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[DESCRIPTION]

[Invention Title]
RANDOM ACCESS METHOD AND SIGNALLING METHOD FOR THE SAME

[ Technical Field]

The present invention relates to a wireless communication technology, and
more particularly to a method for generating an iterative sequence, and a method for

transmitting a signal using the creating method.

[Background Art]

Presently, a variety of uplink channels for use in a communication system
have been discussed, for example, a random access channel (RACH) for allowing a
user equipment (UE) to access a Node-B, and an uplink shared channel (e.g., HS-
DPCCH) for transmitting a channel quality indicator (CQI) and ACK/NACK
information.

The RACH channel allows the user equipment (UE) to establish downlink
synchronization with the Node-B, and can be found by information of the Node-B.
Location or other information of a corresponding channel can be recognized on the
basis of the Node-B information. The RACH channel is the only one channel to
which the user equipment (UE) unsynchronized with the Node-B gains access.

If the user equipment (UE) transmits a signal to a corresponding Node-B
over the RACH channel, the Node-B informs the user equipment (UE) of not only
correction information of an uplink signal timing point at which the user equipment
(UE) is synchronized with the Node-B, but also a variety of information capable of

enabling a corresponding UE to access the Node-B. If the user equipment (UE) is
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connected to the Node-B over the RACH channel, it may communicate with the
Node-B over other uplink channels.

FIGS. 1 and 2 are conceptual diagrams illustrating a variety of processes
encountered when the user equipment (UE) establishes an uplink communication with
the Node-B.

If the user equipment (UE) accesses the RACH channel, it can acquire both
uplink and downlink synchronizations associated with the Node-B, so that it can
access a corresponding Node-B.

FIG. 1 shows a specific state in which the user equipment (UE) is powered
on and is firstly connected to the Node-B. FIG. 2 shows another state, in which the
user equipment (UE) is unsynchronized with the Node-B after establishing
synchronization with the Node-B, or it must request uplink resources from the Node-B
after establishing synchronization with the Node-B (i.e., it requests resources for
uplink transmission data).

As shown in step (1) of FIGS. 1 and 2, the user equipment (UE) transmits an
access preamble to the Node-B. If required, the user equipment (UE) may further
transmit a message to the Node-B. Therefore, the Node-B recognizes why the
corresponding user equipment (UE) accesses the RACH channel, so that it can
conduct a necessary process corresponding to the recognized reason.

In the case of the initial access shown in FIG. 1, the Node-B assigns timing
information and uplink data resources to a corresponding user equipment (UE), so that
the user equipment (UE) can transmit uplink data as shown in step (4) of FIG. 1.

In the meantime, the exemplary case of FIG. 2 indicates that the user

equipment (UE) accesses the RACH channel due to a scheduling request.
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Referring to FIG. 2, the Node-B assigns timing information and resources
for the scheduling request (SR) at step (2). The Node-B receives the scheduling
request (SR) from the user equipment (UE) at step (3), and assigns uplink data
resources to the user equipment (UE) at step (4), so that the user equipment (UE) can
transmit uplink data to the Node-B at step (5).

If the user equipment (UE) accesses the RACH channel using the case of
FIG. 2 instead of the initial access of FIG. 1, it is determined whether the signal
transmitted to the RACH channel has been synchronized with the Node-B, so that the
user equipment (UE) may transmit different signals according to the determined result.

FIG. 3 is a configuration diagram illustrating a RACH signal structure used
for a synchronization access and a non-synchronization access.

In the case of the synchronization access, the user equipment (UE) accesses
the RACH channel on the condition that it has been synchronized with the Node-B
and have continuously maintained the synchronization with the Node-B.

In this case, it should be noted that the synchronization between the user
equipment (UE) and the Node-B can be maintained by either a downlink signal or
control information (e.g., a CQ pilot) delivered to an uplink. The Node-B can easily
recognize the signal contained in the RACH channel. And, because the
synchronization between the user equipment (UE) and the Node-B has been
maintained, the user equipment (UE) may use a longer sequence shown in an upper
part of FIG. 3, or may transmit additional data to the Node-B.

In the case of the non-synchronization access, if a non-synchronization state
between the user equipment (UE) and the Node-B is provided while the user

equipment (UE) accesses the Node-B, a guard time shown in a lower part of FIG. 3
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must be established while the user equipment (UE) accesses the RACH channel. The
guard time is established and determined in consideration of a maximum round-trip
delay which can be owned by the user equipment (UE) which desires to receive any
service from the Node-B.

Besides the above-mentioned synchronization and non-synchronization
accesses, ‘;he RACH channel must satisfy different requirements according to
locations of the UE within a cell (hereinafter referred to as UE’s in-cell locations).

FIG. 4 is a conceptual diagram illustrating different requirements according
to UE’s location within a cell.

Referring to FIG. 4, an edge area of a cell supported by a Node-B is
determined to be “R3”, a UE existing in the R3 area is determined to be “UE3”, a
specific area existing in an intermediate part of a cell is determined to be “R2”, a UE
existing in the R2 area is determined to be “UE2”, a specific area close to the Node-B
is determined to be “R1”, and a UE existing in the R1 area is determined to be “UE1”.

Detailed descriptions of the above-mentioned cases are shown in FIG. 4.

Referring to FIG. 4, a path loss of the UE1 is denoted byL’p, a path loss of
the UE2 is denoted by I?, and a path loss of the UE3 is denoted by L. A round-
trip delay (RTD) of the UE1 is denoted by 2z}, a round-trip delay (RTD) of the UE2 is
denoted by 2¢2, and a round-trip delay (RTD) of the UE3 is denoted by 2z

In this case, 2¢ indicates that the RTD is double the delay value of ¢,
consumed for one-way transmission, 2¢; indicates that the RTD is double the delay
value of 2 consumed for one-way transmission, and 2#) indicates that the RTD is

double the delay value of #, consumed for one-way transmission.
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Generally, the longer the distance, the higher the path loss, resulting in Llp<
LI < L and 28, < 2t; < 2t3.

Therefore, the lengths G,, G-, and G, of individual guard intervals
required according to in-cell locations of UE1, UE2, and UE3 are denoted by G, <
G2< G;. The expansion coefficients §,, S7,and S} of sequences to be applied
to the channel are denoted by S; < S; < S;.

In other words, compared with the UE1, the UE3 must access the RACH
channel with a sequence having both a longer RACH and a higher expansion
coefficient in order to acquire the same performance as that of the UE1 which accesses
the RACH channel with both a shorter RACH and a lower expansion coefficient.

The UE1 uses the RACH channel assigned by the Node-B. However, if a
cell radius is very long, the RACH size is designed to be appropriate for a
predetermined condition for supporting an edge UE (e.g., UE3) of the cell.

Therefore, if any UE such as the UE1 is located close to the Node-B, the UE
need not use the long RACH. The case of FIG. 4 indicates that a time length of the
UE1’s RACH is longer than that of the UE3’s RACH and a bandwidth of the UE1’s
RACH is wider than that of the UE3’s RACH.

The above-mentioned method, which satisfies different conditions required
for the RACH channel according to the UE’s location within a cell to effectively
perform the RACH communication, and implements effective communication by
defining the RACH length/width and sequence in different ways to implement
effective communication, has been disclosed in Korean Patent Application No. 2006-

74764 filed by the same applicant as the present invention, entitled “METHOD FOR
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TRANSMITTING/RECEIVING SIGNAL IN COMMUNICATION SYSTEM?”, and
Korean Patent Application No. 2006-92835 filed by the same applicant, entitled
“RANDOM ACCESS CHANNEL FOR SEGMENTED ACCESS, SEQUENCE, AND
METHOD AND APPARATUS FOR TRANSMITTING SIGNAL USING THE
SAME”.

And, another method, which requires RACH access reasons different in
UE’s locations within a cell, and differently allocates the RACH sequence used for
each area within the cell according to the relationship between the RACH sequence
and another sequence used for a neighboring cell, has been disclosed in Korean Patent
Application No. 2006-87290 filed by the same applicant as the present invention,
entitled “SEQUENCE SET FOR RANDOM ACCESS CHANNEL, AND METHOD
FOR DEFINING THE SEQUENCE SET, AND METHOD AND APPARATUS FOR
TRANSMITTING SIGNAL USING THE SEQUENCE SET”, and Korean Patent
Application No. 2006-92836 filed by the same applicant, entitled “SEQUENCE
ALLOCATION METHOD, AND METHOD AND APPARATUS FOR
TRANSMITTING SIGNAL USING THE ALLOCATED SEQUENCE”.

The above-mentioned methods can effectively use resources according to
the UE’s location within a cell, and can access the RACH channel. If different
sequences are allocated to individual areas, the above-mentioned methods can reduce
the possibility of generating a RACH collision caused by the same sequence, and can
increase the number of random access opportunities of each UE.

In order to allow the user equipment (UE) to access the RACH, the user
equipment (UE) must select/transmit predetermined signals. The best sequence from

among the predetermined signals is a Constant Amplitude Zero Auto-Correlation
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(CAZAC) sequence. The CAZAC sequence has superior power-derating
characteristics, and can easily make an orthogonal sequence set using a circular shift
(CS).

In this case, a correlation value between the CAZAC sequences to which
different circular shifts (CSs) are applied is set to “0”. The orthogonal sequence set
is indicative of the set of sequences, each of which has the corresponding value of “0”.

In association with the above-mentioned description, the degree of CS
available in the same CAZAC sequence is defined by a zero-correlation zone (ZCZ).
The ZCZ width is determined within a predetermined range in which a reception end
has no difficulty in distinguishing the CAZAC sequences.

Besides the above-mentioned advantages, the CAZAC sequences have a
very low cross-correlation value between random sequences, so that they can be
distinguished from each other.

The 3GPP LTE has defined that the above-mentioned CAZAC sequences
can be applied to the RACH, and has assumed that the CAZAC sequences can be
repeatedly extended according to the cell sizes.

In other words, a given basic sequence is firstly designed to be suitable for a
given RACH length. If a longer spreading gain is required, the basic sequence may
be repeatedly used.

However, if the sequence is repeatedly used, the 3GPP LTE does not define
how to extend each basic sequence. Therefore, if the sequence is extended in the
form of an iterative sequence, the 3GPP LTE has difficulty in determining whether or
not to repeat the CP along with the preamble, and also has difficulty in determining

how to set the number of iterations. In addition, the 3GPP LTE has difficulty in
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determining the length of CP or ZCZ contained in the sequence, and has no solution of

how to decide a signal transmission method.

[Disclosure]
[ Technical Problem}

5 Accordingly, the present invention is directed to a random access method and
a signaling method for the same that substantially obviate one or more problems due to
limitations and disadvantages of the related art.

An object of the present invention is to provide a method for generating an
iterative sequence to define consideration items including the repetition of a CP, the

10  number of iterative CPs, and the length of CP and/or ZCZ.

Another object of the present invention is to provide a method for recognizing
a category of information required for signal transmission using the extended sequence,
acquiring the category information, and generating an effective sequence using the
acquired information.

15 Additional advantages, objects, and features of the invention will be set forth
in part in the description which follows and in part will become apparent to those
having ordinary skill in the art upon examination of the following or may be learned
from practice of the invention. The objectives and other advantages of the invention
may be realized and attained by the structure particularly pointed out in the written

20 description and claims hereof as well as the appended drawings.

[ Technical Solution]

To achieve these objects and other advantages and in accordance with the
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purpose of the invention, as embodied and broadly drescribed herein, a method for
allowing a user equipment (UE) to establish a random access with a Node-B
comprising: selecting a predetermined sequence from a sequence set including a
plurality of sequences distinguishable by at least one of a sequence index and a circular
shift (CS) degree; and transmitting the selected sequence fo the Node-B over a
predetermined channel for the random access, wherein the sequence set’s unit length to
which the circular shift (CS) is applied is differently determined in proportion to a cell
size.

Preferably, before performing the sequence selecting step, the method further
comprises receiving at least one of information of the unit length to which the circular
shift (CS) is applied and information of the sequence index from the Node-B.

Preferably, the information received from the Node-B is received over a
broadcast channel (BCH).

Preferably, the sequence selecting step includes allowing the user equipment
(UE) to select the sequence according to the information received from the Node-B.

Preferably, the length of a cyclic prefix (CP) in the sequence set is differently
determined in proportion to the cell size.

Preferably, the method further comprises, before performing the sequence
selecting step, receiving at least one of information of the unit length to which the
circular shift (CS) is applied, information of the sequence index, and information of the
cyclic prefix from the Node-B.

Preferably, the sequence set additionally and differently determines the unit
length to which the circular shift (CS) is applied in proportion to a distance between the

user equipment (UE) and the Node-B.
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Preferably, the unit length to which the circular shift (CS) is applied is
determined in consideration of a round trip delay (RTD) proportional to the cell size.

Preferably, the sequences distinguishable by at least one of the sequence index
and the circular shift (CS) degree is a Constant Amplitude Zero Auto-Correlation
(CAZAC) sequence.

In another aspect of the present invention, there is provided a method for
allowing a user equipment (UE) to establish a random access with a Node-B
comprising: selecting a predetermined sequence from a sequence set including a
plurality of sequences distinguishable by at least one of a sequence index and a circular
shift (CS) degree; and transmitting the selected sequence to the Node-B over a
predetermined channel for the random access, wherein the sequence set’s unit length to
which the circular shift (CS) applied is constant irrespective of a cell size, and an
available sequence is differently determined according to the cell size.

In yet another aspect of the present invention, there is provided a method for
allowing a Node-B to perform a signaling process for a random access of at least one
user equipment (UE), the method comprising: performing the random access of the at
least one user equipment (UE) by transmitting predetermined sequences distinguishable
by at least one of a sequence index and a circular shift (CS) degree; and transmitting at
least one of information of the unit length to which the circular shift (CS) applied and
information of the sequence index to the at least one user equipment (UE).

In yet another aspect of the present invention, there is provided A method for
generating a sequence in a user equipment (UE) comprising: selecting a basic sequence;
and repeating the basic sequence in proportion to a larger cell size, and extending the

basic sequence, wherein a cyclic prefix (CP) of the basic sequence in the extending step
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is repeated at least one time so that the basip sequence is extended.

In yet another aspect of the present invention, there is provided a method for
generating a sequence in a user equipment (UE) comprising: selecting a basic sequence;
and repeating the basic sequence in proportion to a longer distance to a Node-B, and
extending the basic sequence, wherein a cyclic prefix (CP) of the basic sequence in the
extending step is repeated at least one time so that the basic sequence is extended.

Preferably, the number of repetitions of the cyclic prefix (CP) is equal to the
number of repetitions of the basic sequences.

Preferably, the number of repetitions of the cyclic prefix (CP) is selected
according to a detection performance of the generated sequence.

Preferably, the basic sequence is selected from a sequence set properly
selected according to the cell size in several sequence sets which change a zero-
correlation-zone (ZCZ) length in proportion to the cell size.

Preferably, the basic sequence is selected from a sequence set having a fixed
zero-correlation-zone (ZCZ) length irrespective of the cell size, and is selected from
only some sequences having been selected according to a circular shift (CS) degree.

Preferably, the selected sequences can be distinguished from each other
according to a circular shift (CS) degree applied to the selected sequences during when
a Node-B performs sequence detection.

Preferably, the basic sequence is selected from a sequence set properly
selected according to the cell size in several sequence sets which change a cyclic prefix
(CP) length in proportion to the cell size.

It is to be understood that both the foregoing general description and the

following detailed description of the present invention are exemplary and explanatory
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and are intended to provide further explanation of the invention as claimed.

[ Advantageous Effects]

The present invention defines a detailed method for repeating the sequence
according to the cell size or the increasing distance between the UE and the Node-B, so
that the Node-B receiving the RACH signal can easily decide a timing point. Also, the
present invention defines how to set the lengths of CP and ZCZ according to the cell
size, so that it can maintain orthogonality and solve the difficulty in distinguishing
sequences.

If the ZCZ length is changed to another length according to the cell size, the
present invention can use many more sequences. If the CP length and the ZCZ length
are properly combined with each other, the present invention can reduce the number of

signaling times of the Node-B.

[Description of Drawings]

The accompanying drawings, which are included to provide a further
understanding of the invention, illustrate embodiments of the invention and together
with the description serve to explain the principle of the invention.

In the drawings:

FIGS. 1 and 2 are conceptual diagrams illustrating a variety of processes
encountered when the user equipment (UE) establishes an uplink communication with
the Node-B;

FIG. 3 is a configuration diagram illustrating a RACH signal structure used

for a synchronization access and a non-synchronization access;
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FIG. 4 is a conceptual diagram illustrating different requirements according
to UE’s location within a cell;

FIG 5 is a configuration diagram illustrating a basic RACH structure
according to an embodiment of the present invention;

FIG. 6 is a configuration diagram illustrating an exemplary structure in which
only a preamble is repeated when the RACH length is double the basic length according
to an embodiment of the present invention;

FIG. 7 is a configuration diagram illustrating an exemplary structure in which
a preamble and a CP are repeated when the RACH length is double the basic length
according to an embodiment of the present invention;

FIG. 8 is a conceptual diagram illustrating the number of iterations of the
preamble and the CP when the RACH length is equal to a length corresponding to
predetermined number of times the basic length according to an embodiment of the
present invention;

FIG 9 is a conceptual diagram illustrating the relationship between a round-
trip delay (RTD) and the circular shift (CS) length applied to the sequence according to
an embodiment of the present invention;

FIG 10 is a conceptual diagram illustrating a method for maintaining a
detection performance by selecting the ZCZ sequence on the condition that the cell is
larger than a cell acquired when the ZCZ sequence is designed according to the present
invention;

FIG. 11 shows a plurality of sequence sets for’ changing the CP length
according to the cell size according to the present invention;

FIG 12 shows a plurality of sequence sets for changing the ZCZ length
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according to the cell size according to the present invention;

FIG. 13 shows a plurality of sequence sets for changing the CP length
according to the cell size and other sequence sets for changing the ZCZ length
according to the present invention; and

FIG. 14 shows a plurality of sequence sets for simultaneously establishing the
CP length and the ZCZ length according to the cell size according to the present

invention.

[Best Mode]

Reference will now be made in detail to the preferred embodiments of the
present invention, examples of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers will be used throughout the drawings to
refer to the same or like parts.

Prior to describing the present invention, it should be noted that most terms
disclosed in the present invention correspond to general terms well known in the art, but
some terms have been selected by the applicant as necessary and will hereinafter be
disclosed in the following description of the present invention. Therefore, it is
preferable that the terms defined by the applicant be understood on the basis of their
meanings in the present invention.

Although the present invention will intensively disclose a method for
extending a sequence in the form of an iterative sequence according to the larger cell
size and at the same time increasing the CP length and/or the ZCZ length according to
the larger cell size, it will be obvious to those skilled in the art that the scope of the

present invention is not limited to the above-mentioned method, and can also be applied
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to another method associated with the longer distance between the user equipment (UE)
and the Node-B.

For the convenience of description and better understanding of the present
invention, general structures and devices well known in the art will be omitted or be
denoted by a block diagram. = Wherever possible, the same reference numbers will be
used throughout the drawings to refer to the same or like parts.

FIG 5 is a configuration diagram illustrating a basic RACH structure
according to an embodiment of the present invention.

Referring to FIG. 5, “CP” is indicative of a cyclic prefix, and “Preamble” is
indicative of a specific part in which a sequence (e.g., CAZAC sequence) to be used for
accessing the RACH channel is inserted after having been generated in a time or
frequency space. The remaining part other than the CP and preamble parts in a total
length of the RACH is a guard time.

The method for extending the sequence in the form of an iterative sequence is
generically named a method for repeating (or iterating) the preamble part.

If the sequence is repeated, not only unique characteristics (i.e., length or
correlation characteristics) of the sequence but also the variation in cell size should be
considered.  If the cell size is changed to another size, the round trip delay (RTD)
value and the delay spread are also changed to others, so that they have a negative
influence upon the sequence design.

Next, a variety of methods available when the RACH length is doubled will
hereinafter be described in detail.

However, it should be noted that the above-mentioned example in which the

RACH length is doubled will be disclosed for only illustrative purposes, and can also be
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applied to other examples in which the RACH length corresponds to predetermined
times of a basic length.

FIG. 6 is a configuration diagram illustrating an exemplary structure in which
only a preamble is repeated when the RACH length is double the basic length according
to an embodiment of the present invention.

Referring to FIG. 6, the CP and preamble lengths of FIG. 6 are equal to the
RACH basic structure, but it should be noted that only the preamble part is repeated to
generate the RACH signal, differently from the RACH basic structure. This method
allows the user equipment (UE) to simply and repeatedly transmit the once-generated
preamble without performing additional operations, so that no additional complexity
occurs in the UE.  Also, the Node-B indicates only the RACH length without
performing any other operations, so that the amouat of signaling information is reduced.

If the RACH is repeated, each of the CP interval and the guard time interval is
doubled, so that a spare or redundant space other than the CP and guard time lengths to
be actually used remains.

The redundant space may be used as an additional guard time. Otherwise, if
the RACH length is increased N times, and the redundant space has enough length to
include the preamble, the preamble is additionally repeated and transmitted, so that a
detection performance may be improved.  The guard time has enough length to be
adjusted, so that it can be properly adjusted. In other words, an additional preamble
may be inserted in the RACH by adjusting the length of the guard time.

As shown in FIG. 6, if only the preamble part is repeated and the CP part is
not repeated while the interference is created, the Node-B may have difficulty in

detecting a starting point of the RACH signal. For example, if the Node-B detects the
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RACH signal of FIG. 6 using an auto-correlation method and acquires a desired timing
point, the auto-correlation interval is equal to the preamble length, so that the Node-B
may incorrectly detect the auto-correlation value by a specific value equal to a location
corresponding to the CP length.

According to the above-mentioned timing detection method based on the
auto-correlation, if the RACH signal experiences the delay spreading during the
transmission process, the detection performance may be gradually deteriorated in
proportion to the degree of the delay spreading. In addition, although the Node-B
detects the sequence in a frequency area to prevent the delay spreading from being
generated, the inaccuracy or ambiguity corresponding to the CP length may unavoidably
occur.

FIG. 7 is a configuration diagram iltustrating an exemplary structure in which
a preamble and a CP are repeated when the RACH length is double the basic length
according to an embodiment of the present invention.

Referring to FIG. 7, the embodiment of FIG. 7 shows an exemplary case in
which the CP is also repeated while the iterative sequence is generated, differently from
FIG. 6.

The embodiment of FIG. 6 previously stated above does not repeat the CP part
while the iterative sequence is generated, so that the Node-B may have difficulty in
detecting the starting point of the RACH signal transmitted from the user equipment
(UE).

However, the embodiment of FIG. 7 has only one completely-repeated part in

the sequence, so that the Node-B can easily recognize the timing point of the RACH

signal.
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For example, provided that the Node-B detects a timing point of the RACH
signal using an auto-correlation method, the length of an established auto-correlation
zone is equal to the sum of the CP length and the preamble length. Therefore, the
Node-B can acquire a peak value at only one timing point during the auto-correlation
operation, so that it can correctly recognize the timing of the RACH signal.

Compared with FIG. 6, FIG. 7 has a smaller redundant space in the RACH
space during the generation time of the iterative sequence. If the RACH length
becomes longer in proportion to the cell size, the Node-B may have difficulty in
inserting an additional iterative sequence caused by the redundant space. However, if
the guard-time length is adjusted, it should be noted that the preamble can be
additionally repeated.

In the case of generating the iterative sequence as described above, it is
preferable that unique characteristics of the sequence, the cell size, and the UE’s
location within a cell are considered.

Generally, if the cell size becomes larger, it is preferable that the RACH
length may also be increased in proportion to the longer cell size.

However, as previously stated in FIG. 4, the RACH requirements may be
different in the distances from the UE to the Node-B. In more detail, although an
objective UE is located in the cell, the RACH requirement is differently determined
according to specific information indicating where the corresponding UE is located in
the cell (i.e., the distance from the UE to the Node-B).

The RACH requirements (i.e., the RACH length and/or the RACH width),
which are different in the distances between the UE and the Node-B and an exemplary

sequence structure applied to the RACH requirements, have been disclosed in Korean



10

15

20

WO 2008/038958 PCT/KR2007/004637

19

Patent Application Nos. 2006-87290 and 2006-92836.  According to the Korean
Patent Application Nos. 2006-87290 and 2006-92836, individual iterative parts of the
iterative RACH structure of FIG. 6 or 7 are used as timeslots, so that a specific UE
located at the center of the cell may access the RACH using only one of the timeslots.

According to the above-mentioned segmented access scheme, if only the
preamble is repeated without repetition of the CP, the RACH signal of the UE located at
the center of the cell may collide with the RACH signal of the other UE located at the
boundary of the cell.

For example, provided that different CSs (Circular shifts) are applied to the
first UE located at the center part of the cell and the second UE located at the boundary
of the cell, and a sequence having orthogonality is used, a variety of delays are applied
to the iterative rear part of the RACH signal transmitted from the second UE, so that it
is difficult to discriminate between the RACH signal transmitted from the second UE
and the RACH signal transmitted from the first UE. This problem becomes more
serious when the RACH signal has a delay corresponding to a difference in quantity of
the CS applied to both sequences.

Otherwise, if not only the preamble of FIG. 6 but also the CP is also repeated
for the second UE located at the cell boundary, the Node-B can easily detect the timing
point of the RACH signal, so that the possibility of generating ambiguity in the above-
mentioned discrimination is reduced. And, if the rear part of the iterative sequence
structure is located within a second slot of the RACH structure, the possibility of
correctly separating the orthogonal sequences from each other increases as described
above.

Therefore, the sequence generation method according to the present invention
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increases the sequence length in proportion to the larger cell size and the longer distance
between the UE and the Node-B. In this case, not only the preamble part but also the
CP part is also repeated or iterated.

In the meantime, if the RACH length is increased N times, the number of CPs
to be inserted in the RACH may be set to “N”, however, it should be noted that the
number of CPs can also be set to other numbers.

FIG 8 is a conceptual diagram illustrating the number of iteration times of the
preamble and the CP when the RACH length is equal to a length corresponding to
predetermined times the basic length according to an embodiment of the present
invention.

The example of FIG. 8 shows that the RACH length is equal to four times the
basic structure, so that the CP is inserted in only two parts (i.e., the first part and the
center part). The reason why the CP is inserted in the center part is to allow the Node-
B to easily detect the timing point.

The length of a correlation interval in a correlation calculation executed by the
Node-B may be equal to the sum of the length of a single CP and the length of two
preambles. If the RACH length increases by N times, and the length of the correlation
interval is very long, the CP may be more closely inserted in the RACH length.
Needless to say, the number of inserted CPs cannot exceed the number of preamble
iterations.

The following factors must be considered on the condition that the sequence
is extended as described above, i.e., the round trip delay (RTD) and the sequence
collision caused by the channel delay spread, detailed descriptions thereof will

hereinafter be described.
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FIG. 9 is a conceptual diagram illustrating the relationship between a round-
trip delay (RTD) and the circular shift (CS) leﬁgth applied to the sequence according to
an embodiment of the present invention.

For example, if the cell size is doubled, the round trip delay (RTD) is also
doubled, so that the ZCZ size must be more increased. In this way, if the CP length is
longer than the RTD, orthogonality between a first sequence of the Case 1 of FIG. 9 and
a second sequence of the Case 2 of FIG. 9 can be maintained.

The CS length used to construct the orthogonal sequence set in the CAZAC
sequence, i.e., the ZCZ length in the CAZAC sequence, must be longer than the channel
delay spread length, so that the ZCZ length must be longer than the CP length.

Therefore, in the case of using the circular shift (CS), it is preferable that the
CS length (i.e., the ZCZ length) in the CAZAC sequence may be configured in units of
an integer multiple of the sum of the RTD and the channel delay spread time. Also,
the CS length may be decided in consideration of the timing error, or may also be
configured in larger-sized units.

If the cell size is changed to another, it can be recognized that the RTD can
casily exceed the CP interval, so that it is expected that correlation characteristics are
deteriorated. Therefore, it is preferable that the CP length is also changed to another
according to the cell size.

The length of the available CS, i.e., the ZCZ length, may also be changed to
another according to the cell size. In other words, the ZCZ length is also changed
according to the cell size, so that the size of the available orthogonal sequence set is also
changed to another.

However, the sequence set having a predetermined ZCZ length may be used
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as necessary. In the case of using the sequence set, a method for preventing the
detection performance ﬂomrbeing deteriorated by the RTD and the delay spread should
be considered.

Therefore, the following design standards are proposed.

FIG. 10 is a conceptual diagram illustrating a method for maintaining a
detection performance by selecting the ZCZ sequence on the condition that the cell size
is larger than a cell size acquired when the ZCZ sequence is designed according to the
present invention.

In FIG. 10, it is assumed that the ZCZ length is fixed according to the cell size
considered when the initial sequence is designed. The defined ZCZ sequence is set to
“ZCZ(i,n)”, where “i” is an index of an original sequence and “n” is a ZCZ index.

In this case, the ZCZ sequence is created when a sequence having a
predetermined amount is circularly shifted in a time or frequency area. Also, the ZCZ
is created when an exponential function is multiplied by a sequence converted into
another domain.

According to an embodiment of the present invention, if the sequence sets are
pre-defined, the present invention provides a method for differently selecting a specific
sequence to be actually used from among the defined sequence sets according to the cell
size. In more detail, the present invention provides a method for‘ employing only
specific sequences each of which has a specific ZCZ sequence.

For example, under the condition that predetermined index values are set to n;
and ny, if one of the ZCZ(i,n;) and the ZCZ(i,n,) is transmitted from the center part of
the cell (i.e., RTD = 0), and the other one is transmitted from the boundary part of the

cell (i.e., RTD = 2 * Cell Size / Speed of Light), two sequences must not have the



10

15

20

WO 2008/038958 PCT/KR2007/004637

23

ambiguous detection characteristics by the detection algorithm. If ambiguous
detection characteristics exist between the two sequenceé, one of the two sequences
must not be used.

For the above-mentioned purposes, the Node-B must decide which one of
original indexes (i) will be used, and must perform a signaling process in which the
Node-B informs the user equipment (UE) which one of ZCZ indexes will be employed
by the RACH, so that the Node-B requires additional information for the above-
mentioned operations. The aforementioned additional information may also be
notified to user equipments over a channel such as a BCH.

According to the embodiment of FIG. 10, if the CS in the CAZAC sequence is
applied to a time area, 2 minimum unit of an initially-fixed ZCZ size (i.e., the available
CS size) is fixed to a specific cell size, a method for applying the CS to a larger-sized
cell is designed to use only the sequence having an odd-numbered index from among
the ZCZ indexes. As a result, the number of available ZCZ sequences is reduced, but
the embodiment of FIG. 10 can correctly discriminate between signals simultaneously
while using the pre-defined sequence sets.

In the meantime, the above-mentioned method cannot reduce the ZCZ length
even when communication is established in a cell smaller than the cell size considered
when an initial sequence is designed, so that the number of ZCZs is fixed even when the
sequence is smaller than a specific cell size.

FIG. 11 shows a plurality of sequence sets for changing the CP length
according to the cell size according to the present invention.

In FIG. 11, the CP length is increased to cope with the RTD which increases

by the larger cell size and the distance to the Node-B, but the ZCZ length is fixed as
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shown in FIG. 10.

Needless to say, if the cell size or the distance to the Node-B is reduced in the
embodiment of FIG. 11, the CP length may be reduced, and the ZCZ length may not be
changed to another.

If the ZCZ length is fixed, the ZCZ sequences, which may not be
distinguished from each other due to the larger cell size as shown in FIG. 10, must be
excluded from the cell to be used. Also, the Node-B must inform the user equipment
(UE) which one of ZCZ sequences can be used, and this information may also be
notified to the user equipment (UE) over a channel such as a BCH.

If the cell size is small in the case of a second ZCZ sequence set (Set 2) of FIG.
11, a third ZCZ sequence set (Set 3) indicates the set of available sequences which can
be used when the cell size is larger than the other cell size defined when the ZCZ
interval is designed.

In the case of the third ZCZ sequence set (Set 3), it can be noted that only a
sequence having a specific ZCZ index can be used as previously stated in FIG. 10.

FIG. 11 shows a specific case in which only specific sequences, each of which
has an odd-numbered ZCZ index, are used. However, the CP length of the third ZCZ
sequence set (Set 3) is longer than that of the second ZCZ sequence set (Set 2), so that
orthogonality between individual sequences is not damaged.

In order to inform the user equipment (UE) of information of the CP length,
the Node-B may further include a predetermined process capable of transmitting the
above-mentioned ZCZ index information and the CP-length information to the user
equipment (UE) over the BCH. However, this method is uﬁable to adjust the ZCZ

length when the cell size of a system is smaller than the initially-designed cell size, so



10

15

20

WO 2008/038958 PCT/KR2007/004637

25

that it prefers to fix the number of ZCZs.

FIG. 12 shows a plurality of sequence sets for changing the ZCZ length
according to the cell size according to the present invention.

The embodiment of FIG. 12 does not consider the CP length, and removes the
ambiguity or difficulty in discriminating between sequences capable of accessing the
RACH. FIG. 12 shows only the preamble part of the basic sequence other than the CP
part.

As can be seen from FIG. 12, the ZCZ length of the third ZCZ sequence set
(Set 3) applied to a small-sized cell is longer than that of the second ZCZ sequence set
(Set 1) applied to a large-sized cell. In more detail, FIG. 12 shows that the ZCZ size
(3) used for the large-sized cell is designed to be larger than the ZCZ size (2) used for
the small-sized cell. In brief, the smaller the cell size, the smaller the ZCZ size.

If the ZCZ length is fixed to a specific value in the embodiments of FIGS. 10
and 11, only a ZCZ sequence suitable for a specific condition based on the fixed length
is selected.

If the ZCZ length (i.e., the available CS length (also called “Ncs™)) is changed
to another length according to the embodiment of FIG. 12, there are generated many
more ZCZ sequences than ZCZ sequences acquired when s‘ome parts of ZCZ sequences
are selectively used. If the cell size becomes smaller, the above-mentioned
embodiment can define more ZCZs in the same original sequence.

In this case, the index of the original sequence and the ZCZ size information
must be notified as signaling information to the user equipment (UE), and they can also
be applied to the user equipment (UE) over a downlink channel such as a BCH.

FIG 13 shows a plurality of sequence sets for changing the CP length
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according to the cell size and other sequence sets for changing the ZCZ length
according to the present invention.

The embodiment of FIG. 13 indicates that both the CP length and the CS
length are changed to others according to the cell size. The most flexible design
method is to select an optimum sequence set by selecting the proper CP length and the
proper ZCZ size according to the cell size. The embodiment of FIG. 13 optimally
adjusts the number of sequences, and maintains the perfect periodic correlation
characteristics betweenvsequences.

Referring to FIG. 13, the user equipment (UE) can select an appropriate
sequence set according to the size of a corresponding cell from among sequence sets
associated with the CP length. If the sequence set having a specific CP length is
selected, the embodiment of FIG. 13 can select a sequence set, which has an appropriate
ZCZ length according to the size of a cell including the UE, from among lower
sequence sets classified according to the ZCZ length contained in the sequence set
having the selected CP length.

Needless to say, in the case of selecting the sequence set having the proper CP
length and the proper ZCZ length, the above-mentioned method for selecting the ZCZ
length after selecting the CP length has been disclosed for only illustrative purposes,
and the order of selecting the CP length and the ZCZ length may be reversed as
necessary.

In order to select the sequence set as described above, the Node-B must
indicate which one of the CP lengths will be used along with an original sequence index
to be used, and at the same time must indicate which one of the ZCZ lengths will be

used along with the same original sequence index, and this indication information may
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be transferred over a downlink channel such as a BCH.

In the meantime, the following scheme may also be used to reduce the amount
of signaling information.

FIG. 14 shows a plurality of sequence sets for simultaneously establishing the
CP length and the ZCZ length according to the cell size according to the present
invention.

The embodiment of FIG 14 defines the sequence set capable of
simultaneously changing the CP length and the ZCZ length according to the cell size,
and the Node-B selects a sequence set suitable for the size of a corresponding cell from
among sequence sets, and informs all the cells of the selected sequence set.

For example, provided that the combination of the CP length and the ZCZ
length is denoted by {CP1, ZCZ size 1}, {CP2, ZCZ size 2}, ..., {CPN, ZCZ size N},
the Node-B selects the combination {CPi, ZCZ size i} as an apprépriate combination
suitable for its own cell size.

In this case, “CPi” and “ZCZ size i” between the combinations may be equal
to each other, or may be different from each other.

Although FIG. 14 shows an exemplary combination in which the CP length
and the ZCZ length are increased according to the larger cell size, it should be noted
that other combinations (e.g., a combination in which either one of the two lengths is
not increased or reduced in some steps) may also be used as necessary.

If the CP length and the ZCZ length are selected as necessary in the
embodiment of FIG. 14, the flexibility of the embodiment of FIG. 14 may be lower than
that of FIG. 13.

However, the Node-B need not inform each UE within the cell of information
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associated with the CP length and information associated with the ZCZ length, and has
to inform each UE of only indeﬁ information of the proper sequence set, so that the
number of signaling objects is reduced.

If the ZCZ length is adjusted according to the above-mentioned embodiments,
and the circular shift (CS) is not directly applied to the sequence and an exponential
sequence is applied to the sequence, the interval between frequency components is
changed to another interval according to the cell size.

In more detail, provided that two exponential sequences are e(k;,d) = exp (-
2tk + 6) and e(k;f;,0) = exp (2fk + @), fiand fjare different from each other, and
two RACH sequences are not distinguished from each other in the detection algorithm,
this means that the interval between the values fjand fj is very short, so the interval
should be increased more and more. As a result, it is understood that the CS length is
changed to another length due to the above-mentioned reason.

If the frequency interval is changed to another, a corresponding frequency
interval should be notified to the user equipment (UE) over a downlink channel such as
a BCH. Also, the above-mentioned method for employing the exponential function can
be applied to only the CS on the condition that there is no CP.

In this case, the CS length should be equal to the ZCZ size, should be
configured in units, each of which is larger than the other unit corresponding to the sum
of the RTD and the channel delay spread, and a CS (Circular Shift) unit should be equal
to an integer multiple of the above-mentioned sum value or should be larger than the
resultant integer multiple value.

The above-mentioned sequence definition method may define two sets to

implement the segmented access scheme, and may transmit the defined sets to a
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broadcast channel such as a BCH. In this case, the sequence set to be used in the cell
may not be equal to the other sequence set to be used outside of the cell, so that a
broadcast method considering this situation may also be used as necessary.

It should be noted that most terminology disclosed in the present invention is
defined in consideration of functions of the present invention, and can be differently
determined according to intention of those skilled in the art or usual practices.
Therefore, it is preferable that the above-mentioned terminology be understood on the
basis of all contents disclosed in the present invention.

It will be apparent to those skilled in the art that various modifications and
variations can be made in the present invention without departing from the spirit or
scope of the invention. Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they come within the scope of

the appended claims and their equivalents.

[Industrial Applicability]

As apparent from the above description, the present invention defines a
detailed method for repeating the sequence according to the cell size or the increasing
distance between the UE and the Node-B, so that the Node-B receiving the RACH
signal can easily decide a timing point. Also, the present invention defines how to set
the lengths of CP and ZCZ according to the cell size, so that it can maintain
orthogonality and solve the difficulty in distinguishing sequences.

If the ZCZ length is changed to another length according to the cell size, the

present invention can use many more sequences. If the CP length and the ZCZ length
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are properly combined with each other, the present invention can reduce the number of
signaling times of the Node-B.

The above-mentioned sequence generation method, the- random access
method, and the signaling method for implementing the same can be properly used for
the 3GPP LTE system which is being intensively standardized.

However, besides the 3GPP LTE system, the present invention can also be
equally applied to other wireless communication systems, which encounter a sequence
limitation due to the RTD variation affected by the cell size or the distance to the Node-
B during the random access of the user equipment (UE).

Although the preferred embodiments of the present invention have been
disclosed for illustrative purposes, those skilled in the art will appreciate that various
modifications, additions and substitutions are possible, without departing from the

scope and spirit of the invention as disclosed in the accompanying claims.
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[CLAIMS]

[Claim 1] A method for allowing a user equipment (UE) to establish a random

access with a Node-B, the method comprising:
selecting a sequence from a sequence set including a plurality of sequences
5  distinguishable by at least one of a sequence index and a circular shift (CS) degree; and
transmitting the selected sequence to the Node-B over a predetermined
channel for the random access,
wherein the sequence set’s unit length to which the circular shift (CS) is

applied is differently determined in proportion to a cell size.

10 [Claim 2] The method according to claim 1, before performing the selecting

sequence,
the method further comprising:
receiving at least one of information of the unit length to which the circular

shift (CS) is applied and information of the sequence index from the Node-B.

15 [Claim 3] The method according to claim 2, wherein the information received

from the the Node-B is received over a broadcast channel (BCH).

[Claim 4] The method according to claim 2, wherein, in the selecting sequence, the

user equipment (UE) selects the sequence according to the information received from

the Node-B.
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[Claim 5] The method according to claim 1, wherein a length of a cyclic prefix (CP)

in the sequence set is differently determined in proportion to the cell size.

[Claim 6] The method according to claim 5, before performing the selecting

sequence,

5 the method further comprising:
receiving at least one of information of the unit length to which the circular
shift (CS) is applied, information of the sequence index, and information of the length

of the cyclic prefix from the Node-B.

[Claim 7] The method according to claim 1, wherein the sequence set’s the unit

10  length to which the circular shift (CS) is applied is additionally and differently
determined in proportion to a distance between the user equipment (UE) and the Node-

B.

[Claim 8] The method according to claim 1, wherein the unit length to which the

circular shift (CS) is applied is determined in consideration of a round trip delay (RTD)

15  proportional to the cell size.
[Claim 9] The method according to claim 1, wherein the plurality sequences
distinguishable by at least one of the sequence index and the circular shift (CS) degree

is a Constant Amplitude Zero Auto-Correlation (CAZAC) sequence.

[Claim 10] A method for allowing a user equipment (UE) to establish a random
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access with a Node-B, the method comprising:

selecting a sequence from a sequence set including a plurality of sequences
distinguishable by at least one of a sequence index and a circular shift (CS) degree; and

transmitting the selected sequence to the Node-B over a predetermined
channel for the random access,

wherein the sequence set’s unit length to which the circular shift (CS) is
applied is constant irrespective of a cell size, and available sequences for the selecting

sequence is differently determined according to the cell size.

[Claim 11] The method according to claim 10, before performing the selecting
sequence,
the method further comprising:
receiving at least one of information of the available sequences among the

sequence set and information of the sequence index from the Node-B.

[Claim 12] The method according to claim 11, wherein, in the selecting sequence,

the user equipment (UE) selects the sequence according to the information received

from the Node-B.

[Claim 13] A method for allowing a Node-B to perform a signaling process for a

random access of at least one user equipment (UE), the method comprising;
transmitting at least one of information of a unit length to which a circular
shift (CS) is applied and information of a sequence index to the at least one user

equipment (UE),
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wherein the random access of the at least one user equipment (UE) is
performed by transmitting predetermined sequences distinguishable by at least one of

the sequence index and the circular shift (CS) degree.

5  [Claim 14] The method according to claim 13, wherein the unit length to which a

circular shift (CS) is applied is differently determined in proportion to a cell size.

[Claim 15] The method according to claim 13, wherein the information is-

transmitted over a broadcast channel (BCH).

[Claim 16] A method for generating a sequence in a user equipment (UE), the
10 method comprising;
selecting a basic sequence; and
extending the basic sequence by repeating the basic sequence in proportion to
a larger cell size,
wherein, in extending basic sequence, a cyclic prefix (CP) of the basic

15  sequence is repeated at least one time.

[Claim 17] A method for generating a sequence in a user equipment (UE), the
method comprising:
selecting a basic sequence; and
extending the basic sequence by repeating the basic sequence in proportion to

20 adistance to a Node-B,
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wherein, in extending basic sequence, a cyclic prefix (CP) of the basic

sequence is repeated at least one time.

[Claim 18] The method according to claim 16 or 17, wherein a number of

repetitions of the cyclic prefix (CP) is equal to a number of repetitions of the basic

5  sequences.

[Claim 19] The method according to claim 16 or 17, wherein a number of

repetitions of the cyclic prefix (CP) is selected according to a detection performance of

the generated sequence.

[Claim 20] The method according to claim 16; wherein the basic sequence is

10 selected from a sequence set selected according to the cell size among plurality of
sequence sets which change a zero-correlation-zone (ZCZ) length in proportion to the

cell size.

[Claim 21] The method according to claim 16, wherein:

the basic sequence is selected from a sequence set having a fixed zero-
15 correlation-zone (ZCZ) length irrespective of the cell size, and is selected from a part of

sequences in the sequence set selected according to a circular shift (CS) degree.

[Claim 22] The method according to claim 21, wherein the selected part of

sequences can be distinguished from each other according to the circular shift (CS)

degree applied to the each of the selected sequences during when a Node-B performs
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sequence detection.

[Claim 23] The method according to claim 16, wherein the basic sequence is

selected from a sequence set selected according to the cell size in plurality of sequence

sets which change a cyclic prefix (CP) length in proportion to the cell size.
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