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(57) ABSTRACT

An apparatus and a method for preamble pseudo noise code
allocation in a broadband wireless communication system are
provided. The method includes defining an inherent index for
each FA, allocating a preamble PN index to base stations
using a reference FA index, defining an inherent offset by
each FA for remaining FA indexes, and shifting the preamble
PN index allocated to the base stations using the reference FA
index by the defined offset, and allocating the preamble PN
index to base stations using the remaining FA indexes. The
price of a system can thus be lowered by reducing a Peak-to-
Average Power Ratio (PAPR) of a preamble, increase the
number of FAs that a specific amplifier can amplify, and
immediately allocate a preamble PN index when adding a
new FA during an operation of a system.
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1
APPARATUS AND METHOD FOR PREAMBLE
PSEUDO NOISE CODE ALLLOCATION IN
BROADBAND WIRELESS COMMUNICATION
SYSTEM

PRIORITY

This application claims priority under 35 U.S.C. §119(a)to
a Korean patent application filed in the Korean Intellectual
Property Office on Feb. 6, 2007 and assigned Serial No.
2007-11941, the contents of which are hereby incorporated
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus and a method
for preamble Pseudo Noise (PN) code allocation in a broad-
band wireless communication system, and more particularly
to an apparatus and a method for allocating different pre-
amble PN codes to respective Frequency Allocations (FAs) in
a base station of a broadband wireless communication system
which amplifies a plurality of FAs with one amplifier.

2. Description of the Related Art

The IEEE 802.16e system basically adopts a cellular
method and supports a frequency reuse factor of 1. For this
reason, it is possible to share an identical frequency with
adjacent cells. Therefore, a terminal within the system must
be able to identify a base station to which it belongs from
adjacent base stations which use an identical frequency. For
identification, each base station inserts a preamble Pseudo
Noise (PN) code, i.e., its inherent PN code into a preamble of
each frame to be transmitted to a terminal.

The number of the preamble PN codes defined in the IEEE
802.16e system reference is 114. Respective preamble PN
codes have preamble PN indexes from 0 to 113, and each
preamble PN index has an inherent preamble PN code, an ID
cell and a segment number as shown in FIG. 1. Each base
station is allocated with one of the preamble PN codes and
broadcasts it to a terminal. Then the terminal interprets the
received preamble PN code and thereby checks an IDcell and
a segment number of corresponding base station. Here, the
IDcell has 32 different values from O to 31, and the segment
number has three different values from 0 to 2. Therefore, all
preamble PN codes cannot have their inherent combinations
of'an IDcell and a segment number. Among the 114 preamble
PN codes, code 0 through code 95 have their inherent com-
binations of an IDcell and a segment number, whereas code
96 through code 113 have the same combinations as those of
code 0 through code 95.

The preamble PN code is used when a terminal turns on and
initially tries to connect to a system, in order to search a base
station to perform a communication. The terminal matches a
received signal to the 114 preamble PN codes, synchronizes
an initial time to the most well-matched preamble PN code,
and starts a communication with a base station having the
corresponding preamble PN index. The preamble PN code is
also used to search an adjacent base station when the terminal
needs a handover.

In addition, the preamble PN code transmits an IDcell and
a segment number of corresponding base station through a
preamble PN index. The IDcell and segment number are
important parameters used in a sub-carrier randomization, a
sub-channel permutation, a cluster renumbering, a sub-chan-
nel renumbering, and so on. A terminal checks a preamble PN
index of a base station and thereby obtains an [Dcell and a
segment number of the corresponding base station.
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When an identical preamble PN index is allocated to adja-
cent base stations, the terminal cannot perform an initial
search for a base station. Hence, the preamble PN index must
be allocated to each base station in such a way that minimizes
a replicated allocation to adjacent base stations. In addition,
since the IDcell and the segment number are also important
parameters for identifying a base station, they also should be
allocated to each base station in such a way that minimizes the
replicated allocation to adjacent base stations.

Meanwhile, a Radio Frequency (RF) power amplifier in a
broadband wireless communication system is a significant
component which takes considerable parts in material cost,
space, and power consumption. The power amplifier is clas-
sified into a Single Carrier Power Amplifier (SCPA) and a
Multi-Carrier Power Amplifier (MCPA) according to a band-
width of an input signal. In general, the MCPA is more expen-
sive than the SCPA in order to maintain linearity. However,
when a system uses a plurality of FAs, using one MCPA may
be more economical than using a plurality of SCPAs.

Many methods for allocating a preamble PN index to each
base station in a broadband wireless communication system
have been proposed. However, those methods are applicable
to a system using one FA, and when the methods are directly
applied to a system using a plurality of FAs, an identical
preamble PN index is allocated to all FAs in a base station.
When the base station amplifies each FA by a separate power
amplifier, that is, when a separate SCPA is used for each FA,
it doesn’t cause a problem even though an identical preamble
PN index is allocated to the FAs. However, when a plurality of
FAs are amplified by one power amplifier, that is, when the
MCPA is used, allocation of identical preamble PN index to
the FAs may cause a problem.

When an identical preamble PN index is used for a plurality
of FAs, an identical preamble PN code is transmitted from
preamble symbols to the FAs. That is, all FAs transmit an
identical signal. In this case, a Peak-to-Average Power Ratio
(PAPR) of a base station is significantly increased as com-
pared to the case when each FA transmits a different signal. In
a downlink zone except in a preamble, different signals are
transmitted every frame. Therefore, it has little possibility of
transmitting an identical signal by different FAs. However,
since the preamble transmits always an identical signal, when
the preamble PN index values used in respective FAs are
identical, the PAPR may be greatly increased. The rise of the
PAPR increases an output span in which a power amplifier
should maintain linearity, thereby increasing the price of the
power amplifier. That is, when a base station operating a
plurality of FAs using the MCPA uses an identical preamble
PN index for the FAs, the material cost of the power amplifier
may be increased due to a rise of the PAPR. Accordingly, it is
better to use different preamble PN index values in one base
station.

If a system allocates preamble PN indexes to each base
station in consideration of a preamble PN index replication
for the FAs within a base station as well as of the preamble PN
index replication in adjacent base stations, the above-men-
tioned problem may be solved. One easy way is to divide a
preamble PN set by each FA. For example, when a system
uses three FAs, the preamble PN index is divided into three
groups, and each FA uses only the preamble PN index belong-
ing to one group. However, the number of the preamble PN
indexes is 114, and the ID cell and the segment number which
are the components of the preamble PN index are just 32 and
3, respectively. Therefore, even when only one FA is used, it
is difficult to allocate the preamble PN index without repli-
cation among adjacent base stations. Furthermore, ifthe FA is
considered, it becomes more difficult to allocate the preamble
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PN index, and it may increase the possibility of parameter
replication among adjacent base stations.

For this reason, a preamble PN index allocation method in
abroadband wireless communication system using a plurality
of FAs should satisty the following two requirements simul-
taneously. First, a different preamble PN index must be allo-
cated to each FA within a base station. Second, the allocation
to respective FAs should not deteriorate an allocation perfor-
mance of the preamble PN index, [Dcell and segment, as
compared to the FA allocation in a system using one FA.
Accordingly, in order to reduce the price of a power amplifier
in a broadband wireless communication system using a plu-
rality of FAs, there is needed a preamble PN index allocation
method which does not deteriorate the performance of the
preamble PN index allocation to each FA while using differ-
ent preamble PN indexes for respective FAs in a base station.

SUMMARY OF THE INVENTION

To address the above-discussed deficiencies of the prior art,
it is an aspect to provide an apparatus and a method for
preamble Pseudo Noise (PN) code allocation in a broadband
wireless communication system.

Another aspect of the present invention is to provide an
apparatus and a method for allocating different preamble PN
codes to respective Frequency Allocations (FA) within a base
station in a broadband wireless communication system which
amplifies a plurality of FAs by one amplifier.

Still another aspect of the present invention is to provide an
apparatus and a method for shifting a preamble PN index
allocated to one FA by an inherent offset defined by each FA
and thereby allocating preamble PN indexes for remaining
FA indexes in a broadband wireless communication system
which amplifies a plurality of FAs by one amplifier.

According to an aspect of the present invention, a preamble
PN code allocation method in a broadband wireless commu-
nication system using a plurality of FAs includes defining an
inherent index for each FA, allocating a preamble PN index to
base stations using a reference FA index, defining an inherent
offset by each FA for remaining FA index, and shifting the
preamble PN index allocated to the base stations using the
reference FA index by the defined offset and allocating the
preamble PN indexes to the base stations using the remaining
FA index.

According to another aspect of the present invention, a
preamble pseudo noise code allocation apparatus in a broad-
band wireless communication system using a plurality of FAs
includes an FA index determining device for defining an
inherent index for each FA, a preamble PN index allocation
device for a reference FA index which allocates a preamble
PN index to base stations using the reference FA index, and a
preamble PN index allocation device for remaining FA index
which shifts the preamble PN index allocated to the base
stations using the reference FA index by the defined offset and
allocates the preamble PN index to base stations using the
remaining FA index.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features, and advantages of
the present invention will become more apparent from the
following description when taken in conjunction with the
accompanying drawings, in which like reference numerals
represent like elements, in which:

FIG. 1 is a diagram illustrating a part of general preamble
PN code in a broadband wireless communication system;
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FIG. 2 is a diagram illustrating a configuration of a pre-
amble PN code allocation apparatus in a broadband wireless
communication system according to an embodiment of the
present invention; and

FIG. 3 is a flow chart illustrating a procedure of a preamble
PN code allocation in a broadband wireless communication
system according to an embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

FIGS. 2 and 3, discussed below, and the various embodi-
ments used to describe the principles of the present invention
in this patent document are by way of illustration only and
should not be construed in any way to limit the scope of the
disclosure. Those skilled in the art will understand that the
principles of the present invention may be implemented in
any suitably arranged wireless communication system.

The present invention is related to an apparatus and a
method for preamble Pseudo Noise (PN) code allocation in a
broadband wireless communication system.

FIG. 2 is a diagram illustrating a configuration of a pre-
amble PN code allocation apparatus in a broadband wireless
communication system according to an embodiment of the
present invention. The preamble PN code allocation appara-
tus comprises a Frequency Allocation (FA) index determining
device 201, a preamble PN index allocation device for an FA
0203, and a preamble PN index allocation device for remain-
ing FA indexes 205.

Referring to FIG. 2, the FA index determining device 201
defines an inherent index for each FA used in a system and
outputs the defined FA indexes to the preamble PN index
allocation device for FA 0 203.

The preamble PN index allocation device for FA 0 203
allocates preamble PN indexes to base stations using a refer-
ence FA index, i.e., an FA index 0 in the same way as that used
in a system employing one FA, and outputs an allocation
result to the preamble PN index allocation device for remain-
ing FA index 205.

The preamble PN index allocation device for remaining FA
indexes 205 defines an inherent offset of each FA for the
remaining FA indexes and allocates the preamble PN index
for the remaining FA indexes according to the defined offset.

FIG. 3 is a flow chart illustrating a procedure of a preamble
PN code allocation in a broadband wireless communication
system according to an embodiment of the present invention.

Referring to FIG. 3, the preamble PN code allocation appa-
ratus defines an inherent index for each FA used in a system in
step 301. Here, the FA index may not be related with a
physical frequency. For example, a minimum value of the FA
index may be set as 0, and an FA index which increases by 1
may be allocated to each FA. That is, when N FAs are used in
a system, indexes from FA 0 to FA N-1 may be allocated to
the respective FAs.

Thereafter, the preamble PN code allocation apparatus
allocates a preamble PN index to base stations using a refer-
ence FA index, i.e., an FA index 0 in the same way as that used
in a system using one FA in step 303. Here, the preamble PN
index allocation may be performed in various ways, and the
descriptions on those ways will not be discussed in the present
invention for conciseness.

Thereafter, the preamble PN code allocation apparatus
defines an inherent offset by an FA for the remaining FAs in
step 305. For example, the inherent offset by an FA may be
defined by the FA index defined in step 301, or in various
other ways.
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Then, the preamble PN code allocation apparatus allocates
apreamble PN index to the base stations using the remaining
FA indexes according to the offset in step 307. For example,
by shifting a preamble PN index for the FA index 0 with the
inherent offset defined by an FA, the preamble PN code
allocation apparatus can allocate the preamble PN index to
the base stations using corresponding FA index. In this case,
a modulo operation is implemented for the shifted value with
the number of preamble PN indexes to make the shifted value
not greater than a maximum value of the preamble PN index.

Here, a PN,, which is the preamble PN index for the base
stations using an FA index i, may be allocated using Equation
1.

PN=(PNy+i)mod Npy o)

Here, mod refers to a modulo operation, and the PN,
denotes a preamble PN index for the base stations using the
FA index 0. In addition, the N,,is the number of the preamble
PN indexes, which is 114 in the IEEE 802.16¢ standard.

Thereafter, the preamble PN code allocation apparatus
completes a computation according to the present invention.

The preamble PN index is associated with the IDcell and
the segment, and thus if any one value of the IDcell and the
segment is changed, the preamble PN index is changed
accordingly. Hence, an IDcell or a segment for the FA index
iwithin a base station may be applied to an embodiment of the
present invention, and thereby a method for changing the
preamble PN index is also possible.

Here, an IDcell,, which is the IDcell for the FA index i may
beallocated by using Equation 2, and a Segment,, which is the
segment for the FA index i, may be allocated by using Equa-
tion 3.

IDcell,=(IDcelly+i)mod Nypeernr 2)

Here, the N,,,__; is the number of the IDcells, and is 32 in
the IEEE 802.16e standard.

Segment,=(Segmento+)mod Ng g, s

®
Here, N, e, refers to the number of the segments, and is
3 in the IEEE 802.16e standard.

As described above, an embodiment of the present inven-
tion ensures that different preamble PN indexes are applied to
respective FAs in a base station by applying an offset to the
preamble PN index by an FA. In addition, since it applies an
allocation result of the preamble PN index for one FA to other
FAs, the allocation performance of the preamble PN index is
not deteriorated even though the number of the FAs is
increased.

As discussed above, by providing an apparatus and a
method for allocating different preamble PN codes to respec-
tive FAs in a base station of a broadband wireless communi-
cation system which amplifies a plurality of FAs by one
power amplifier, the present invention can ensure a preamble
PN index allocation performance identical to that of a system
using single FA, and decrease a PAPR of the preamble. A
power amplifier takes a greater part in the material price of a
system, and if the PAPR that the power amplifier must man-
age is increased, the price of the amplifier is significantly
increased, resulting in the rise in the material price of the
system. Therefore, the present invention has advantages of
lowering the price of a broadband wireless communication
system using a plurality of FAs and increasing the number of
FAs that a specific amplifier can amplify. In addition, accord-
ing to the present invention, if a preamble PN index is allo-
cated only for one FA, the preamble PN indexes are automati-
cally allocated to all other FAs by a simple calculation.
Therefore, there is no additional burden for the PN index
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allocation in a system using a plurality of FAs. Lastly, if an
inherent index is allocated to each FA, the PN index of cor-
responding FA is automatically determined. Therefore, when
adding a new FA during an operation, the system can imme-
diately allocate a PN index.

Although the present invention has been described with an
exemplary embodiment, various changes and modifications
may be suggested to one skilled in the art. It is intended that
the present invention encompass such changes and modifica-
tions as fall within the scope of the appended claims.

What is claimed is:

1. A preamble Pseudo Noise (PN) code allocation method
employing a plurality of Frequency Allocations (FAs), the
method comprising:

determining an index for each of a plurality of FAs, atan FA

index determining device;

allocating a first of a plurality of preamble PN indexes to a

first FA at a preamble PN index allocation device,
wherein each of the plurality of preamble PN indexes
corresponds to a different PN code;

determining offsets between an index of the first FA and

each remaining FA of the plurality of FAs at a preamble
PN index allocation device for remaining FA indexes;
and
allocating preamble PN indexes to the remaining FAs,
wherein each preamble PN index is shifted from the first
preamble PN index by an amount based on an offset of
its corresponding remaining FA index, and wherein a
different preamble PN index is allocated to each FA; and

transmitting signals from the base station over the plurality
of FAs having corresponding allocated preamble PN
indexes.

2. The method of claim 1, wherein determining the index
for each FA comprises:

allocating an index to an FA; and

taking the index allocated to the first FA as a minimum

value and allocating FA indexes which increase by 1,
respectively, to each of the remaining FAs.

3. The method of claim 1, wherein a modulo operation is
implemented for a shifted value with the number of the pre-
amble PN indexes to make the shifted value not greater than
a maximum value of the preamble PN index.

4. The method of claim 1, wherein the preamble PN
indexes for the remaining FA indexes are allocated by:

PN=(PNy+i)mod Npy

wherein the PN, is a preamble PN index of an FA index i,
mod is a modulo operation, the PN, is a preamble PN
index for the first FA, and the N, is the number of the
preamble PN indexes.

5. A base station employing a plurality of Frequency Allo-

cations (FAs), the base station comprising:

an FA index determining device for determining an index
for each of a plurality of FAs;

apreamble PN index allocation device for allocating a first
of a plurality of preamble PN indexes to a first FA,
wherein each of the plurality of preamble PN indexes
correspond to a different PN code; and

a second preamble PN index allocation device for deter-
mining offsets between an index of the first FA and each
remaining FA of the plurality of FAs, allocating pre-
amble PN indexes to the remaining FAs, wherein each
preamble PN index is shifted from the first preamble PN
index by an amount based on an offset of its correspond-
ing remaining FA index, and wherein a different pre-
amble PN index is allocated to each FA.
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6. The base station of claim 5, wherein the FA index deter-
mining device allocates an index to the first FA, takes the
index allocated to one FA as a minimum value, and allocates
FA indexes which increase by 1, respectively, to each of the
remaining FAs.

7. The base station of claim 5, wherein the second preamble
PN index allocation device for remaining FA indexes imple-
ments a modulo operation for the shifted value with the num-
ber of the preamble PN indexes to make the shifted value not
greater than a maximum value of the preamble PN index.

8

8. The base station of claim 5, wherein the second preamble
PN index allocation device for remaining FA indexes allo-
cates the preamble PN index for remaining FA indexes by:

PN=(PNy+))mod Npy
wherein the PN; is a preamble PN index of an FA index i,
mod is a modulo operation, the PN, is a preamble PN

index of the first FA, and the N, is the number of the
preamble PN indexes.
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