«» UK Patent Application .,GB ,2506752

(13)A

(43)Date of A Publication 09.04.2014
(21) Application No: 1315355.6 (51) INT CL:
HO4L 27/26 (2006.01) HO04W 56/00 (2009.01)
(22) Date of Filing: 29.08.2013
(56) Documents Cited:

(30) Priority Data: US 20100158050 A1 US 20080310561 A1

(31) 20120097009 (32) 03.09.2012 (33) KR

(31) 20130086852 (32) 23.07.2013 (33) KR (58) Field of Search:

(71) Applicant(s):
Electronics and Telecommunications Research
Institute
(Incorporated in the Republic of Korea)
161 Gajeong-dong, Yusong-gu, Daejon-city 305-350,
Republic of Korea

(72) Inventor(s):
Joohyun Lee

(74) Agent and/or Address for Service:
Harrison Goddard Foote LLP
Saviour House, 9 St Saviourgate, YORK, Yorkshire,
YO1 8NQ, United Kingdom

INT CL HO4L, HO4W
Other: WPI, EPODOC, INSPEC, INTERNET

(54) Title of the Invention: Apparatus and method for detecting LTE uplink random access preamble based on

parallel processing

Abstract Title: DETECTING LTE UPLINK RANDOM ACCESS PREAMBLE

(57) An apparatus and method for detecting an LTE uplink random access preamble based on parallel processing
includes a generation unit for calculating a random access preamble sequence using a root index g, and generating
channel delay profile data g, ..t Using the random access preamble sequence and a channel delay profile
generation input signal. A comparison unit generates a preamble start position value corresponding to the root
index and compares the preamble start position value with a channel delay profile index. A detection unit detects a
peak value of the channel delay profile data if the preamble start position value is identical to the channel delay
profile index. The generation unit processes generation of pieces of channel delay profile data respectively
corresponding to a plurality of root indices in parallel. The delay time required to generate the channel delay profile

data is therefore reduced.
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APPARATUS AND METHOD FOR DETECTING LTE UPLINK RANDOM ACCESS
PREAMBLE BASED ON PARALLEL PROCESSING

BACKGROUND OF THE INVENTION

1. Technical Field
[0001] The present invention relates generally to an apparatus and method for detecting
a Long Term Evolution (LTE) uplink random access preamble based on parallel
processing and, more particularly, to an apparatus and method for detecting an LTE
uplink random access preamble based on parallel processing, which can more rapidly
detect an LTE uplink random access preamble by processing the generation of channel

delay profile data in parallel.

2. Description of the Related Art
[0002] Recently, with the development of wireless communication technology, Long
Term Evolution (LTE) wireless data packet communication standards have been widely
used. LTE is generally configured such that a terminal device receives a downlink
signal from a base station and then transmits an uplink random access preamble to the
base station so as to register itself on the base station.
[0003] In the base station that receives the LTE uplink random access preamble, the
generation of a channel delay profile requires a high computational load and a long delay
time, which are directly associated with the processing capacity of the base station.
Accordingly, in LTE communication, the time required to generate a channel delay
profile has been regarded as an important factor.
[0004] Korean Patent Application Publication No. 2012-0083512 relates to a random
access method for a wireless communication system, the wireless communication
system, a wireless terminal, and a base station device, and presents a configuration using
a single signature in a terminal device.
[0005] However, such conventional technology for detecting an LTE uplink random
access preamble does not present a detailed technique regarding which scheme can be
used to shorten the time required to generate a channel delay profile.
[0006] Therefore, there is urgently required new technology for detecting an LTE uplink

random access preamble, which can more rapidly detect an LTE uplink random access



preamble by processing in parallel the generation of pieces of channel delay profile data
respectively corresponding to one or more root indices so as to promptly generate a

channel delay profile.

SUMMARY OF THE INVENTION

[0007] Accordingly, the present invention has been made keeping in mind the above
problems occurring in the prior art, and an object of the present invention is to enable an
LTE uplink random access preamble to be more rapidly detected by processing in
parallel the generation of pieces of channel delay profile data respectively corresponding
to one or more root indices.

[0008] Another object of the present invention is to compare preamble start position
values corresponding to one root index due to the Doppler effect with a channel delay
profile index, thus more promptly canceling the influence of the Doppler effect.

[0009] A further object of the present invention is to previously prepare for a random
access preamble sequence using a root index before the storage of preamble data in a
buffer is completed, thus more rapidly generating channel delay profile data.

[0010] In accordance with an aspect of the present invention to accomplish the above
objects, there is provided an apparatus for detecting a Long Term Evolution (LTE)
uplink random access preamble based on parallel processing, including a generation unit
for calculating a random access preamble sequence using a root index and generating
channel delay profile data using the random access preamble sequence and a channel
delay profile generation input signal; a comparison unit for generating a preamble start
position value corresponding to the root index and comparing the preamble start position
value with a channel delay profile index; and a detection unit for detecting a peak value
of the channel delay profile data if the preamble start position value is identical to the
channel delay profile index.

[0011] Preferably, the generation unit may process generation of pieces of channel delay
profile data respectively corresponding to a plurality of root indices in parallel.

[0012] Preferably, the comparison unit may additionally generate preamble start position
values respectively corresponding to the root indices in consideration of a shift of the

peak value in the random access preamble sequence due to Doppler effect.



[0013] Preferably, the detection unit may be configured to, if each preamble start
position value is identical to the channel delay profile index, accumulate pieces of
channel delay profile data in preamble sections including preamble start position values
for respective root indices, and detect a peak value of the accumulated channel delay
profile data.

[0014] Preferably, the apparatus may further include an identifier acquisition unit for
acquiring preamble identifiers corresponding to the preamble start position values if the
peak value has been detected.

[0015] Preferably, the apparatus may further include a distance acquisition unit for
acquiring a distance to a base station using a difference between a corresponding
preamble start position value and a peak position value.

[0016] Preferably, the comparison unit may generate the preamble start position values
allocated to random access preamble sequences calculated using the root indices.

[0017] Preferably, the generation unit may be configured to, before storage of preamble
data in a buffer is completed, calculate random access preamble sequences using the root
indices, and if storage of the preamble data in the buffer has been completed, receive the
channel delay profile generation input signal from the buffer.

[0018] Preferably, the generation unit may convert an index corresponding to the
channel delay profile data and then generate the channel delay profile index.

[0019] Preferably, the generation unit may proportionally convert the index
corresponding to the channel delay profile data into a value ranging from 0 to 838, and
then generate the channel delay profile index.

[0020] In accordance with another aspect of the present invention to accomplish the
above objects, there is provided a method of detecting a Long Term Evolution (LTE)
uplink random access preamble based on parallel processing, including calculating a
random access preamble sequence using a root index and generating channel delay
profile data using the random access preamble sequence and a channel delay profile
generation input signal; generating a preamble start position value corresponding to the
root index and comparing the preamble start position value with a channel delay profile
index; and detecting a peak value of the channel delay profile data if the preamble start
position value is identical to the channel delay profile index.

[0021] Preferably, generating the channel delay profile data may be configured to



process generation of pieces of channel delay profile data respectively corresponding to
a plurality of root indices in parallel.

[0022] Preferably, comparing the preamble start position value with the channel delay
profile index may be configured to additionally generate preamble start position values
respectively corresponding to the root indices in consideration of a shift of the peak
value in the random access preamble sequence due to Doppler effect.

[0023] Preferably, detecting the peak value of the channel delay profile data may be
configured to, if each preamble start position value is identical to the channel delay
profile index, accumulate pieces of channel delay profile data in preamble sections
including preamble start position values for respective root indices, and detect a peak
value of the accumulated channel delay profile data

[0024] Preferably, the method may further include acquiring preamble identifiers
corresponding to the preamble start position values if the peak value has been detected.
[0025] Preferably, the method may further include acquiring a distance to a base station
using a difference between a corresponding preamble start position value and a peak
position value.

[0026] Preferably, comparing the preamble start position value with the channel delay
profile index may be configured to generate the preamble start position values allocated
to random access preamble sequences calculated using the root indices.

[0027] Preferably, generating the channel delay profile data may be configured to,
before storage of preamble data in a buffer is completed, calculate random access
preamble sequences using the root indices, and if storage of the preamble data in the
buffer has been completed, receive the channel delay profile generation input signal
from the buffer.

[0028] Preferably, generating the channel delay profile data may be configured to
convert an index corresponding to the channel delay profile data and then generate the
channel delay profile index.

[0029] Preferably, generating the channel delay profile data may be configured to
proportionally convert the index corresponding to the channel delay profile data into a
value ranging from 0 to 838, and then generate the channel delay profile index.



BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other objects, features and advantages of the present invention
will be more clearly understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:

[0031] FIG. 1 is a block diagram showing an example of an apparatus for detecting an
LTE uplink random access preamble based on parallel processing according to an
embodiment of the present invention;

[0032] FIG. 2 is a diagram showing an example of a system to which the apparatus for
detecting an LTE uplink random access preamble based on parallel processing according
to the present invention is applied;

[0033] FIG. 3 is a diagram showing an example of parallel processing according to the
present invention;

[0034] FIG. 4 is a diagram showing an example of channel delay profile data according
to the present invention; and

[0035] FIG. 5 is an operation flowchart showing an example of a method of detecting an
LTE uplink random access preamble based on parallel processing according to an

embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0036] The present invention will be described in detail below with reference to the
accompanying drawings. In the following description, redundant descriptions and
detailed descriptions of known functions and elements that may unnecessarily make the
gist of the present invention obscure will be omitted. Embodiments of the present
invention are provided to fully describe the present invention to those having ordinary
knowledge in the art to which the present invention pertains. Accordingly, in the
drawings, the shapes and sizes of elements may be exaggerated for the sake of clearer
description.

[0037] Hereinafter, preferred embodiments of the present invention will be described in
detail with reference to the attached drawings.

[0038] FIG. 1 is a block diagram showing an example of an apparatus for detecting a



Long Term Evolution (LTE) uplink random access preamble based on parallel
processing according to an embodiment of the present invention.

[0039] Referring to FIG. 1, the LTE uplink random access preamble detection apparatus
based on parallel processing according to the embodiment of the present invention
includes a generation unit 110, a comparison unit 120, and a detection unit 130.

[0040] The generation unit 110 calculates a random access preamble sequence using a
root index, and generates channel delay profile data using the random access preamble
sequence and a channel delay profile generation input signal.

[0041] In this case, the value of the root index may be a value preset by a base station.
[0042] The root index may include a plurality of root indices.

[0043] Here, a single random access preamble sequence, a single channel delay profile
generation input signal, and a single piece of channel delay profile data may correspond
to a single root index.

[0044] For example, the generation unit 110 may calculate a first random access
preamble sequence using a first root index q;, and may generate first channel delay
profile data by additionally using a first channel delay profile generation input signal.
[0045] In this case, the generation unit 110 may generate random access preamble
sequences respectively corresponding to a plurality of root indices using the root indices
s0 as to include a plurality of random access preambles in the random access preamble
sequences.

[0046] The length of each random access preamble sequence may be 839.

[0047] The random access preamble sequence may be a Zadoff-Chu sequence.

[0048] Here, the generation unit 110 may calculate random access preamble sequences
using root indices before the storage of the preamble data in the buffer is completed and
may receive a channel delay profile generation input signal from the buffer if the storage
of the preamble data in the buffer has been completed.

[0049] For example, the generation unit 110 may calculate the first random access
preamble sequence using the first root index q; before the storage of preamble data in
the buffer is completed, and may receive a first channel delay profile generation input
signal qpi, from the buffer and generate first channel delay profile data q;ou if the
storage of the preamble data in the buffer has been completed.

[0050] In this case, the generation unit 110 may process in parallel the generation of



picces of channel delay profile data qjou t0 Quouwt respectively corresponding to the
plurality of root indices q; to qp.

[0051] The generation unit 110 may process, in a pipeline manner, the generation of
pieces of channel delay profile data qjou tO qnouw respectively corresponding to the
plurality of root indices q; to qy.

[0052] For example, the generation unit 110 may process in parallel the generation of
the first channel delay profile data q; o corresponding to the first root index q; and the
generation of second channel delay profile data g corresponding to a second root
index qs.

[0053] In this way, the output of second channel delay profile data qoou starts
subsequently to the termination of the output of the first channel delay profile data q; out
due to the parallel processing of the generation unit 110, so that the delay time other than
the time TpipelineDelay required to generate the first channel delay profile data may be
reduced.

[0054] In this case, the time Ngpy required to detect the peak value of the channel delay
profile data may be the time required to perform a Fast Fourier Transform (FFT) on the
channel delay profile data.

[0055] The preamble data may be data in which a Cyclic Prefix (CP) part is eliminated
from an uplink signal.

[0056] Further, the preamble data may be obtained by extracting a frequency interval
including a random access preamble from a time interval (Physical Random Access
Channel: PRACH subframe) signal agreed upon between the base station and the
terminal by using a demultiplexer.

[0057] Furthermore, the preamble data may be obtained by performing a FFT.

[0058] Furthermore, the preamble data may be obtained by performing Orthogonal
Frequency Division Multiplexing (OFDM) demodulation.

[0059] Furthermore, the preamble data may be data of a frequency domain.

[0060] In this case, the generation unit 110 may convert an index corresponding to
channel delay profile data and generate a channel delay profile index.

[0061] In this case, the index corresponding to the channel delay profile data may
correspond to a value ranging from 0 to N.

[0062] In this case, the generation unit 110 may proportionally convert an index



corresponding to the channel delay profile data into a value ranging from 0 to 838, and
then generate the channel delay profile index.

[0063] The comparison unit 120 may generate a preamble start position value
corresponding to a root index and compare the preamble start position value with the
channel delay profile index.

[0064] In this case, the comparison unit 120 may additionally generate preamble start
position values respectively corresponding to root indices in consideration of the shift of
the peak value in the random access preamble sequence due to the Doppler effect.

[0065] For example, the comparison unit 120 may additionally generate preamble start
position values on the left and right sides of the existing preamble start position value in
consideration of the shift of the peak value in the random access preamble sequence due
to the Doppler effect.

[0066] In this way, the comparison unit 120 may generate three preamble start position
values corresponding to a single root index in consideration of the shift of the peak value
in the random access preamble sequence due to the Doppler effect.

[0067] Further, the comparison unit 120 may generate the preamble start position value
allocated to the random access preamble sequence calculated using the root index.

[0068] The detection unit 130 detects the peak value of channel delay profile data when
the preamble start position value is identical to the channel delay profile index.

[0069] In this case, the detection unit 130 may detect the peak value of the channel delay
profile data in a preamble section including the preamble start position value if the
preamble start position value is identical to the channel delay profile index.

[0070] For example, the detection unit 130 may be configured to, if the preamble start
position value is 0 and the channel delay profile index is 0, and then the two values are
identical to each other, detect the peak value of channel delay profile data in a preamble
section including the preamble start position value of 0.

[0071] In this case, the detection unit 130 may be configured to, if the preamble start
position value and the channel delay profile index are identical to each other, accumulate
picces of channel delay profile data in preamble sections including preamble start
position values for respective root indices, and detect the peak value of the accumulated
channel delay profile data.

[0072] The length of the preamble section may be a value preset by the base station.



[0073] In this case, the detection unit 130 may be configured to, when the preamble start
position value corresponds to a restricted set in which the Doppler effect is considered,
accumulate pieces of channel delay profile data in preamble sections including the
preamble start position values for respective root indices, and detect the peak value of
the accumulated channel delay profile data.

[0074] In this case, the detection unit 130 gradually increases the channel delay profile
index from 0 and then makes the channel delay profile index identical to the preamble
start position value.

[0075] For example, referring to FIG. 4, the detection unit 130 is configured to, if the
preamble start position values are C,. 411, C, 412, and C,; 413, gradually increase the
channel delay profile index from 0, store the channel delay profile data 431 of a
preamble section 421 including C,. 411 when the channel delay profile index is Cy. 411,
add the channel delay profile data 432 of a preamble section 422 including C, 412 to the
data 431 and store accumulated data when the channel delay profile index is C, 412, and
additionally add the channel delay profile data 433 of a preamble section 423 including
Cy+ 413 to the accumulated data of the data 431 and the data 432, and detect the peak
value of resulting data 435 when the channel delay profile index is Cyi 413.

[0076] In this case, the pieces of channel delay profile data 431 and 432 may be stored
in a memory block.

[0077] Meanwhile, the detection unit 130 may be configured to, when the preamble start
position value corresponds to an unrestricted set in which the Doppler effect is not
considered, detect the peak value of channel delay profile data in a preamble section
including the preamble start position value.

[0078] In this way, the detection unit 130 may accumulate pieces of channel delay
profile data processed in parallel, and then promptly obtain accumulated channel delay
profile data.

[0079] As described above, the detection unit 130 may reduce the influence of the shift
of a peak value in a random access preamble sequence due to the Doppler effect by
accumulating pieces of channel delay profile data for respective root indices.

[0080] In this case, the LTE uplink random access preamble detection apparatus based
on parallel processing according to the embodiment of the present invention may further

include an identifier acquisition unit for acquiring preamble identifiers corresponding to
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preamble start position values when peak values are detected.

[0081] In this case, the number of preamble identifiers may be 64.

[0082] For example, the identifier acquisition unit may acquire a preamble identifier
corresponding to the preamble start position value 412 of the preamble section 422 in
which the peak value is detected.

[0083] In this case, the LTE uplink random access preamble detection apparatus based
on parallel processing according to the embodiment of the present invention may further
include a distance acquisition unit for acquiring a distance to the base station using a
difference between the preamble start position value and a peak position value if the
peak value has been detected.

[0084] For example, the distance acquisition unit may acquire the distance to the base
station using a difference between the preamble start position value 412 and the peak
position value 415 of the preamble section 422 in which the peak value is detected.
[0085] FIG. 2 is a diagram showing an example of a system to which the apparatus for
detecting an LTE uplink random access preamble based on parallel processing according
to the present invention is applied.

[0086] Referring to FIG. 2, the system to which the LTE uplink random access preamble
detection apparatus based on parallel processing according to the present invention is
applied includes an LTE uplink random access preamble detection apparatus 210 and a
buffer 220.

[0087] The preamble detection apparatus 210 includes a generation unit 110 for
calculating a random access preamble sequence using a root index and generating
channel delay profile data using the random access preamble sequence and a channel
delay profile generation input signal; a comparison unit 120 for generating a preamble
start position value corresponding to the root index and comparing the preamble start
position value with a channel delay profile index; and a detection unit 130 for detecting
the peak value of the channel delay profile data if the preamble start position value is
identical to the channel delay profile index.

[0088] The buffer 220 receives and stores the preamble data.

[0089] In this case, the buffer 220 transmits the channel delay profile generation input
signal to the generation unit 110 if the storage of the preamble data has been completed.

[0090] For example, the buffer 220 may transmit a first channel delay profile generation
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input signal q;;, to the generation unit 110 if the storage of the preamble data has been
completed.

[0091] The generation unit 110 may calculate the random access preamble sequences
using the root indices before the storage of preamble data in the buffer 220 is completed
and may receive the channel delay profile generation input signal from the buffer if the
storage of the preamble data in the buffer has been completed.

[0092] For example, before the storage of the preamble data in the buffer is completed,
the generation unit 110 calculates a first random access preamble sequence using a first
root index q, and may receive a first channel delay profile generation input signal qj ia
from the buffer and generate first channel delay profile data q; ou in response to the first
channel delay profile generation input signal if the storage of the preamble data in the
buffer has been completed.

[0093] In this case, if the generation of the channel delay profile data has been
completed, the generation unit 110 may convert an index corresponding to the channel
delay profile data and generate a channel delay profile index.

[0094] If the generation of the channel delay profile data has been completed, the
generation unit 110 may transfer the channel delay profile index to the comparison unit
120.

[0095] Further, if the generation of the channel delay profile data has been completed,
the generation unit 110 may transfer the channel delay profile data to the detection unit
130.

[0096] In this case, the comparison unit 120 generates a preamble start position value
corresponding to the root index and compares the preamble start position value with the
channel delay profile index.

[0097] The comparison unit 120 may additionally generate preamble start position
values corresponding to respective root indices in consideration of the shift of the peak
value in the random access preamble sequence due to the Doppler effect.

[0098] In this case, the comparison unit 120 may transfer information about whether the
preamble start position value is identical to the channel delay profile index to the
detection unit 130.

[0099] If the preamble start position value is identical to the channel delay profile index,
the detection unit 130 detects the peak value of the channel delay profile data.
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[00100] If the preamble start position value is identical to the channel delay
profile index, the detection unit 130 may accumulate pieces of channel delay profile data
in preamble sections including preamble start position values for respective root indices
and detect the peak value of the accumulated channel delay profile data.

[00101] In this way, in the system to which the LTE uplink random access
preamble detection apparatus based on parallel processing according to the present
invention is applied, the preamble detection apparatus 210 is configured such that, when
the buffer 220 receives and stores preamble data and transmits a channel delay profile
generation input signal to the preamble detection apparatus 210, the generation unit 110
of the preamble detection apparatus 210 calculates a random access preamble sequence
using a root index and generates channel delay profile data using the random access
preamble sequence and the channel delay profile generation input signal; the comparison
unit 120 generates a preamble start position value corresponding to the root index and
compares the preamble start position value with a channel delay profile index; and the
detection unit 130 detects the peak value of the channel delay profile data if the
preamble start position value is identical to the channel delay profile index.

[00102] FIG. 3 is a diagram showing an example of parallel processing according
to the present invention.

[00103] Referring to FIG. 3, it can be seen that parallel processing according to
the present invention is parallel processing for the generation of pieces of channel delay
profile data q; out t0 qnout respectively corresponding to a plurality of root indices q; to
Q.

[00104] In this case, it can be seen that parallel processing related to the
generation of pieces of channel delay profile data qiout tO Quout respectively
corresponding to a plurality of root indices q; to g, according to the present invention is
implemented by a pipeline processing structure.

[00105] For example, parallel processing according to the present invention is
configured to perform the generation of first channel delay profile data qiou
corresponding to the first root index q; and the generation of second channel delay
profile data q; .t corresponding to the second root index q, in parallel.

[00106] In this way, the output of the second channel delay profile data qs o Starts

subsequently to the termination of the output of the first channel delay profile data q; out
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owing to parallel processing according to the present invention, so that the delay time
other than the time TpipelineDelay required to generate the first channel delay profile data
may be reduced.

[00107] FIG. 4 is a diagram showing an example of channel delay profile data
according to an embodiment of the present invention.

[00108] Referring to FIG. 4, channel delay profile data according to the present
invention includes preamble start position values 411 to 413, preamble sections 421 to
423, and pieces of channel delay profile data 431 to 433 corresponding thereto.

[00109] In this case, it can be seen that the preamble start position values are
indicated in C,. 411, C, 412, and C,+ 413, which correspond to the case of a restricted
set in which the Doppler effect is considered.

[00110] In the case of the restricted set, pieces of channel delay profile data in the
preamble sections including preamble start position values are accumulated for
respective root indices, and the peak value of the accumulated channel delay profile data
1s detected.

[00111] In this case, as a method of accumulating pieces of channel delay profile
data in preamble sections including the preamble start position values for respective root
indices, the channel delay profile index is gradually increased from 0 and is then made
identical to the preamble start position value.

[00112] For example, this method is configured to, if the preamble start position
values are C,. 411, C, 412, and C,: 413, gradually increase the channel delay profile
index from 0, store the channel delay profile data 431 of a preamble section 421
including C,. 411 when the channel delay profile index is C,. 411, add the channel delay
profile data 432 of a preamble section 422 including C, 412 to the data 431 and store
accumulated data when the channel delay profile index is C, 412, and additionally add
the channel delay profile data 433 of a preamble section 423 including Cy+ 413 to the
accumulated data of the data 431 and the data 432, and detect the peak value of resulting
data 435 when the channel delay profile index is Cy+ 413.

[00113] In this case, the pieces of channel delay profile data 431 and 432 may be
stored in a memory block.

[00114] In this way, the influence of the shift of a peak value in a random access

preamble sequence due to the Doppler effect may be reduced by accumulating pieces of
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channel delay profile data for respective root indices.

[00115] In this case, the LTE uplink random access preamble detection apparatus
based on parallel processing according to the embodiment of the present invention may
acquire preamble identifiers corresponding to preamble start position values if the peak
value has been detected.

[00116] For example, the LTE uplink random access preamble detection
apparatus based on parallel processing according to an embodiment of the present
invention may acquire a preamble identifier corresponding to the preamble start position
value 412 of the preamble section 422 in which a peak value is detected.

[00117] Further, the LTE uplink random access preamble detection apparatus
based on parallel processing according to the embodiment of the present invention may
acquire a distance to the base station using a difference between the corresponding
preamble start position value and a peak position value if the peak value has been
detected.

[00118] For example, the LTE uplink random access preamble detection
apparatus based on parallel processing according to the embodiment of the present
invention may acquire the distance to the base station using a difference between the
preamble start position value 412 and the peak position value 415 of the preamble
section 422 in which the peak value is detected.

[00119] FIG. 5 is an operation flowchart showing an example of a method of
detecting an LTE uplink random access preamble based on parallel processing according
to an embodiment of the present invention.

[00120] Referring to FIG. 5, in the LTE uplink random access preamble detection
method based on parallel processing according to the embodiment of the present
invention, a random access preamble sequence is calculated using a root index, and
channel delay profile data is generated using the random access preamble sequence and
a channel delay profile generation input signal at step S510.

[00121] In this case, the value of the root index may be a value preset by a base
station.

[00122] The root index may include a plurality of root indices.

[00123] Here, a single random access preamble sequence, a single channel delay

profile generation input signal, and a single piece of channel delay profile data may
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correspond to a single root index.

[00124] For example, step S510 may be configured to calculate a first random
access preamble sequence using a first root index q, and to generate first channel delay
profile data by additionally using a first channel delay profile generation input signal.
[00125] In this case, step S510 may be configured to generate random access
preamble sequences respectively corresponding to a plurality of root indices using the
root indices so as to include a plurality of random access preambles in the random access

preamble sequences.

[00126] Here, the length of each random access preamble sequence may be 839.
[00127] Further, the random access preamble sequence may be a Zadoff-Chu
sequence.

[00128] Step S510 may be configured such that, before the storage of the

preamble data in a buffer is completed, random access preamble sequences are
calculated using root indices, and such that, if the storage of the preamble data in the
buffer has been completed, a channel delay profile generation input signal is received
from the buffer.

[00129] For example, step S510 may be configured such that, before the storage
of preamble data in the buffer is completed, a first random access preamble sequence
may be calculated using a first root index q;, and such that, if the storage of the preamble
data in the buffer is completed, a first channel delay profile generation input signal q; i,
is received from the buffer, and first channel delay profile data q; o, may be generated in
response to the first channel delay profile generation input signal qy .

[00130] In this case, at step S510, generation of pieces of channel delay profile
data qjout tO Qnout Tespectively corresponding to a plurality of root indices q; to q, may
be processed in parallel.

[00131] Here, at step S510, the generation of pieces of channel delay profile data
Qr.out 0 Qn.out TESpectively corresponding to the plurality of root indices q; to q, may be
processed in a pipeline manner.

[00132] For example, step S510 may be configured to process the generation of
the first channel delay profile data q; .. corresponding to the first root index q; and the
generation of the second channel delay profile data qs o corresponding to the second

root index q in parallel.
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[00133] In this way, owing to the parallel processing performed at step S510, the
output of second channel delay profile data q, oy Starts subsequently to the termination of
the output of the first channel delay profile data q;o.u due to the parallel processing of
the generation unit 110, so that the delay time other than the time TpipelineDelay required to
generate the first channel delay profile data may be reduced.

[00134] In this case, the time Ngpr required to detect the peak value of the channel
delay profile data may be the time required to perform a FFT on the channel delay
profile data.

[00135] The preamble data may be data in which a Cyclic Prefix (CP) part is
eliminated from an uplink signal.

[00136] Further, the preamble data may be obtained by extracting a frequency
interval including a random access preamble from a time interval (PRACH subframe)

signal agreed upon between the base station and the terminal by using a demultiplexer.

[00137] Furthermore, the preamble data may be obtained by performing a FFT.
[00138] Furthermore, the preamble data may be obtained by performing OFDM
demodulation.

[00139] Furthermore, the preamble data may be data of a frequency domain.
[00140] At step S510, an index corresponding to the channel delay profile data

may be converted and then a channel delay profile index may be generated.

[00141] In this case, the index corresponding to the channel delay profile data
may correspond to a value ranging from 0 to N.

[00142] At step S510, the index corresponding to the channel delay profile data
may be proportionally converted into a value ranging from 0 to 838, and then the
channel delay profile index may be generated.

[00143] Further, in the LTE uplink random access preamble detection method
based on parallel processing according to the embodiment of the present invention, a
preamble start position value corresponding to the root index is generated, and the
preamble start position value is compared with the channel delay profile index at step
S520.

[00144] In this case, step S520 may be configured to additionally generate
preamble start position values respectively corresponding to root indices in consideration

of the shift of the peak value in the random access preamble sequence due to the Doppler
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effect.

[00145] For example, step S520 may be configured to additionally generate
preamble start position values on the left and right sides of the existing preamble start
position value in consideration of the shift of the peak value in the random access
preamble sequence due to the Doppler effect.

[00146] As described above, step S520 may be configured to generate three
preamble start position values corresponding to a single root index in consideration of
the shift of the peak value in the random access preamble sequence due to the Doppler
effect.

[00147] In this case, step S520 may be configured to generate the preamble start
position values allocated to the random access preamble sequence calculated using the
root index.

[00148] Further, in the LTE uplink random access preamble detection method

based on parallel processing according to the embodiment of the present invention, if the
preamble start position value is identical to the channel delay profile index, the peak
value of the channel delay profile data is detected at step S530.

[00149] In this case, at step S530, if the preamble start position value is identical
to the channel delay profile index, the peak value of channel delay profile data in the
preamble section including the preamble start position value may be detected.

[00150] For example, at step S530, if the preamble start position value is 0 and the
channel delay profile index is 0, and then they are identical to each other, the peak value
of the channel delay profile data in the preamble section including the preamble start
position value of 0 may be detected.

[00151] In this case, step S530 is configured to, if the preamble start position
value and the channel delay profile index are identical to each other, accumulate pieces
of channel delay profile data in the preamble sections including preamble start position
values for respective root indices, and detect the peak value of accumulated channel

delay profile data.

[00152] The length of the preamble section may be a value preset by the base
station.

[00153] Step S530 may be configured to, when the preamble start position value

corresponds to a restricted set in which the Doppler effect is considered, accumulate
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picces of channel delay profile data in the preamble sections including the preamble start
position values for respective root indices, and detect the peak value of the accumulated
channel delay profile data.

[00154] In this case, at step S530, the channel delay profile index is gradually
increased from 0, and is made identical to the preamble start position value.

[00155] For example, step S530 may be configured to, if the preamble start
position values are C,. 411, C, 412, and C,- 413, gradually increase the channel delay
profile index from 0, store the channel delay profile data 431 of a preamble section 421
including C,. 411 when the channel delay profile index is C,. 411, add the channel delay
profile data 432 of a preamble section 422 including C, 412 to the data 431 and store
accumulated data when the channel delay profile index is C, 412, and additionally add
the channel delay profile data 433 of a preamble section 423 including Cy+ 413 to the
accumulated data of the data 431 and the data 432, and detect the peak value of resulting
data 435 when the channel delay profile index is C, 413.

[00156] In this case, the pieces of channel delay profile data 431 and 432 may be
stored in a memory block.

[00157] In this case, step S530 may be configured to, when the preamble start
position value corresponds to an unrestricted set in which the Doppler effect is not
considered, detect the peak value of channel delay profile data in a preamble section
including the preamble start position value.

[00158] In this way, step S530 may be configured to accumulate pieces of channel
delay profile data processed in parallel, thus promptly obtaining accumulated channel
delay profile data.

[00159] As described above, step S530 may be configured to reduce the influence
of the shift of a peak value in a random access preamble sequence due to the Doppler
effect by accumulating pieces of channel delay profile data for respective root indices.
[00160] In this case, the LTE uplink random access preamble detection method
based on parallel processing according to the embodiment of the present invention may
further include the step of, if the peak value has been detected, acquiring preamble
identifiers corresponding to preamble start position values.

[00161] In this case, the number of preamble identifiers may be 64.

[00162] For example, the step of acquiring preamble identifiers may be
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configured to acquire a preamble identifier corresponding to the preamble start position
value 412 of the preamble section 422 in which the peak value is detected.

[00163] Further, the LTE uplink random access preamble detection method based
on parallel processing according to the embodiment of the present invention may further
include the step of, if the peak value has been detected, acquiring a distance to the base
station using a difference between the preamble start position value and a peak position
value.

[00164] For example, the step of acquiring the distance to the base station may be
configured to acquire the distance to the base station using a difference between the
preamble start position value 412 and the peak position value 415 of the preamble
section 422 in which the peak value is detected.

[00165] In accordance with the present invention, an LTE uplink random access
preamble can be more rapidly detected by processing in parallel the generation of pieces
of channel delay profile data respectively corresponding to one or more root indices.
[00166] Further, the present invention can compare preamble start position values
corresponding to one root index due to the Doppler effect with a channel delay profile
index, thus more promptly canceling the influence of the Doppler effect.

[00167] Furthermore, the present invention can previously prepare for a random
access preamble sequence using a root index before the storage of preamble data in a
buffer is completed, thus more rapidly generating channel delay profile data.

[00168] As described above, in the apparatus and method for detecting an LTE
uplink random access preamble based on parallel processing according to the present
invention, the configurations and schemes in the above-described embodiments are not
limitedly applied, and some or all of the above embodiments can be selectively

combined and configured so that various modifications are possible.
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Claims

1. An apparatus for detecting a Long Term Evolution (LTE) uplink random
access preamble based on parallel processing, comprising:

a generation unit for calculating a random access preamble sequence using a root
index and generating channel delay profile data using the random access preamble
sequence and a channel delay profile generation input signal;

a comparison unit for generating a preamble start position value corresponding to
the root index and comparing the preamble start position value with a channel delay
profile index; and

a detection unit for detecting a peak value of the channel delay profile data if the

preamble start position value is identical to the channel delay profile index.

2. The apparatus of claim 1, wherein the generation unit processes generation of
picces of channel delay profile data respectively corresponding to a plurality of root

indices in parallel.

3. The apparatus of claim 2, wherein the comparison unit additionally generates
preamble start position values respectively corresponding to the root indices in
consideration of a shift of the peak value in the random access preamble sequence due to

Doppler effect.

4. The apparatus of claim 3, wherein the detection unit is configured to, if each
preamble start position value is identical to the channel delay profile index, accumulate
picces of channel delay profile data in preamble sections including preamble start
position values for respective root indices, and detect a peak value of the accumulated
channel delay profile data.

5. The apparatus of claim 4, further comprising an identifier acquisition unit for
acquiring preamble identifiers corresponding to the preamble start position values if the

peak value has been detected.
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6. The apparatus of claim 4, further comprising a distance acquisition unit for
acquiring a distance to a base station using a difference between a corresponding

preamble start position value and a peak position value.

7. The apparatus of claim 4, wherein the comparison unit generates the preamble
start position values allocated to random access preamble sequences calculated using the

root indices.

8. The apparatus of claim 4, wherein the generation unit is configured to,

before storage of preamble data in a buffer is completed, calculate random access
preamble sequences using the root indices, and

if storage of the preamble data in the buffer has been completed, receive the

channel delay profile generation input signal from the buffer.

9. The apparatus of claim 3, wherein the generation unit converts an index
corresponding to the channel delay profile data and then generates the channel delay

profile index.

10. The apparatus of claim 9, wherein the generation unit proportionally converts
the index corresponding to the channel delay profile data into a value ranging from 0 to

838, and then generates the channel delay profile index.

11. A method of detecting a Long Term Evolution (LTE) uplink random access
preamble based on parallel processing, comprising:

calculating a random access preamble sequence using a root index and
generating channel delay profile data using the random access preamble sequence and a
channel delay profile generation input signal;

generating a preamble start position value corresponding to the root index and
comparing the preamble start position value with a channel delay profile index; and

detecting a peak value of the channel delay profile data if the preamble start

position value is identical to the channel delay profile index.
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12. The method of claim 11, wherein generating the channel delay profile data is
configured to process generation of pieces of channel delay profile data respectively

corresponding to a plurality of root indices in parallel.

13. The method of claim 12, wherein comparing the preamble start position value
with the channel delay profile index is configured to additionally generate preamble start
position values respectively corresponding to the root indices in consideration of a shift
of the peak value in the random access preamble sequence due to Doppler effect.

14. The method of claim 13, wherein detecting the peak value of the channel
delay profile data is configured to, if each preamble start position value is identical to the
channel delay profile index, accumulate pieces of channel delay profile data in preamble
sections including preamble start position values for respective root indices, and detect a
peak value of the accumulated channel delay profile data

15. The method of claim 14, further comprising acquiring preamble identifiers

corresponding to the preamble start position values if the peak value has been detected.

16. The method of claim 14, further comprising acquiring a distance to a base
station using a difference between a corresponding preamble start position value and a

peak position value.

17. The method of claim 14, wherein comparing the preamble start position value
with the channel delay profile index is configured to generate the preamble start position

values allocated to random access preamble sequences calculated using the root indices.

18. The method of claim 14, wherein generating the channel delay profile data is
configured to,

before storage of preamble data in a buffer is completed, calculate random access
preamble sequences using the root indices, and

if storage of the preamble data in the buffer has been completed, receive the

channel delay profile generation input signal from the buffer.
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19. The method of claim 13, wherein generating the channel delay profile data is
configured to convert an index corresponding to the channel delay profile data and then

generate the channel delay profile index.

20. The method of claim 19, wherein generating the channel delay profile data is
configured to proportionally convert the index corresponding to the channel delay
profile data into a value ranging from 0 to 838, and then generate the channel delay

profile index.
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