblock mverted X, =
X0 Xy o X adand Xo=[ =X, L X 5L, X /] the
original set with the first subblock swapped X, =[X, ,,

X Xy dand X=X, (X, 5,00, X, /], and finally
the same as previous set with the first subblock nverted
Xl=[_X2,1: Xl,.’Z: IR XlM] and XZZ:[_Xl,l: XZ,.’Z: ML X.’ZM]

The same operations are then performed on all other sub-
blocks. With M subblocks and 2 antennas, totally 4* permu-
tated sequence sets can be obtained. Out of these 4V
sequence sets, based on a certain predetermined criterion, a

set {X,, X,] with the best PAPR properties is chosen for
transmission. More generally with Y transmit antennas,
[2Y 1" permuted sequence sets are available from which to
choose the set for transmission.

In [ Yung-Lyul Lee et al., op. cit.] besides implementing
permutation differently than rotation and inversion as in [ M.
Tan and Y. Bar-Ness, op. cit. ], a criterion of minimum aver-
age (minaverage) was proposed, by which, out of all permu-
tated sequence sets, the one with the smallest average PAPR
1s selected for transmission. Here, we use a minimum maxi-
mum (minimax) criterion instead. For each of 4™ sequence
sets, we first calculate the PAPR of X, and X, and denote it
as {PAPR(X,), PAPR(X,)}. Then, we can find the maximum
PAPR of X, and X, and denote it as max{PAPR (X,), PAPR

(X,)}. After identifying maximums for all 4™ sequence sets,
we pick a set with the minimum max{PAPR (XI)PAPR(XZ)}

for transmission, denoted as {X 1 XZ} We will show below
that the minimax criterion presents significantly better per-
formance than the minaverage.

As was pointed out in [ Yung-Lyul Lee et al., op. cit.], by
transmitting the same side information on different
antennas, spatial diversity can be obtained ensuring higher
reliability of side information. Furthermore, operating rota-
tion and inversion on the OFDM subblocks transmitted on
all antennas produce higher degrees of freedom to ofiset the
possibility of encountering poor sequences with high PAPR.
However, to find the optimal sequences, the number of per-
mutations 1s still large, which motivates a search of more

practical suboptimal solutions.

Successive Suboptimal CARI (SS-CARI) Scheme

In the SS-CARI scheme, we first perform CARI on sub-
blocks X, ,, X, ,, whereas all other subblocks remain
unchanged. By doing so, we will obtain 4 possible sets of
transmit sequences. Then, without performing rotation and
inversion on the next subblock as in the regular CARI, we
calculate the PAPR for all 4 sets of sequences described
betore and the one with the smallest maximum PAPR 1s
retained. Similarly, in the next step, CARI on subblocks
X 2, X, 5 18 performed and out of the 4 sets, the one with the
smallest maximum PAPR 1s retained. By doing this succes-

stvely for all M subblocks, finally, the set of sequences {i 5

X, } is found according to the minimax criterion. The num-
ber of possible permutations with the SS-CARI scheme 1s
reduced to 4M, whereas the number of side information bits
1s the same as with the original CARI scheme, which 1s equal

to S=2M

Random Suboptimal CARI (RS-CARI) Scheme

With the RS-CARI scheme, we first produce a random
matrix of dimension VxM, expressed as
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| rl,l ]Z'Lz . rl,M |
I‘z}l ]:‘2,2 . I'Q}M
R = _
VI OTV2 . VM

where V denotes the total number of permutations. Each
clement of this matrix 1s a random 1nteger number uniformly
distributed over [ 1,4], representing the index of 4 different
sets of sequences described before.

By performing permutations on the M subblocks based on
this randomly generated table, V different sequence sets can

be produced and we choose the set {X,, . .., X,} with the
smallest maximum PAPR for transmission. Provided the
recerver has the knowledge of the random matrix R the
amount of side information required can be further reduced
to S=log, V.

Simulation Results

In the results which follow, 10° random OFDM sequences
were generated to obtain the CCDFEF’s. We use 2 transmit
antennas and N“=128 subcarriers with QPSK data symbols.
The transmitted signal 1s oversampled by a factor of L=4. We
show only simulation results with the reduced complexity

suboptimal SS-CARI and RS-CARI schemes, since the
number of permutations needed 1s exhaustive.

FIG. 2 shows the PAPR CCDF of the SS-CARI scheme
tor M=4 and M=16 subblocks. We add the performance of
SLM with two different selection criteria for comparison.

There are several observations that can be made from
these plots. Firstly, the proposed SS-CARI scheme for M=4
and minimax criterion achieves significantly better perfor-
mance than the concurrent SLM scheme with the minaver-
age criterion proposed in | Yung-Lyul Lee et al., op. cit.]. To
keep a similar complexity, in the concurrent SLM schemes,
the OFDM sequences are also divided into M subblocks.
Then for each subblock, instead of performing CARI, 4
phase weighting factors from the set {1,+j} are employed
to produce 4 different sets. The minimax criterion applied on
the concurrent SLM scheme still performs worse than
SS-CARI due to not utilizing additional degrees of freedom
provided by multiple transmit antennas. Secondly, as
anticipated, the minaverage criteria used in [ Yung-Lyul Lee
et al., op. cit.], 1s always outperformed by the proposed mini-
max criterion. Thirdly, 1t can be noticed from the figure that
the performance of SS-CARI and concurrent SLM becomes
similar for larger number of subblocks employed, e.g.,
M=16. However, the minimax criterion still retains signifi-
cant advantage over the minaverage criterion.

FIGS. 3 and 4 compare the performance of RS-CARI with
the concurrent SLM scheme. From these figures we can
draw similar conclusions as from FIG. 2. As the number of
subblocks M 1s small, e.g., M=4, RS-CARI presents signifi-
cantly better performance than the SLM, with the same num-
bers ol permutations. As the number of subblocks M
increases, the performance of RS-CARI and concurrent
SL.M becomes similar, when the minimax criterion 1s used 1n

both.

We also emphasize that with the CARI schemes, no com-
plex multiplication 1s required for each permutation, hence,
it has a lower complexity than the concurrent SLM scheme.

In summary, the method of CARI as disclosed herein not
only reduces the amount of side information, but also effec-
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tively utilizes the additional degrees of freedom provided by
employing multiple antennas. Furthermore, by using a mini-
max criterion, 1t achieves significantly better performance
than with the minaverage criterion. Compared with the con-
current SLM scheme [ Yung-Lyul Lee et al., op. cit.], the

presently disclosed methods present significant performance
advantages with a lower computational complexity.

While the present invention has been described 1n terms of
specific embodiments thereolf, 1t will be understood 1n view
of the present disclosure, that numerous variations upon the
invention are now enabled to those skilled 1n the art, which
variations yet reside within the scope of the present teaching.
Accordingly, the invention 1s to be broadly construed, and
limited only by the scope and spirit of the claims now
appended hereto.

The invention claimed 1s:

1. A signal scrambling method for peak-to-average power
ratio (PAPR) reduction of [STBC] multiple-input multiple-
output orthogonal frequency divisional multiplexing

(MIMO-OFDM) signals 1n a MIMO-OFDM system having
Y transmit antennas, comprising:

dividing the OFDM sequence of symbols 1n said signal for
cach transmit antenna into M sub-blocks of equal size
and performing [subclockwise] subblockwise rotation
and 1mmversions across all transmit antennas to generate

[2Y T permuted sequence sets from the original
OFDM sequence; and

based on [a] at /east one predetermined [criteria]
criterion, selecting from the resulting [said] sets of
OFDM sequences the one with the best PAPR property
for transmission.

2. A method in accordance with claim 1 wherein said
predetermined criteria comprises 1dentiiying maximums for
all [2Y]" sequence sets, by calculating the largest PAPR
value of Y sequences 1n each set and selecting a set with the
minimum maximum for transmission.

3. A method 1n accordance with claim 1, in which cross-
antenna rotation and inversion (CARI) 1s performed on the
first subblock for each antenna to obtain a first set of transmut
sequences, the PAPR being calculated for all sequences 1n
said first set and the set with the smallest maximum PAPR
being retained; and successively performing the same proce-
dure for successive of said sub-blocks across all transmait
antennas, whereby the number of permutations considered 1s
reduced, the PAPR 1s gradually reduced, and wherein the
final resulting sequence 1s selected for transmission.

4. A method 1n accordance with claim 1 1n which a dimen-
sion VxM matrix with random numbers 1s produced, where
V 1s the total number of permutations; each item in the
matrix being an integer random number uniformly distrib-
uted over |1, 2Y | representing 2Y predefined different per-
mutation operations carried out on said M sub-blocks, and
producing V different said sequence sets; and selecting the
sequence with the smallest maximum PAPR {for
transmission, whereby the side information required for
descrambling the signal 1s significantly reduced.

5. A method 1n accordance with claim 1, in which the
number of transmit antennas Y 1s 2.

6. A method in accordance with claim 1, wherein the

MIMO-OFDM signals are space-time block-coded (STBC)
MIMO-OFDM signals.

G ex x = e
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