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(57) Abrege/Abstract:
Apparatus, and an assoclated method, for sending a data block in an OFDM, or other MCM, communication system with reducead

PAPR Is provided. The data block iIs combined with a random scrambling sequence. An IDFT operation Is performed upon the
combined sequence, and its PAPR, peak-to-average power ratio, Is calculated. The PAPR Is compared against a threshold. If the
PAPR Is smaller than a threshold, the transformed, combination sequence Is transmitted. Otherwise, a different scrambling
sequence, If avallable, Is used to form a new combination sequence, and the process Iterates until either a PAPR smaller than the
threshold Iis obtained, or a pre-defined maximum number of iterations Is reached. If the maximum number of iterations Is reached
and no combination sequence Is created that leads to an acceptable PAPR, then the transformed, combination sequence that

exhibits the smallest PAPR level Is selected for transmission.
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ABSTRACT

Apparatus, and an assoctated method, for sending a data block in an OFDM, or other
MCM, communication system with reduced PAPR 1s provided. The data block 1s combined with
a random scrambling sequence. An IDFT operation is performed upon the combined sequence,
and 1ts PAPR, peak-to-average power ratio, is calculated. The PAPR is compared against a
threshold. If the PAPR is smaller than a threshold, the transformed, combination sequence is
transmitted. Otherwise, a different scrambling sequence, if available, is used to form a new
combination sequence, and the process iterates until either a PAPR smaller than the threshold is
obtained, or a pre-defined maximum number of iterations is reached. If the maximum number of
iterations 1s reached and no combination sequence is created that leads to an acceptable PAPR,

then the transformed, combination sequence that exhibits the smallest PAPR level is selected for

transmission.
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APPARATUS, AND ASSOCIATED METHOD, FOR COMMUNICATING
A DATA BLOCK IN A MULTI CARRIER MODULATION
COMMUNICATION SCHEME

[0001] The present invention relates generally to a manner by which to communicate a
data block in an OFDM-based or other MCM-based communication system. More particularly,
the present invention relates to apparatus, and an associated method, by which to combine the
data block with a randomized, scrambling sequence to form a combination sequence that leads to
a PAPR (Peak-to-Average Power Ratio) of selected characteristics.

[0002] The data block is combined with successive scrambling sequences until a
combination sequence is formed that leads to the PAPR of selected characteristics. And, the
combination sequence that leads to these selected characteristics is transmitted. If none of the
combination sequences leads to a PAPR of the selected characteristics, then the combination
sequence that leads to the smallest PAPR is transmitted. Through random or appropriate
selection of the combination sequence, the informational content of the data block is

communicated while avoiding problems that sometimes result when transmitting data blocks that

lead to high PAPRs.

Background of the Invention

[0003] The use of radio communication systems through which to communicate is
pervasive in modern society. Cellular communication systems, for instance, are deployed
throughout significant portions of the populated areas of the world, providing users access to
communicate therethrough when positioned in an area encompassed by a cellular communication
system. Successive generations of cellular communication systems have been developed and
deployed, each successive generation providing increased communication capabilities. For
Instance, while early-generation cellular communication systems were used primarily for voice
communications, successor-generation cellular communication systems provide increased data
communication capabilities. New-generation systems are capable of providing multimedia
communication services at guaranteed levels of quality.

[0004] In a cellular communication system, and more generally, any radio, as well as

another, communication system, channel bandwidth allocation is limited. The frequency
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spectrum allocated for use by a cellular communication system is limited, and such limitation is
regularly a limiting factor in the communication capacity of the system. Effort is made,
theretore, to utilize the allocated capacity in an efficient manner.

[0005] OFDM (Orthogonal Frequency Division Multiplexing) schemes, and other MCM
(Multi-Carrier Modulation) schemes, e.g., provide the possibility of more efficient usage of
channel bandwidth, thereby permitting increased speed for data to be communicated within a
given channel bandwidth. In an OFDM communication scheme, sub-carriers are defined that are
orthogonal. In an OFDM scheme, power management is an important function. Power
efficiency, e.g., is, dependent upon power characteristics of communications upon OFDM-
defined channels. One power characteristic of interest is a PAPR, Peak-To-Average Power
Ratio. It 1s generally desired to communicate data at a relatively low PAPR. When the data
leads to a higher PAPR, the power amplifier (PA) at a transmit station has to operate at a lower
level of average power. When operated at the lower average power level, the resultant signal is
of lower transmit power, and the coverage area of service is reduced. And, when operated at the
lower average power level, the PA operates with a lower power etficiency, resulting in a higher
service cost, and reduced battery longevity if the transmit station is powered by a battery power
supply.

[0006] If a manner could be provided by which better to ensure that data that is to be
communicated in an OFDM, or other MCM, communication system leads to an acceptably low
PAPR level, communication improvements would be likely.

[0007] It 1s in light of this background information related to communications in an

OFDM or MCM communication scheme that significant improvements of the present invention

have evolved.
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Brief Description of the Drawings

[0008] Figure 1 illustrates a functional block diagram of a radio communication system
in which an embodiment of the present invention 1s operable.

[0009] Figure 2 illustrates a process diagram representative of the process of operation of
an embodiment of the present invention.

[0010] Figure 3 illustrates a method flow diagram representative of the method of

operation of an embodiment of the present invention.

Detailed Description

[0011] The present invention, accordingly, advantageously provides apparatus, and an
associated method, for communicating a data block in an OFDM-based, or other MCM-based,
communication system.

[0012] Through operation of an embodiment of the present invention, a manner 1s
provided by which to combine the data block with a randomized, scrambling sequence to form a
combination sequence that leads to a PAPR (Peak-to-Average Power Rati10) of selected
characteristics.

[0013] In one aspect of the present invention, the data block i1s combined with successive
scrambling sequences until a combination sequence 1s formed that leads to the PAPR of the
selected characteristics. Once the combination sequence that leads to the PAPR of the selected
characteristics 1s formed, the combination sequence 1s transmitted.

[0014] In another aspect of the present invention, if none of the combination sequences
leads to a PAPR of the selected characteristics, then a combination sequence that leads to the

smallest PAPR 1s selected for transmission.

[0015] Through selection of the combination sequence that leads to a PAPR of selected
characteristics, or a smallest-available PAPR level, the informational content of the data block 1s
communicated while reducing the likelihood of occurrence of problems that sometimes result
when data blocks leading to high PAPRs are transmitted.

[0016] In another aspect of the present invention, a product sequence 1s formed of a data
block that 1s to be communicated multiplied with a binary sequence. Once formed, an inverse

discrete Founier transform (IDFT) is performed upon the product sequence and the PAPR after
3
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IDFT 1s calculated. If the calculated PAPR is smaller than a pre-defined threshold, then the
product sequence is caused for transmission.

[0017] I, conversely, the calculated PAPR of the product sequence after IDFT is not
smaller than the threshold level, then the PAPR level and the transformed product sequence are
buffered, and a new product sequence is formed, formed of another scrambling sequence
multiplied with the data block. An iterative procedure of performing an IDFT on the newly
created product sequence, calculation of the PAPR, and comparison with the threshold value is
performed. The iterative procedure continues until a PAPR associated with a product sequence
1s smaller than the threshold or unique scrambling sequences no longer remain available to form
new product sequences.

[0018] If, upon completion of the successive iterations, no product sequence leads to a
PAPR that 1s smaller than the threshold, then the buffered sequence after IDFT that leads to the
smallest PAPR, albeit larger than the threshold, is selected for transmission.

[0019] In another aspect of the present invention, a scrambling sequence that is combined
with a data block in each iteration is selected from a set of scrambling sequences. Each
scrambling sequence is independent from other sequences. And, each scrambling sequence is of
the length corresponding to the length of the data block. The values of the binary, scrambling
sequence are of randomly-generated “1” or minus “1” values. The scrambling sequences are,
¢.g., randomly generated off-line and in advance, then saved at both the transmitting and
receiving stations. The receiving station thereby knows the entire set of sequences 1n advance.

[0020] In another aspect of the present invention, a buffer is provided to buffer values of
sequences out of IDFT together with their associated, calculated PAPRs. In each 1teration, if the
sequence after IDFT exhibits a PAPR that is larger than the threshold, the sequence after IDFT
and 1ts associated PAPR are buffered. In the event that all candidate scrambling sequences have
been iterated and no sequence after IDFT is of a PAPR that is smaller than the threshold, then a
determination is made of which of the buffered sequences exhibits the smallest PAPR. The
buttered sequence that exhibits the smallest PAPR is selected for transmission and is retrieved
from the buffer and caused to be communicated.

[0021] In the event that a first product sequence after IDFT exhibits a PAPR smaller than

the threshold, only a single product sequence is formed. And, iterations of product-sequence
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formations, IDFT operations, PAPR calculations, and comparison operations are performed
successively until a PAPR of a product sequence after IDFT is determined to be smaller than the
threshold. That is to say, product sequences are only formed to the extent needed.

Determination 1s made responsive to formation of each successive product sequence as to
whether the product sequence after IDFT exhibits a PAPR smaller than the threshold. Extra
product sequences, i.e., product sequences that might not be needed are not formed. Through the
transmission of transformed product sequences after IDFT that exhibit acceptable, or smaller-
available, PAPRs, improved communication performance is obtained.

[0022] In these and other aspects, therefore, apparatus, and an associated method, are
provided for forming a transmit block formed of a data block. The transmit block is for
communication pursuant to an OFDM scheme. A combiner is configured to combine the data
block with a selected, scrambling sequence to form a combination sequence. The transmitter is
configured to transmit the transformed combination sequence after IDFT when a PAPR
associated with the combination sequence after IDFT is of a selected level.

[0023] Reterring first, therefore to Figure 1, portions of a radio communication system,
shown generally at 10, include a set of communication stations 12 and 14, interconnected by way
of a radio air interface, here represented by the segment 16. In the exemplary implementation,
the communication system 10 forms an OFDM (Orthogonal Frequency Division Multiplexing)-
based communication system, or other MCM (Multi-Carrier Modulation)-based communication
system. OFDM-based communication schemes are proposed for a so-called fourth generation
(4G) cellular communication system. The following description shall describe exemplary
operation with respect to implementation of the communication system as a 4G, OFDM-based
cellular communication system. It should be understood, however, that the tfollowing description
1s analogously also representative of many other communication systems, both wireless and
wireline, in which data blocks are communicated. Additionally, description of operation shall be
described with respect to the communication station 12 forming a network station, and the
communication station 14 forming a mobile station or vice versa. In the exemplary

implementation, both the communication stations include analogous functionality and are

operable 1n analogous manners.
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[0024] A data source 22 sources data. Each data is a value taken from an M-ary signal
constellation. And, each data block is formed of N such values in general. A data block sourced
at the data source is provided, here indicated by way of the line 24, to a multiplier 28 that forms a
combiner. The multiplier multiplies symbol values together with a scrambling sequence
provided to the multiplier on the line 32. The scrambling sequence is provided on the line 32 by
a scrambling sequence provider 34. The scrambling sequence provider forms a sequence
generator or a cache of scrambling sequences, available for retrieval and use for combination
with the data block at the multiplier 28. Each scrambling sequence is a sequence of binary
values with different binary sequences forming independent sequences, each consisting of N
numbers of randomly generated 1 and -1 values. The multiplier combines the data block and the
scrambling sequence to form a product sequence, viz., a combination sequence. The sequence 1s
provided, here indicated by way of the line 38, to an IDFT (Inverse Discrete Fourier Transtorm)
operator 42. The IDFT operator performs an IDFT operation upon the combination sequence on
the line 38 and generates a transformed block of values on the line 44.

[0025] The transformed block of values 1s provided to a PAPR (Peak to Average Power
Ratio) calculator 48. The PAPR calculator calculates a value of the PAPR for the transtormed
block of values thereto. And, the calculated PAPR value, formed on the line 52, 1s provided to a
threshold comparator 54. The threshold comparator compares the value of the PAPR calculated
by the calculator 48 with a pre-determined threshold value. If the calculated PAPR associated
with the transformed block of values is smaller than the threshold, then a decision i1s made to
send the transformed values of the product sequence associated with the acceptable PAPR value.
An indication of the scrambling sequence used in the formation of the product sequence 1s
provided to a control signal generator comprising a scrambling sequence ID provider 58.

[0026] The provider 58 generates a control signal that identifies the scrambling sequence
used in the product sequence formation. The provider 58, for instance, generates control bits that
populate a field of a control signal that is sent by the communication station. The transmit chain
includes a D/A (Digital-to-Analog) and an IF/RF (Intermediate Frequency/Radio Frequency)
element 62. The control signal generated by the control signal generator 58 is caused to be
transmitted by the element 62. When a value of the PAPR calculated by the calculator 1s smaller
than the threshold, the threshold comparator permits the associated product sequence atter IDFT

6
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to be provided to the element 62 to be transmitted therefrom. In the event that the PAPR value is
larger than the threshold, then the product sequence after IDFT and its associated PAPR value
are buffered at a buffer 66. And, an indication is provided, here indicated by the line 68 to the
scrambling sequence provider 34 and to the multiplier 28 to indicate the negative results of the
comparison made by the comparator.

[0027] Responsive to the notification of the negative results, a new iteration commences.
That 1s to say, a new scrambling sequence 1s provided by the scrambling sequence provider to
the multiplier 28, and a new combination, i.€., product, sequence 1s formed. The new product
sequence is transformed by the IDFT operator, its PAPR i1s calculated by the calculator 48, and
the threshold comparator compares the calculated PAPR value against the threshold. Responsive
to the comparison, the new product sequence after IDFT is of a PAPR that is acceptable, or not.
If acceptable, the control signal generator operates, and the product sequence atter IDFT 1s
caused by the element 62 to be transmitted. Otherwise, the product sequence after IDFT and its
associated PAPR are buffered at the buffer and additional iteration 1s performed, if a unique
scrambling sequence remains to be provided.

[0028] If no more iterations with unique scrambling sequences can be performed, the
threshold comparator accesses the buffer contents of the buffer 66 and compares the PAPR
values stored therein. The buffered sequence associated with the smallest of the buffered PAPR
values is selected to be sent by the communication station. Buffered information associated with
the scrambling sequence used in the formation of the selected product sequence 1s also retrieved
and provided to the control signal generator 58. The control signal generator causes a control
signal to be sent by the communication station 12, to the receiving station, here the
communication station 14, to alert the communication station 14 of the scrambling sequence
used in the formation of the product sequence that is to be communicated thereto.

[0029] Thereby, a data block is altered, through the combination with a scrambling
sequence, to alter the PAPR to facilitate its communication to the communication station 14.
The operation is iterative such that unneeded operations are not performed. That is to say, if the
first combination sequence, 1.€., product sequence, leads to an acceptable PAPR after IDFT,
additional product sequences need not be formed. And, during any iteration, if a product
sequence i1s formed of an acceptable PAPR after IDFT, additional product sequences are not

7
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formed. And, if none of the product sequences exhibits an acceptable PAPR, selection is made
of the product sequence associated with the smallest, albeit otherwise unacceptable, PAPR. And,
by notifying the receiving communication system of the scrambling sequence that is used to form
the product sequence, the receiving station is able, in its receive chain operation, to recover the
informational content of the data block.

[0030] Figure 2 illustrates a process diagram shown generally at 82, representative of the
process of operation of an embodiment of the present invention, such as that provided during
operation of the apparatus 12, shown in Figure 1. Then, and as indicated by the block 86, a new
data set, X, is provided, in which q=1. Then, and as indicated by the multiplier 88, the data set is
multiplied with a scrambling sequence B (q) provided by way of the path 92. A product
sequence 1s formed and provided, by way of the line 94, to the block 96 at which an IDFT is
performed upon the product sequence.

[0031] Then, and as indicated by the decision block 102, a determination is made as to
whether the PAPR associated with the transform of the product sequence is smaller than a
threshold. If smaller than the threshold, the “smaller” branch is taken to the block 104, and the
transformed product sequence is transmitted. If, conversely, the calculated PAPR is larger than
the threshold, a “larger” branch is taken to the decision block 106. A determination is made,
Indicated by q less than L, as to whether additional scrambling sequences are available by which
to be combined with the data block. If an additional scrambling sequence is available, the “yes”
branch is taken to the block 108, and transformed sequence 1s saved, together with its associated
PAPR. Selection of a new scrambling sequence is made at the block 112, indicated by the
incrementing of the small letter q variable. Then, and as indicated by the block 1 14, a new
scrambling sequence is obtained and provided, by way of the path 92, to the multiplier 88 for a
subsequent iteration of operation.

[0032] The subsequent iteration of operation is only carried out in the event that the
earlier 1teration fails to form a product sequence that leads to an acceptable PAPR.

[0033] If, at the decision block 106, a determination is made that no more scrambling
sequences 1s available, the “no” branch is taken to the block 118 whereat selection of a

transformed product sequence from amongst saved sequences in prior iterations of the process is
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made. Selection is made of the saved sequence that exhibits a best, i.e., the smallest, PAPR

value.

10034] Once selection 1s made, a path is taken to the block 104, and the selected,

transformed sequence 1s transmitted.

[0035] Thereafter, a path 1s taken to the decision block 112, and a determination is made
as to whether additional symbols are available for transmission. If so, the “yes” branch is taken

back to the block 86. Otherwise, the “no” branch is taken to the stop block 124.

[0036] The collection of all data symbols X, ,n=0,,..., N —1, is denoted as a vector

X =[X,,X,,....Xy,] that will be termed as a data block, where the superscript 7 stands for

transposition, and X, takes a value from an M-ary signal constellation. The complex baseband

representation of a multi-carrier signal consisting of N subcarriers is given by

1 N-1
x(t) = X, exp(j2n nf,t), 0<t< NT (1)
e ‘7

where j =+/-1, f,, is the frequency spacing between adjacent subcarriers, and NT denotes the

data block period. In OFDM the subcarriers are orthogonal (i.e., f,, = 1 ). The transmitted RF

NT
signal 1s
5(1) = R, {x(t) exp(j27,1)} (2)

where f_1s the carrier frequency, and R | {u(?)} stands for the real part of u(¢z). The PAPR of the

baseband signal 1s defined as

skl
PAPR = —9S(<NT_ (3)

YNT - [ |x(o) de

An approximation in which only mN equidistant samples of x(#) are considered where m is an

integer larger than or equal to 1. These “m-time oversampled” time-domain samples are

represented as a vector x=[ x,, X, ,...,x,.,_ ] and obtained as
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N-]
: Zx,, exp(j2rknf,T / m), k=0,1,....,mN -1 (4)

\/]_V_ n=0

x, =x(kT'/m) =

The PAPR of the continuous-time signal cannot be obtained precisely by use of the Nyquist rate
sampling, which corresponds to the case of m = 1. But, setting m = 4 provides sufficiently

accurate PAPR results. The PAPR computed from the m- time oversampled time domain signal

samples 1s given by

PAPR = max r, = max 5| (5)

k 2
0<k<smN -1 0<k<mN ~1 E
[l i k | ]

where E['] denotes expectation, and 7, is the normalized power of x, . The sequence {x, } in

Eq.(4) 1s interpreted as the inverse discrete Fourier transform (IDFT) of the data block X with (m

— 1)N zeroes padded. As a sum of N independent random variables, in general, x, is a complex

random variable. A different data block of X usually yields a different sequence of { x, } with a

different PAPR.

[0037] As described above, binary scrambling sequences are used pursuant to an

embodiment of the present invention. L binary scrambling sequences are defined, denoted as
B(q)=[[b,(9),b,,(q),.-by_(q)] withg=1,2, ..., L, L apositive integer. For g=1, B(1) consists

of all ones. For all other values of g>1, B(g)’s are independent sequences, each consisting of N

numbers of randomly generated 1 or -1.

[0038] The process shown in Figure 2 is also represented by the following five primary

operations:
[0039] (1) For each given sequence of X, start with g=1.
10040] (2) Perform IDFT on the element-by-element product of X and B(g) to get a

sequence {x, }.
[0041] (3) Find out the PAPR of the sequence {x, }. If the PAPR is below a predefined

threshold, transmit {x, } and claim success; otherwise save {x, } (denoted as {x, }(g)) and go to

Step (4).

10
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[0042] (4) If g <L, set g = g+1 and go back to Step (2); otherwise go to Step (5).

[0043] (5) Transmit the sequence x, associated with the minimum PAPR among the L

saved sequences of {x,(q)}.

[0044] Each time when Step (2) i1s performed, X is multiplied with a new binary
sequence B(g) to yield a new product sequence of {x,(q)}, and in turn yield a different PAPR

after IDFT. With a limited number of trials, a PAPR below, or closer to, the threshold i1s
obtainable with a high probability.

[0045] Figure 3 illustrates a method block diagram, shown generally at 132,
representative of the method of operation of an embodiment of the present invention. The
method facilitates formation of a transmit block formed of a data block. The transmit block 1s
for communication pursuant to an OFDM, or other MCM, communication scheme.

[0046] First, and as indicated by the block 136, the data block is combined with a
selected scrambling sequence to form a combination sequence. Then, and as indicated by the
block 138, the combination sequence is selectably transmitted if a PAPR associated with the
combination sequence 1s smaller than a selected level.

[0047] Thereby, through appropriate selection of the scrambling sequence, a data block 1s

better able to be communicated that leads to a smaller, or acceptable, PAPR level.

11
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CLAIMS:

l. Apparatus tor transmitting a transmit block pursuant to an OFDM scheme, said
apparatus comprising:

a combiner configured to multiply a data block with a first selected scrambling
sequences to form a first combination sequence, the first selected scrambling sequence
being from a set of scrambling sequences, wherein each scrambling sequence from the set
of scrambling sequences comprises a sequence of binary values with different binary
sequences forming independent sequences, each independent sequence consisting of a
plurality of 1 and -1 values;

a scrambling sequence provider configured to provide the first selected
scrambling sequence to said combiner, said scrambling sequence provider and said
combiner are configured iteratively to provide successive scrambling sequences and
successive combination sequences if a power ratio indicium associated with either the
first combination sequence or a subsequent combination sequence is larger than a

predefined threshold;

a provider configured to generate a control signal that identifies the selected
scrambling sequence of an accepted combination sequence; and

a transmitter adapted selectably to receive the accepted combination sequence
formed by said combiner and the control signal generated by said provider, the

combination sequence being accepted if the power ratio indicium based on the first

combination sequence or subsequent combination sequence is determined to be smaller
than the predefined threshold, the accepted combination sequence forming the transmit

block, said transmitter configured to transmit the accepted combination sequence and the

control signal.

2. The apparatus of claim 1 wherein the selected scrambling sequence combined by

said combiner in each iteration by said combiner 1s independent of others of the

scrambling sequences.

12
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3. The apparatus of claim 1 further comprising a selector configured to select which

of the successive combination sequences formed pursuant to iterations thereof provided

by said combiner is to form the combination sequence that forms the transmit block.

4. The apparatus of claim 1 wherein the power ratio indicium based upon the
combination sequence 1s further based on an inverse Fourier transform of the

combination sequence.

5. The apparatus of claim 1 wherein the power ratio indicium based upon the

combination sequence 1s further based on an oversampling of an inverse fast Fourier

transform of the combination sequence.

6. The apparatus of claim 1 wherein the power ratio indicium associated with the

combination sequence comprises a peak-to-average power ratio value.

7. The apparatus of claim 1, wherein said transmitter is configured selectably to
transmit the combination sequence if the peak-to-average power ratio value associated

therewith 1s less than the threshold level.

8. The apparatus of claim 1 further comprising a transformer configured to perform

an inverse fast Fourier transform upon the combination sequence.

9. A method for transmitting a transmit block pursuant to an OFDM scheme, said
method comprising of:

forming a selected scrambling sequence;

multiplying a data block with a selected scrambling sequence to form
combination sequence, the selected scrambling sequence being from a set of scrambling
sequences, wherein each scrambling sequence of said set of scrambling sequences

comprises a sequence of binary values with different binary sequences forming
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independent sequences, each independent sequence consisting of a plurality of numbers
of randomly generated 1 and -1 values;
calculating a power ratio indicium based on the combination sequence;

determining whether the power ratio indicium is better than a predefined

threshold;

providing a control signal that identifies the selected scrambling sequence 1f the

power ratio indicium is determined to be better than the predefined threshold:;

selectably transmitting the combination sequence as the transmit block, and the
control signal that identifies the scrambling sequence if the power ratio indicium 1s
determined to be better than the predefined threshold; and

selecting another scrambling sequence and causing the multiplying to form
another combination sequence from the another selected scrambling sequence iteratively

if the power ratio indicium is determined to be worse than the predefined threshold.

10.  The method of claim 9 further comprising transforming the combination sequence

via an inverse Fourler transtorm.

11. The method of claim 10 wherein the calculation of the power ratio indicium based
on the combination sequence further comprises an oversampling of the inverse fast

Fourier transform of the combination sequence.

12. The method of claim 10 wherein the determination of whether a power ratio
indicium is better than or worse than a threshold further comprises a determination of

whether the power ratio indicium is smaller than or larger than a threshold.
13. Apparatus for an MCM, Multicarrier Modulation, transmitter, said apparatus

comprising:

a scrambling sequence provider configured to form a set of scrambling sequences;

14
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a combiner configured to selectably multiply together a data block and at least a

first scrambling sequence selected from a set of scrambling sequences into a combined
sequence, wherein each sequence of the set of scrambling sequences comprises a
sequence of binary values with different binary sequences forming independent
sequences, each independent sequence consisting of a plurality of numbers of randomly
generated 1 and -1 values; and

a selector configured to select to permit transmission of the combined sequence
formed by said combiner 1f the power ratio indicium 1s smaller than a predefined
threshold or to cause the combiner to multiply together the data block and a second
scrambling sequence i1f the power ratio indicium is larger than the predefined threshold,
and said selector further configured to provide an indication of the scrambling sequence

used 1n the combined sequence when transmission of the combined sequence is

permitted.

13
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