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FIG. 3
Design variable Value
Ngp: Number of data subcarriers 336
Ngp: Number of pilot subcarriers 16
Npc: Number of DC subcarriers 3
Ngr : Total Number of subcarriers 355
N qr: Number of subcarriers

177
occupying half of the overall BW
Ay : subcarrier frequency spacing

1.056875MHz(540MHz/512)
F,: OFDM sample rate 660MI1z
F, : SC chip rate 440MHz =% F;
T, : OFDM Sample Time 1.52ns=1/F5
T, : SC Chip Time 2.28ns=1/F.
Tper: IDFT/DFT period 0.776usec
Tai : Guard Interval duration

193.6ns= Tpr1/4
290.8ns=128xT,
2617.2n5=9% Tieq

Tseq
Tyt : Detection sequence duration

1454n5=5% Tseq
872.4n5=3% Taeq

581.6n5=2x Teeq

Teg: Channel(iEstlmatlon sequence 2620n5-9%Tseq
uration

Tgynm: Symbol Interval

0.968}.LS: TDFT+TGI
0.968 H,S:T SYM (OFDM)

Turaner : Header Duration

2.328pus =2x512x T, (S8C)
Feep : Control PHY chip rate 440MHz
Tpata Nsym *Tsym (OFDM)

(NpLgs *312+64)<T, (SC)
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FIG. 6

( Start )

Y

Determine number of repetitions of 601
first sequence in each of n preambles
Y
Generate n preambles based on determined L 603
number of repetitions, first sequence, and second sequence
Y
Transmit generated n preambles —~~ 605
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APPARATUS AND METHOD FOR NEAR
FIELD COMMUNICATION IN ULTRA
WIDEBAND (UWB)

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority benefit of
Korean Patent Application No. 10-2012-0099811, filed on
Sep. 10, 2012, and Korean Patent Application No. 10-2013-
0099813, filed on Aug. 22, 2013 in the Korean Intellectual
Property Office, the disclosures of which are incorporated
herein by reference.

BACKGROUND
[0002] 1. Field of the Invention
[0003] Embodiments of the present invention relate to an

apparatus and method for near field communication (NFC) in
an ultra wideband (UWB) that may generate a preamble
available in an UWB.

[0004] 2. Description of the Related Art

[0005] Due to a great amount of data traffic, frequency use
of a near field communication (NFC) network in a local area
is predicted to be saturated.

[0006] Accordingly, a new NFC technology using a rela-
tively infrequently used ultra wideband (UWB) frequency is
required.

[0007] However, a wireless local area network (WLAN)
transmission technology of an existing millimeter wave band,
for example, 60 GHz uses a frequency bandwidth of 2.16
GHz, whereas an UWB frequency band divides and thereby
uses a frequency bandwidth based on a unit of 528 MHz.
Therefore, the WL AN transmission technology using the mil-
limeter wave band, for example, 60 GHz may not be applied
as is in an UWB frequency band environment.

[0008] For example, a millimeter wave band based pre-
amble scheme used to recover data in a poor frequency envi-
ronment may be significantly inefficient to be used in an
UWB frequency band environment.

SUMMARY

[0009] An aspect of the present invention is to support
smooth near field communication (NFC) in an ultra wideband
(UWB) by generating a preamble available in an UWB, trans-
mitting the generated preamble to a mobile terminal, and
enabling the mobile terminal to recover data based on the
preamble.

[0010] According to an aspect of the present invention,
there is provided an apparatus for NFC in an ultra wideband
(UWB), the apparatus including a determiner to determine
the number of repetitions of a first sequence in each of n
preambles, n denoting a natural number, and a processor to
generate n short preambles by repeatedly arranging the first
sequence based on the determined number of repetitions, and
to generate the n preambles by arranging a long preamble
with respect to each of the generated n short preambles.

[0011] According to another aspect of the present inven-
tion, there is provided a method for NFC in an UWB, the
method including determining the number of repetitions of a
first sequence in each of n preambles, n denoting a natural
number, and generating n short preambles by repeatedly
arranging the first sequence based on the determined number
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of repetitions, and generating the n preambles by arranging a
long preamble with respect to each of the generated n short
preambles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Theseand/or other aspects, features, and advantages
of the invention will become apparent and more readily
appreciated from the following description of exemplary
embodiments, taken in conjunction with the accompanying
drawings of which:

[0013] FIG.1isablock diagram illustrating a configuration
of an apparatus for near field communication (NFC) in an
ultra wideband (UWB) according to an embodiment of the
present invention;

[0014] FIG. 2 illustrates an example of a format of a pre-
amble generated in an apparatus for NFC in an UWB accord-
ing to an embodiment of the present invention;

[0015] FIG. 3 illustrates an example of setting a timing
design variable associated with a transmission in an apparatus
for NFC in an UWB according to an embodiment of the
present invention;

[0016] FIG. 4 illustrates an example of a frequency mask
used in an apparatus for NFC in an UWB according to an
embodiment of the present invention;

[0017] FIG. 5 illustrates another example of a format of a
preamble generated in an apparatus for NFC in an UWB
according to an embodiment of the present invention; and
[0018] FIG. 6 is a flowchart illustrating a method for NFC
in an UWB according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION

[0019] Reference will now be made in detail to exemplary
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings, wherein like ref-
erence numerals refer to the like elements throughout. Exem-
plary embodiments are described below to explain the present
invention by referring to the figures.

[0020] Hereinafter, an apparatus and method for near field
communication (NFC) in an ultra wideband (UWB) accord-
ing to embodiments of the present invention will be described
with reference to the accompanying drawings.

[0021] FIG. 1isablock diagram illustrating a configuration
of an apparatus 100 for NFC in an UWB according to an
embodiment of the present invention.

[0022] Referring to FIG. 1, the NFC apparatus 100 may
include a determiner 101 and a processor 103.

[0023] The determiner 101 may determine the number of
repetitions of a first sequence in each of n preambles. Here, n
denotes a natural number. The determiner 101 may differ-
ently determine the number of repetitions of the first sequence
in each of the n preambles by sequentially decreasing the
number of repetitions. For example, if n=4, the determiner
101 may determine the number of repetitions of the first
sequence in a first preamble as “eight times”, may determine
the number of repetitions of the first sequence in a second
preamble as “four times”, may determine the number of rep-
etitions of the first sequence in a third preamble as “twice”,
and may determine the number of repetitions of the first
sequence in a fourth preamble as “once”.

[0024] The determiner 101 may determine the number of
repetitions of the first sequence in each of the n preambles,
based on a channel state, for example, receiving sensitivity.
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[0025] The processor 103 may generate n short preambles
by repeatedly arranging the first sequence based on the deter-
mined number of repetitions, and may generate the n pre-
ambles by arranging a long preamble with respect to each of
the generated n short preambles. Here, the short preamble
may be a short training field (STF) and the long preamble may
be a channel estimation field (CEF).

[0026] The processor 103 may generate a short preamble
by further arranging a second sequence having a phase oppo-
site to a phase of the first sequence. The processor 103 may
arrange the second sequence between the first sequence and
the long preamble.

[0027] For example, the processor 103 may generate the
first frame by repeatedly arranging eight first sequences and
by further arranging the second sequence and the long pre-
amble to be next to the eight first sequences. The processor
103 may generate the second preamble by repeatedly arrang-
ing four first sequences, and by further arranging the second
sequence and the long preamble to be next to the four first
sequences. The processor 103 may generate the third pre-
amble by repeatedly arranging two first sequences and by
further arranging the second sequence and the long preamble
to be next to the two first sequences. Also, the processor 103
may generate the fourth preamble by arranging a single first
sequence and by further arranging the second sequence and
the long preamble to be next to the first sequence.

[0028] The processor 103 may sequentially transmit the
generated n preambles to a mobile terminal. The processor
103 may sequentially transmit, to the mobile terminal, the
first preamble, the second preamble, the third preamble, and
the fourth preamble in, for example, a bandwidth of 540
MHz, 1080 MHz, or 1620 MHz.

[0029] The NFC apparatus 100 may generate a preamble
for applying a multiple input multiple output (MIMO) com-
munication scheme using m antennas, and may transmit the
generated preamble to the mobile terminal. Here, m denotes a
natural number.

[0030] FIG. 2 illustrates an example of a format of a pre-
amble generated in an apparatus for NFC in an UWB accord-
ing to an embodiment of the present invention.

[0031] Referring to FIG. 2, the NFC apparatus may gener-
ate a plurality of preambles having different lengths. Here, the
NFC apparatus may generate the plurality of preambles by
including a short preamble and a long preamble. The short
preamble may include a first sequence and a second sequence
having a phase opposite to a phase of the first sequence. Here,
an interval of each of the first sequence and the second
sequence may be, for example, 128 T. An interval of the short
preamble may vary based on the number of repetitions of the
first sequence, and an interval of the long preamble may be,
for example, 1152 T.

[0032] Forexample, the NFC apparatus may generate a first
preamble 201 that includes a short preamble, including eight
first sequences and a single second sequence, and a long
preamble. The NFC apparatus may generate a second pre-
amble 203 that includes a short preamble, including four first
sequences and a single second sequence, and a long pre-
amble. The NFC apparatus may generate a third preamble
205 that includes a short preamble, including two first
sequences and a single second sequence, and a long pre-
amble. Also, the NFC apparatus may generate a fourth pre-
amble 207 that includes a short preamble, including a single
first sequence and a single second sequence, and a long pre-
amble.
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[0033] FIG. 3 illustrates an example of setting a timing
design variable associated with a transmission in an apparatus
for NFC in an UWB according to an embodiment of the
present invention.

[0034] Referring to FIG. 3, the NFC apparatus may set a
timing design variable associated with a transmission in the
case of using, for example, a channel bandwidth of 528 MHz.
Here, the NFC apparatus may set a detection sequence dura-
tion Tore as 2617.2 ns=9xTseq, 1454 ns=5xTseq, 872.4
ns=3xTseq, and 581.6 ns=2xTseq, and may set a channel
estimation sequence duration T . as 2620 ns=9%Tseq.
[0035] FIG. 4 illustrates an example of a frequency mask
used in an apparatus for NFC in an UWB according to an
embodiment of the present invention.

[0036] Referring to FIG. 4, in the case of using, for
example, a channel bandwidth of 528 MHz, the NFC appa-
ratus may transmit, to a mobile terminal, a signal that passes
by applying, to a plurality of preambles, a frequency mask for
making a frequency between -550 MHz and 550 MHz pass.
[0037] FIG. 5 illustrates another example of a format of a
preamble generated in an apparatus for NFC in an UWB
according to an embodiment of the present invention.
[0038] Referring to FIG. 5, the NFC apparatus may gener-
ate a preamble for applying a MIMO communication scheme
using a plurality of antennas.

[0039] For example, the NFC apparatus may generate a
preamble that includes an STF, a CEF, a header field, a
MIMO-Header field, a MIMO-STF, MIMO-CE,, . . .,
MIMO-CEn, and a DATA field, or may generate a preamble
that includes a MIMO-STF, MIMO-CE, , MIMO-Header,
MIMO-CE,, . . ., MIMO-CEn, and a DATA field.

[0040] FIG. 6 is a flowchart illustrating a method for NFC
in an UWB according to an embodiment of the present inven-
tion.

[0041] Referring to FIG. 6, in operation 601, an NFC appa-
ratus may determine the number of repetitions of a first
sequence in each of n preambles. Here, n denotes a natural
number. In this instance, the determiner 101 may differently
determine the number of repetitions of the first sequence in
each of the n preambles by sequentially decreasing the num-
ber of repetitions. For example, if n=4, the determiner 101
may determine the number of repetitions of the first sequence
in a first preamble as “eight times”, may determine the num-
ber of repetitions of the first sequence in a second preamble as
“four times”, may determine the number of repetitions of the
first sequence in a third preamble as “twice”, and may deter-
mine the number of repetitions of the first sequence in a fourth
preamble as “once”.

[0042] The NFC apparatus may determine the number of
repetitions of the first sequence in each of the n preambles,
based on a channel state, for example, receiving sensitivity.
[0043] Inoperation 603,the NFC apparatus may generate n
preambles based on the determined number of repetitions, the
first sequence, and the second sequence. The NFC apparatus
may generate n short preambles by repeatedly arranging the
first sequence based on the determined number of repetitions,
and may generate the n preambles by arranging a long pre-
amble with respect to each of the generated n short preambles.
[0044] The NFC apparatus may generate a short preamble
by further arranging a second sequence having a phase oppo-
site to a phase of the first sequence. The NFC apparatus may
arrange the second sequence between the first sequence and
the long preamble.
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[0045] For example, the NFC apparatus may generate the
first frame by repeatedly arranging eight first sequences and
by further arranging the second sequence and the long pre-
amble to be next to the eight first sequences. The NFC appa-
ratus may generate the second preamble by repeatedly
arranging four first sequences, and by further arranging the
second sequence and the long preamble to be next to the four
first sequences. The NFC apparatus may generate the third
preamble by repeatedly arranging two first sequences and by
further arranging the second sequence and the long preamble
to be next to the two first sequences. Also, the NFC apparatus
may generate the fourth preamble by arranging a single first
sequence and by further arranging the second sequence and
the long preamble to be next to the first sequence.

[0046] In operation 605, the NFC apparatus may sequen-
tially transmit the generated n preambles to a mobile terminal.
The NFC apparatus may sequentially transmit, to the mobile
terminal, the first preamble, the second preamble, the third
preamble, and the fourth preamble in, for example, a band-
width of 540 MHz.

[0047] According to embodiments of the present invention,
it is possible to support smooth NFC in an UWB by generat-
ing a preamble available in the UWB, transmitting the gen-
erated preamble to a mobile terminal, and enabling the mobile
terminal to recover data based on the preamble.

[0048] The units described herein may be implemented
using hardware components and software components. For
example, the hardware components may include micro-
phones, amplifiers, band-pass filters, audio to digital conver-
tors, and processing devices. A processing device may be
implemented using one or more general-purpose or special
purpose computers, such as, for example, a processor, a con-
troller and an arithmetic logic unit, a digital signal processor,
a microcomputer, a field programmable array, a program-
mable logic unit, a microprocessor or any other device
capable of responding to and executing instructions in a
defined manner. The processing device may run an operating
system (OS) and one or more software applications that run
on the OS. The processing device also may access, store,
manipulate, process, and create data in response to execution
of the software. For purpose of simplicity, the description of
a processing device is used as singular; however, one skilled
in the art will appreciated that a processing device may
include multiple processing elements and multiple types of
processing elements. For example, a processing device may
include multiple processors or a processor and a controller. In
addition, different processing configurations are possible,
such a parallel processors.

[0049] The software may include a computer program, a
piece of code, an instruction, or some combination thereof,
for independently or collectively instructing or configuring
the processing device to operate as desired. Software and data
may be embodied permanently or temporarily in any type of
machine, component, physical or virtual equipment, com-
puter storage medium or device, or in a propagated signal
wave capable of providing instructions or data to or being
interpreted by the processing device. The software also may
bedistributed over network coupled computer systems so that
the software is stored and executed in a distributed fashion. In
particular, the software and data may be stored by one or more
computer readable recording mediums.

[0050] The above-described exemplary embodiments of
the present invention may be recorded in non-transitory com-
puter-readable media including program instructions to
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implement various operations embodied by a computer. The
media may also include, alone or in combination with the
program instructions, data files, data structures, and the like.
Examples of non-transitory computer-readable media
include magnetic media such as hard disks, floppy disks, and
magnetic tape; optical media such as CD ROM disks and
DVDs; magneto-optical media such as floptical disks; and
hardware devices that are specially configured to store and
perform program instructions, such as read-only memory
(ROM), random access memory (RAM), flash memory, and
the like. Examples of program instructions include both
machine code, such as produced by a compiler, and files
containing higher level code that may be executed by the
computer using an interpreter. The described hardware
devices may be configured to act as one or more software
modules in order to perform the operations of the above-
described exemplary embodiments of the present invention,
or vice versa.

[0051] Although a few exemplary embodiments of the
present invention have been shown and described, the present
invention is not limited to the described exemplary embodi-
ments. Instead, it would be appreciated by those skilled in the
art that changes may be made to these exemplary embodi-
ments without departing from the principles and spirit of the
invention, the scope of which is defined by the claims and
their equivalents.

What is claimed is:

1. An apparatus for near field communication in an ultra
wideband (UWB), the apparatus comprising:

a determiner to determine the number of repetitions of a
first sequence in each of n preambles, n denoting a
natural number; and

a processor to generate n short preambles by repeatedly
arranging the first sequence based on the determined
number of repetitions, and to generate the n preambles
by arranging a long preamble with respect to each of the
generated n short preambles.

2. The apparatus of claim 1, wherein the determiner differ-
ently determines the number of repetitions of the first
sequence in each of the n preambles by sequentially decreas-
ing the number of repetitions, and the processor sequentially
transmits the generated n preambles to a mobile terminal

3. The apparatus of claim 1, wherein the processor gener-
ates a short preamble by further arranging a second sequence
having a phase opposite to a phase of the first sequence.

4. The apparatus of claim 3, wherein the processor arranges
the second sequence between the first sequence and the long
preamble.

5. The apparatus of claim 1, wherein the determiner deter-
mines the number of repetitions of the first sequence in each
of'the n preambles based on a channel state.

6. The apparatus of claim 1, wherein the short preamble is
a short training field (STF) and the long preamble is a channel
estimation field (CEF).

7. A method for near field communication in an ultra wide-
band (UWB), the method comprising:

determining the number of repetitions of a first sequence in
each of n preambles, n denoting a natural number; and

generating n short preambles by repeatedly arranging the
first sequence based on the determined number of rep-
etitions, and generating the n preambles by arranging a
long preamble with respect to each of the generated n
short preambles.
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8. The method of claim 7, wherein the determining com-
prises differently determining the number of repetitions of the
first sequence in each of the n preambles by sequentially
decreasing the number of repetitions, and the method further
comprises:

sequentially transmitting the generated n preambles to a

mobile terminal.

9. The method of claim 7, wherein the generating of the n
preambles comprises generating a short preamble by further
arranging a second sequence having a phase opposite to a
phase of the first sequence.

10. The method of claim 9, wherein the generating of the
short preamble comprises arranging the second sequence
between the first sequence and the long preamble.

11. The method of claim 7, wherein the determining com-
prises determining the number of repetitions of the first
sequence in each of'the n preambles based on a channel state.

#* #* #* #* #*
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