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HANDOFF SYSTEM USING AN INITIAL RANGING
SCHEME IN A BROADBAND WIRELESS ACCESS
COMMUNICATION SYSTEM AND METHOD FOR

CONTROLLING THE SAME

PRIORITY

[0001] This application claims priority to an application
entitled “HANDOFF SYSTEM USING INITIAL RANG-
ING SCHEME IN BROADBAND WIRELESS ACCESS
COMMUNICATION SYSTEM AND METHOD FOR
CONTROLLING THE SAME?”, filed in the Korean Intel-
lectual Property Office on Mar. 8, 2003 and assigned Serial
No. 2003-14569, the contents of which are hereby incorpo-
rated by reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates generally to a ranging
method for a broadband wireless access communication
system, and more particularly to a handoff system using an
initial ranging process in a broadband wireless access com-
munication system for use with an OFDM (Orthogonal
Frequency Division Multiplexing) scheme, and a method for
controlling the same.

[0004] 2. Description of the Related Art

[0005] Recently, many developers have conducted inten-
sive research into the 4G (4th Generation) communication
system as one of the next generation communication sys-
tems to provide a plurality of users with a specific service
having a variety of QoSs (Quality of Services) at a transfer
rate of about 100 Mbps. Currently, the 3G (3rd Generation)
communication system provides a transfer rate of about 384
kbps in an outdoor channel environment having a relatively
poor channel environment, and provides a maximum trans-
fer rate of about 2 Mbps in an indoor channel environment
having a relatively good channel environment. A wireless
Local Area Network (LAN) system and a wireless Metro-
politan Area Network (MAN) system have been designed to
provide a transfer rate of 20~50 Mbps. Therefore, there has
been newly developed a new communication system based
on the 4G communication system to provide the wireless
LAN and MAN systems for guaranteeing a relatively high
transfer rate with mobility and QoS, and many developers
have conducted intensive research into a high-speed service
to be provided from the 4G communication system.

[0006] The wireless MAN system is suitable for a high-
speed communication service because it has a wide coverage
area and supports a high-speed transfer rate, but it does not
consider the mobility of a subscriber station (SS) at all. As
a result, there is no consideration of a handoff operation (i.e.,
a cell selection operation) caused by the high-speed move-
ment of the SS. The communication system currently con-
sidered in IEEE (Institute of Electrical and Electronics
Engineers) 802.16a and IEEE 802.16¢ specifications acts as
a specific communication system for performing a ranging
operation between the SS and a base station (BS).

[0007] FIG. 1 is a block diagram illustrating a broadband
wireless access communication system using an OFDM/
OFDMA (Orthogonal Frequency Division Multiplexing/
Orthogonal Frequency Division Multiple Access) scheme.
More specifically, FIG. 1 illustrates the IEEE 802.16a/IEEE
802.16e communication system.

[0008] The wireless MAN system, which acts as a BWA
(Broadband Wireless Access) communication system, has a
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much wider coverage are and a much higher transfer rate
than the wireless LAN system. When adapting the OFDM
scheme and the OFDMA scheme to a physical channel of the
wireless MAN system to provide the wireless MAN system
with a broadband transmission network, this application
system is called an IEEE 802.16a communication system.
The IEEE 802.16a communication system applies the
OFDM/OFDMA scheme to the wireless MAN system, such
that it transmits a physical channel signal using a plurality of
sub-carriers, resulting in high-speed data transmission. The
IEEE 802.16e communication system has been designed to
consider the SS’s mobility in the IEEE 802.16a communi-
cation system, and there is no detailed specification yet for
the IEEE 802.16e communication system.

[0009] Referring to FIG. 1, the IEEE 802.16a/IEEE
802.16e communication system has a single cell structure,
and includes a BS 100 and a plurality of SSs 110, 120, and
130, which are managed by the BS 100. Signal transmission/
reception among the BS 100 and the SSs 110, 120, and 130
can be established using the OFDM/OFDMA scheme. A
downlink frame structure for use in the IEEE 802.16a/IEEE

802.16e communication system will hereinafter be
described with reference to FIG. 2.
[0010] FIG. 2 is a conceptual diagram illustrating the

downlink frame structure for use in the BWA communica-
tion system using the OFDM/OFDMA scheme. More spe-
cifically, FIG. 2 illustrates a downlink frame structure for
use in the IEEE 802.16a/IEEE 802.16¢ communication
system.

[0011] Referring to FIG. 2, the downlink frame includes a
preamble field 200, a broadcast control field 210, and a
plurality of TDM (Time Division Multiplexing) fields 220
and 230. A synchronous signal (i.e., a preamble sequence)
for acquiring synchronization between the BS and the SSs is
transmitted via the preamble field 200. The broadcast control
field 210 includes a DL(Downlink) MAP field 211 and a
UL(UpLink) MAP field 213. The DL.__MAP field 211 is
used to transmit the DL_MAP message, and a plurality of
IEs (Information Elements) contained in the DI,_MAP mes-
sage are shown below in the Table 1.

TABLE 1

Syntax Size Notes

DL__MAP_ Message_ Format( ){

Management Message Type=2 8 bits
PHY Synchronization Field Variable ~ See Appropriate PHY
specification
DCD Count 8 bits
Base Station ID 48 bits
Number of DL MAP Element n 16 bits
Begin PHY Specific section { See Applicable PHY
section
for (i=1; i<=n; i++) For each DL MAP
element 1 to n
DL_MAP Information Element() Variable  See corresponding PHY
specification
If!(byte boundary) { 4 bits Padding to reach byte
Padding Nibble boundary

¥
¥
¥

[0012] With reference to Table 1, the DL._MAP message
includes a Management Message Type field for indicating a
plurality of IEs (i.c., transmission message type informa-
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tion); a PHY (PHYsical) Synchronization field established
in response to a modulation or demodulation scheme applied
to a physical channel in order to perform synchronization
acquisition, a DCD (Downlink Channel Descript) count field
for indicating count information in response to a DCD
message configuration variation containing a downlink burst
profile; a Base Station ID field for indicating a Base Station
Identifier; and a Number of DL._MAP Element n field for
indicating the number of elements found after the Base
Station ID. Particularly, the DI, MAP message (not shown
in Table 1) includes information associated with ranging
codes allocated to individual ranging processes to be
described later.

[0013] The UL_MAP field 213 is used to transmit the
UL_MAP message. A plurality of IEs contained in the
UL_MAP message are shown in Table 2 below

TABLE 2

Syntax Size Notes

UL_MAP_ Message_ Format( ){

Management Message Type=3 8 bits

Uplink Channel ID 8 bits

UCD Count 8 bits

Number of UL_ MAP Element n 16 bits

Allocation Start Time 32 bits

Begin PHY Specific section { See Applicable PHY
section

for (i=1; i<=n, i++) For each DL MAP

element 1 to n

UL__MAP Information Variable ~ See corresponding PHY

Element( ) specification

b
b

[0014] Referring to Table 2, the UL_MAP message
includes a Management Message Type field for indicating a
plurality of IEs (i.c., transmission message type informa-
tion); an Uplink Channel ID field a used Uplink Channel ID;
a UCD (Uplink Channel Descript) count field for indicating
count information in response to a UCD message configu-
ration variation containing an uplink burst profile; and a
Number of UL_MAP Element n field for indicating the
number of elements found after the UCD count field. In this
case, the uplink channel ID can only be allocated to a Media
Access Control (MAC) sub-layer.

[0015] The TDM fields 220 and 230 indicate fields cor-
responding to timeslots allocated using a TDM/TDMA
(Time Division Multiple/Time Division Multiple Access)
scheme. The BS transmits broadcast information to be
broadcast to SSs managed by the BS over the DL._MAP field
211 using a predetermined center carrier. The SSs monitor
all the frequency bands having been previously allocated to
individual SSs upon receipt of a power-on signal, such that
they detect a pilot channel signal having the highest signal
strength, i.e., the highest pilot CINR (Carrier to Interference
and Noise Ratio). It is determined that the SS belongs to a
specific BS that has transmitted the pilot channel signal with
the highest pilot CINR. The SSs check the DL_MAP field
211 and the UL_MAP field 213 of the downlink frame
having been transmitted from the BS, such that they recog-
nize their own uplink and downlink control information and
specific information for indicating a real data transmission/
reception position.
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[0016] The aforementioned UCD message configuration is
shown below in Table 3:

TABLE 3
Syntax Size Notes
UCD-Message_ Format( ){
Management Message Type=0 8 bits
Unlink channel ID 8 bits
Configuration Change Count 8 bits
Mini-slot size 8 bits
Ranging Backoff Start 8 bits
Ranging Backoff End 8 bits
Request Backoff Start 8 bits
Request Backoff End 8 bits
TLV Encoded Information for Variable
the overall channel
Begin PHY Specific Section {
for (i=1; i<n; i+n)
Uplink_ Burst__Descriptor Variable

¥
¥
¥

[0017] Referring to Table 3, the UCD message includes a
Management Message Type field for indicating a plurality of
Es (ie., transmission message type information), an Uplink
Channel ID field for indicating a used Uplink Channel
Identifier; a Configuration Change Count field counted by
the BS; a mini-slot size field for indicating the size of the
mini-slot of the uplink physical channel; a Ranging Backoff
Start field for indicating a backoff start point for an initial
ranging process, i.e., an initial backoff window size for the
initial ranging process; a Ranging Backoff End field for
indicating a backoff end point for the initial ranging process,
i.e., a final backoff window size; a Request Backoff Start
field for indicating a backoff start point for establishing
contention data and requests, i.e., an initial backoff window
size; and a Request Backoff End field for indicating a
backoff end point for establishing contention data and
requests, i.e., a final backoff window size. In this case, the
backoff value indicates a kind of standby time, which is a
duration time between the start of SS’s access failure and the
start of SS’s re-access time. If the SS fails to execute an
initial ranging process, the BS must transmit the backoff
values for indicating standby time information for which the
SS must wait for the next ranging process to the SS. For
example, provided that a specific number of 10 is deter-
mined by the “Ranging Backoff Start” and “Ranging Back-
off End” fields shown in Table 3, the SS must pass over 2*°
access executable chances (i.e., 1024-times access execut-
able chances) and then execute the next ranging process
according to the Truncated Binary Exponential Backoff
Algorithm.

[0018] FIG. 3 is a conceptual diagram illustrating an
uplink frame structure for use in a BWA communication
system using an OFDM/OFDMA scheme. More specifically,
FIG. 3 illustrates an uplink frame structure for use in the
IEEE 802.16a/IEEE 802.16e communication system.

[0019] Prior to describing the uplink frame structure illus-
trated in FIG. 3, three ranging processes for use in the IEEE
802.16a/IEEE 802.16e communication system, i.e., an ini-
tial ranging process, a maintenance ranging process (also
called a period ranging process), and a bandwidth request
ranging process, will hereinafter be described in detail.
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[0020] The initial ranging process for establishing syn-
chronization acquisition between the BS and the SS estab-
lishes a correct time offset between the SS and the BS, and
is used to control a transmission power (also called a
transmit power). More specifically, the SS is powered on,
and receives the DL._MAP message, the UL_MAP message,
and the UCD message to establish synchronization with the
BS in such a way that it performs the initial ranging process
to control the transmission power between the BS and the
time offset. In this case, the IEEE 802.16a/IEEE 802.16e
communication system uses the OFDM/OFDMA scheme,
such that the ranging procedure requires a plurality of
ranging sub-channels and a plurality of ranging codes. The
BS allocates available ranging codes to the SS according to
objectives of the ranging processes (i.c., the ranging process
type information). This operation will be described in more
detail herein below.

[0021] The ranging codes are created by segmenting a PN
(Pseudorandom Noise) sequence having a length of 2'°-1
bits into predetermined units. Typically, one ranging channel
includes two ranging sub-channels, each having a length of
53 bits. PN code segmentation is executed over the ranging
channel having the length of 106 bits, resulting in the
creation of a ranging code. A maximum of 48 ranging codes
RC#1~RC#48 can be assigned to the SS. More than two
ranging codes for every SS are applied as a default value to
the three ranging processes having different objectives, i.c.,
an initial ranging process, a period ranging process, and a
bandwidth request ranging process. As a result, a ranging
code is differently assigned to the SS according to each
objective of the three ranging processes.

[0022] For example, N ranging codes are assigned to the
SS for the initial ranging process as denoted by a prescribed
term of “N RC (Ranging Codes) for Initial Ranging”, M
ranging codes are assigned to the SS for the periodic ranging
process as denoted by a prescribed term of “M RCs for
maintenance ranging”, and L ranging codes are assigned to
the SS for the bandwidth request ranging process as denoted
by a prescribed term of “L RCs for BW-request ranging”.
The assigned ranging codes are transmitted to the SSs using
the DL MAP message, and the SSs perform necessary
ranging procedures using the ranging codes contained in the
DL_MAP message.

[0023] A period ranging process is periodically executed
such that an SS, which has controlled a time offset between
the SS and the BS and a transmission power in the initial
ranging process, can control a channel state associated with
the BS. The SS performs the period ranging process using
the ranging codes assigned for the period ranging process.

[0024] A bandwidth request ranging process is used to
enable the SS, which has controlled a time offset between
the SS and the BS and a transmission power in the initial
ranging process, to request a bandwidth allocation from the
BS in such a way that the SS can communicate with the BS.

[0025] Referring to FIG. 3, the uplink frame includes an
initial maintenance opportunity field 300 using the initial
and period ranging processes, a request contention oppor-
tunity field 310 using the bandwidth request ranging pro-
cess, and an SS scheduled data field 320 including uplink
data of a plurality of SSs. The initial maintenance opportu-
nity field 300 includes a plurality of access burst fields, each
having real initial and period ranging processes, and a
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collision field in which there is a collision between the
access burst fields. The request contention opportunity field
310 includes a plurality of bandwidth request fields each
having a real bandwidth request ranging process, and a
collision field in which there is a collision between the
bandwidth request ranging fields. The SS scheduled data
fields 320 each include a plurality of SS scheduled data
fields (i.e., SS 1 scheduled data field~SS N scheduled data
field). The SS transition gap is positioned between the SS
scheduled data fields (i.e., SS 1 scheduled data field~SS N
scheduled data field).

[0026] As described above, the IEEE 802.16a communi-
cation system has considered a fixed state of a current SS
(i.e., there is no consideration given to the mobility of the
SS) and a single cell structure. However, the IEEE 802.16¢
communication system has been defined as a system for
considering the SS’s mobility in the IEEE 802.16a commu-
nication system, such that the IEEE 802.16e communication
system must consider the SS’s mobility in a multi-cell
environment. In order to provide the SS’s mobility in the
multi-cell environment, individual operations modes of the
SS and the BS must be converted into others. However, the
IEEE 802.16e communication system has not proposed a
new method for improving the SS’s mobility in the multi-
cell environment. Therefore, an SS handoff system consid-
ering a multi-cell structure to provide the IEEE 802.16e
communication system with the SS’s mobility must be
developed.

SUMMARY OF THE INVENTION

[0027] Therefore, the present invention has been designed
in view of the above and other problems, and it is an object
of the present invention to provide a handoff system and
method for guaranteeing the SS’s mobility in a BWA com-
munication system.

[0028] It is another object of the present invention to
provide a handoff system and method using an initial rang-
ing process in a BWA communication system.

[0029] In accordance with one aspect of the present inven-
tion, the above and other objects can be accomplished by a
base station (BS) handoff method using an initial ranging
process in a communication system for use with an OFDM
(Orthogonal Frequency Division Multiplexing) scheme,
comprising the steps of a) broadcasting neighbor BS infor-
mation, downlink information including initial ranging
information, and uplink information to a plurality of SSs
(Subscriber Stations) located within a cell controlled by the
BS; b) upon receiving an initial ranging request from a SS
from among the plurality of SSs, transmitting an initial
ranging response associated with the initial ranging request
to the SS; and c) determining whether a response generated
from the SS is generated during a predetermined setup time
after transmitting the initial ranging response, and determin-
ing whether the SS is handed off according to the determined
result.

[0030] In accordance with another aspect of the present
invention, there is provided an SS (Subscriber Station)
handoff method in a communication system using an OFDM
(Orthogonal Frequency Division Multiplexing) scheme,
comprising the steps of: a) receiving a variety of informa-
tion, ie., neighbor BS (Base Station) information of a
plurality of neighbor BSs associated with a plurality of cells
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adjacent to a cell and uplink-associated information needed
for transmitting data from the SS to a first BS, from the first
BS for controlling the cell currently containing the SS; b)
requesting synchronization information needed for estab-
lishing synchronization acquisition between the SS and the
first BS from the first BS; ¢) monitoring the plurality of
neighbor BSs on the basis of the neighbor BS information
associated with the plurality of neighbor BSs; and d) estab-
lishing a handoff with a second BS which is one of the
plurality of neighbor BSs based on the monitored result.

[0031] In accordance with yet another aspect of the
present invention, there is provided an SS (Subscriber Sta-
tion) handoff method using an initial ranging process in a
communication system using an OFDM (Orthogonal Fre-
quency Division Multiplexing) scheme, comprising the
steps of: a) receiving neighbor BS information broadcast
from a first BS to which the SS currently belongs, downlink
information containing initial ranging information, and
uplink information allocated to the SS; b) requesting an
initial ranging process from the first BS using the initial
ranging information and uplink information received from
the first BS; ¢) monitoring the neighbor BSs in response to
the neighbor BS information; d) if a specific state where a
handoff state must be established with the second BS from
among the neighbor BSs is detected during the monitoring
time of the neighbor BSs, receiving downlink information
and uplink information broadcast from a second BS; and ¢)
requesting an initial ranging process from the second BS
using the initial ranging information and the uplink infor-
mation received from the second BS.

[0032] In accordance with yet another aspect of the
present invention, there is provided a handoff apparatus
using an initial ranging process in a communication system
using an OFDM (Orthogonal Frequency Division Multi-
plexing) scheme, comprising: a BS (Base Station) for broad-
casting neighbor BS information, downlink information
with initial ranging information, and uplink information
allocated to a plurality of SSs (Subscriber Stations) to the
SSs contained in a cell, and transmitting an initial ranging
response answering an initial ranging request upon receiving
the initial ranging request from a SS from among the SSs;
and an SS for receiving the downlink information and the
uplink information broadcast from the BS, requesting an
initial ranging process from the BS using the received initial
ranging information and uplink information, monitoring
neighbor BSs in response to the neighbor BS information,
determining whether a handoff state must be established
with a new BS different from the BS from among the
neighbor BSs, receiving downlink and uplink information
broadcast from the new BS if it is determined that the
handoff state must be established with the new BS, and
requesting the initial ranging process from the new BS using
the initial ranging information and the uplink information
received from the new BS.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The above and other objects, features, and advan-
tages of the present invention will be more clearly under-
stood from the following detailed description taken in con-
junction with the accompanying drawings, in which:

[0034] FIG. 1 is a block diagram illustrating a BWA
(Broadband Wireless Access) communication system using
an OFDM/OFDMA scheme;
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[0035] FIG. 2 is a diagram illustrating a downlink frame
structure for use in a BWA communication system using an
OFDM/OFDMA scheme;

[0036] FIG. 3 is a diagram illustrating an uplink frame
structure for use in a BWA communication system using an
OFDM/OFDMA scheme,

[0037] FIG. 4 is a block diagram illustrating a BWA
communication system using an OFDM/OFDMA scheme in
accordance with a preferred embodiment of the present
invention;

[0038] FIG. 5 is a flow chart illustrating an initial ranging
process for use in the BWA communication system using the
OFDM/OFDMA scheme in accordance with a preferred
embodiment of the present invention;

[0039] FIG. 6 is a diagram illustrating an initial ranging
operation of the SS contained in a non-handoff area in the
BWA communication system using the OFDM/OFDMA
scheme in accordance with a preferred embodiment of the
present invention;

[0040] FIG. 7 is a diagram illustrating an initial ranging
operation of the SS contained in a handoff area in the BWA
communication system using the OFDM/OFDMA scheme
in accordance with a preferred embodiment of the present
invention;

[0041] FIG. 8 is a flow chart illustrating an initial ranging
process when the SS is positioned in the handoff area in the
BWA communication system using the OFDM/OFDMA
scheme in accordance with a preferred embodiment of the
present invention;

[0042] FIG. 9 is a flow chart illustrating operations of the
SS 800 illustrated in FIG. 8 in accordance with a preferred
embodiment of the present invention;

[0043] FIG. 10 is a flow chart illustrating operations of the
first BS 840 illustrated in FIG. 8 in accordance with a
preferred embodiment of the present invention; and

[0044] FIG. 11 is a block diagram illustrating an internal
configuration of the SS for performing inventive functions in
accordance with a preferred embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0045] Preferred embodiments of the present invention
will be described in detail herein below with reference to the
annexed drawings. In the drawings, the same or similar
elements are denoted by the same reference numerals even
though they are depicted in different drawings. In the
following description, a detailed description of known func-
tions and configurations incorporated herein will be omitted
when it may make the subject matter of the present invention
rather unclear.

[0046] FIG. 4 is a block diagram illustrating a BWA
communication system using an OFDM/OFDMA scheme in
accordance with a preferred embodiment of the present
invention.

[0047] Prior to describing the BWA communication sys-
tem illustrated in FIG. 4, it should be noted that the IEEE
802.16e communication system acting as a communication
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system for considering the SS’s mobility in the IEEE
802.16a communication system has not been developed yet.
Provided that the SS’s mobility is considered in the IEEE
802.16a communication system, it is possible to consider the
multi-cell structure and an SS’s handoff operation (i.e., a cell
selection operation) between the multi-cells. Therefore, the
present invention provides the IEEE 802.16¢ communica-
tion system as illustrated in FIG. 4. The IEEE 802.16e
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prior art, the DL._MAP message for use in the IEEE 802.16a
communication system is a message generated by consid-
ering only a single cell structure without consideration of the
SS’s mobility, such that the present invention must be
designed to add the handoff-associated information in an
additional field. A plurality of Es (Information Elements)
contained in the DL._MAP message containing the handoft-
associated information are shown in Table 4 below.

TABLE 4
Syntax Size Notes
DL_MAP_ Message_ Format( ){
Management Message Type=2 8 bits
PHY Synchronization Field Variable ~ See Appropriate PHY
specification
DCD Count 8 bits
Base Station ID 48 bits
Number of DL MAP Element n 16 bits
Number of Neighbor BS n 8 bits The number of added neighbor
BSs
for (k=1; k<=n; k++)
Neighbor list BS ID 48 bits IDs of neighbor list BSs
Neighbor Frequency 8 bits Frequencies of neighbor BSs
Neighbor Frame offset 8 bits Neighbor BSs’ frame offset
Idle HO support 1 bit Idle HO support or nonsupport of
neighbor BSs
Begin PHY Specific section { See Applicable PHY section
for (I=1; i<=n; i++) For each DL, MAP element 1 to n
DL_ MAP Information Element( ) Variable  See corresponding PHY
specification
if!(byte boundary) { 4 bits Padding to reach byte boundary

Padding Nibble
b

communication system acts as a BWA communication sys-
tem using the OFDM/OFDMA scheme.

[0048] Referring to FIG. 4, the IEEE 802.16e communi-
cation system includes a multi-cell structure, i.e., a plurality
of cells 400 and 450. More specifically, the IEEE 802.16e
communication system includes a first BS 410 for managing
the cell 400, a second BS 440 for managing the cell 450, and
a plurality of SSs 411, 413, 430, 451, and 453. Signal
transmission/reception among the BSs 410 and 440 and the
SSs 411, 413, 430, 451, and 453 is established using the
OFDM/OFDMA scheme. The SS 430 from among the SSs
411, 413, 430, 451, and 453 is positioned in a boundary (i.e.,
a handoff area) between the first cell 400 and the second cell
450. The IEEE 802.16¢ communication system can provide
the SS’s mobility on the condition that the handoff operation
for the SS 430 is supported.

[0049] In order to enable the IEEE 802.16e communica-
tion system not supporting the handoff operation for the SS
to support the handoff operation, the IEEE 802.16e com-
munication system must define a new MAC (Media Access
Control) management message, or must transmit handoff-
associated information needed to support the handoff opera-
tion to the SS using the DI._MAP message. For the conve-
nience of description, it is assumed that the present invention
provides the SS with the handoff-associated information
using the DL MAP message for use in the IEEE 802.16a
communication system. As previously stated above in the
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[0050] Referring to Table 4, the DL_MAP message
includes a Management Message Type field for indicating a
plurality of IEs; a PHY Synchronization field established in
response to a modulation or demodulation scheme applied to
a physical channel in order to perform synchronization
acquisition; a DCD count field for indicating count infor-
mation in response to a DCD message configuration varia-
tion containing a downlink burst profile; a Base Station ID
field for indicating a Base Station Identifier; and a Number
of DL._MAP Elements n field for indicating the number of
elements found after the Base Station ID. More specifically,
as shown in Table 4, the DI._MAP message includes hand-
off-associated information as mandatory information. In this
case, the handoff-associated information is contained in the
Number of Neighbor BS n field. The Number of Neighbor
BS n field is repeatedly recorded in association with the
number “n” of neighbor BSs that must be continuously
monitored to perform the handoff operation of the SS. The
Number of Neighbor BS n field includes a Neighbor list BS
ID field for indicating individual Base Station IDs of neigh-
bor BSs, a Neighbor Frequency field for indicating center
frequency information for use in individual neighbor BSs, a
Neighbor Frame Offset field for indicating individual frame
offset information of the neighbor BSs, and an Idle HO
support field for indicating idle handoft support or nonsup-
port information of individual neighbor BSs. In this case, the
frame offset field indicates the frame offset between the
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neighbor BSs when the IEEE 802.16e communication sys-
tem supports a soft handoff function instead of a hard
handoff function. The idle handoff field indicates a specific
handoff function indicating that the BS is re-selected on the
condition that the SS does not substantially establish a call
connection state with the BS. More specifically, the idle
handoff function is executed on the condition that there is no
real traffic. The DL_MAP message (not shown in Table 4)
includes information associated with ranging codes allo-
cated to individual ranging processes.

[0051] FIG. 5 is a flow chart illustrating an initial ranging
process for use in the BWA communication system using the
OFDM/OFDMA scheme in accordance with a preferred
embodiment of the present invention. Referring to FIG. 5,
the SS 500 monitors all of its own predetermined frequen-
cies upon receipt of a power-on signal, such that it detects a
pilot channel signal having a highest pilot CINR. It is
determined that SS 500 belongs to the specific BS 550 that
has transmitted the pilot channel signal with the highest pilot
CINR. The SS 500 receives a downlink frame preamble
from the BS 550, such that it acquires system synchroniza-
tion with the BS 550 at step 511. The aforementioned state
in which the SS 500 can acquire system synchronization
with the BS 550 upon receipt of the power-on signal is called
a System Determination State.

[0052] Upon establishing synchronization between the SS
500 and the BS 500, the SS 500 is transitioned from the
system determination state to an idle sub-state of an idle
state. The idle state is classified into an idle sub-state and an
access sub-state. The idle sub-sate and the access sub-state
will be described later. As stated above, upon synchronizing
the SS 500 and the BS 550, the BS 550 transmits the
DL_MAP message and the UCD message to the SS 500 at
step 513. The DL_MAP message includes information
shown in Table 4, for example, information associated with
ranging codes and handoff-associated information, etc. The
UCD message includes information shown in Table 3 of the
prior art, for example, a backoft value, etc. The BS 550 is
transitioned from a transmission start time of the DL MAP
message to the idle sub-state.

[0053] Upon receiving the DL_MAP message and the
UCD message from the BS 550, the SS 500 detects the
handoff-associated information contained in the DL._MAP
message, i.e., information associated with neighbor BSs, by
analyzing the Number of Neighbor BS n field having the
neighbor BSs associated information. More specifically, the
neighbor BSs-associated information includes neighbor list
BS ID information for indicating each BS ID information of
individual neighbor BSs, neighbor frequency information
for indicating center frequency information for use in indi-
vidual neighbor BSs, neighbor frame offset information for
indicating frame offset information of individual neighbor
BSs, and idle HO support information for indicating idle
handoff support or unsupport information of individual
neighbor BSs. The SS 500 stores the detected neighbor
BSs-associated information in its own internal memory at
step 515. The neighbor BSs-associated information can be
updated upon receiving the DL._MAP message. The SS 500
stores the neighbor BSs-associated information, and contin-
ues to monitor individual pilot channel signals of the neigh-
bor BSs, such that it continuously determines whether there
is a specific BS for transmitting a pilot channel signal
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stronger than the pilot channel signal of the BS 550 con-
trolling the SS 500 at step 517.

[0054] 1If the SS 500 detects the BS which has transmitted
the pilot channel signal stronger than the BS 550°s pilot
channel signal while monitoring individual pilot channel
signals of the neighbor BSs, it is determined that the SS 500
must be handed off. It should be assumed that the pilot
channel signal of the BS 550 to which the SS 500 belongs
is stronger than the pilot channel signals transferred from the
neighbor BSs in FIG. 5.

[0055] The BS 550 transmits the DL._MAP message, and
then transmits the UL_MAP message to the SS 500 at step
519. In this case, the DL_MAP message and the UL_MAP
message are substantially multiplexed to one downlink
frame and are then transmitted, such that their transmission
order may not be a sequential order but a simultaneous order.
It should be noted that FIG. 5§ sequentially illustrates the
DL_MAP message transmission and the UL_MAP message
transmission for the convenience of description.

[0056] Upon receiving the UL_MAP message from the BS
550, the SS 500 detects uplink-associated information con-
tained in the UL_MAP message, and stores the detected
uplink-associated information in the SS 500°s internal
memory at step 521. In this case, the uplink-associated
information can be updated upon receiving the UL_MAP
message. The SS 500 stores the uplink-associated informa-
tion, and transmits an initial ranging request message to the
BS 550 at step 523. Upon receiving the initial ranging
request message, the SS 500 is transitioned from the idle
sub-state to the access sub-state. In this case, the initial
ranging process establishes a correct time offset between the
SS 500 and the BS 550, and controls a transmission power.
The idle sub-state indicates a specific state ranging from a
transmission time at which the BS 550 transmits the
DL_MAP and UCD messages to a reception time of the
initial ranging request message.

[0057] The SS 500 transmits the initial ranging request
message, and at the same time operates a T3 timer. The T3
timer waits for an initial ranging response message acting as
a response message to the initial ranging request message to
be received from the BS 550 during a predetermined setup
time. For example, the predetermined setup time for waiting
for the initial ranging response message of the T3 timer may
be set to a maximum of 200 ms. Provided that the initial
ranging response message is not received even though the
T3 timer has expired, the SS 500 enters a waiting mode
during a predetermined time corresponding to a backoff
value contained in the UCD message, re-transmits the initial
ranging request message to the BS 550, and re-attempts the
initial ranging process at step 5285.

[0058] Upon receiving the initial ranging request message
from the SS 500, the BS 550 is transitioned from the idle
sub-state to the access sub-state. The BS 550 transmits the
initial ranging response message to the SS 500 upon receiv-
ing the initial ranging request message at step 527. In this
case, the access sub-state is a specific state ranging from the
initial ranging request message reception time of the BS 550
to the initial ranging request message transmission time of
the BS 550.

[0059] FIG. 6 is a diagram illustrating an initial ranging
operation of the SS located within a non-handoff area in the
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BWA communication system using the OFDM/OFDMA
scheme in accordance with a preferred embodiment of the
present invention. Referring to FIG. 6, the SS receives the
DL_MAP message, the UL_MAP message, and the UCD
message from a first BS (BS1) at step 611. The SS monitors
a plurality of neighbor BSs (e.g., six neighbor BSs) other
than its own current BS to perform a handoff operation, such
that the current BS of the SS is called the first BS for the
convenience of description.

[0060] Upon receiving the DIL_MAP message, the
UL_MAP message, and the UCD message from the first BS,
the SS transmits access probe for indicating physical layer
indicative data through which the initial ranging request
message is actually transmitted, to the first BS at step 613.
In this case, it should be noted that the access probe for
firstly transmitting the initial ranging request message is
called a first access probe denoted by Access Probe #1. The
SS operates the T3 timer simultaneously with transmitting
the first access probe, such that it waits for the initial ranging
response message associated with the first initial ranging
request message to be received from the first BS at step 615.
It is assumed that the T3 timer waits for a predetermined
time (e.g., a maximum of 200 ms). The SS operates the T3
timer, and at the same time continues to monitor six neigh-
bor BSs at step 617.

[0061] Provided that the initial ranging response message
is not received from the first BS before reaching an operation
termination time of the T3 timer, the SS waits for a prede-
termined time corresponding to a predetermined backoff
value at step 619. Because the SS is located in a non-handoff
area in FIG. 6, it cannot detect a BS capable of transmitting
a pilot channel signal stronger than a transmission pilot
channel signal of the first BS even though six neighbor BSs
are monitored, so that the SS continuously receives the
DL_MAP message, the UL_MAP message, and the UCD
message from the first BS at step 621. The waiting time (also
called a standby time) of the T3 timer and the other waiting
time, corresponding to the backoft value, result in an access
attempt interval at step 623. As a result, provided that the
initial ranging response message is received from the first
BS during the waiting time of the T3 timer, there is no need
for the SS to perform additional operations using the above
initial ranging process. It should be noted that FIG. 6
assumes a predetermined condition where the initial ranging
response message to the first initial ranging request message
is not received.

[0062] As described above, if the initial ranging response
message to the first initial ranging request message has not
been received during the waiting time of the T3 timer, the SS
transmits access probe data with a second initial ranging
request message to the first BS at step 625 after the lapse of
the waiting time corresponding to the backoft value. In this
case, it should be noted that the access probe for transmitting
the second initial ranging request message is called a second
access probe denoted by Access Probe #2. The transmission
power for transmitting the second access probe is deter-
mined to be higher than that of the first access probe by a
predetermined magnitude (i.e., a power step), in order to
solve a poor wireless channel environment between the first
BS and the SS.

[0063] The SS performs an operation of the access attempt
interval (ie., the T3 timer setup operation) at a time of
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transmitting the second access probe, such that it waits for
the initial ranging response message associated with the
second initial ranging request message to be received from
the first BS. Provided that the SS does not receive the initial
ranging response message associated with the second initial
ranging request message during the waiting time of the T3
timer, it performs consecutive operations such as a standby
operation in response to the predetermined backoff value at
step 627. In this case, the SS is located in a non-handoff area.
Although the SS monitors six neighbor BSs at step 631, it
cannot detect a BS capable of transmitting a pilot channel
signal stronger than a transmission pilot channel signal of
the first BS, so that the SS continuously receives the
DL_MAP message, the UL_MAP message, and the UCD
message from the first BS at step 629.

[0064] Provided that the initial ranging response message
to the second initial ranging request message is not received
even in a corresponding access attempt interval, the SS
transmits the access probe with a third initial ranging request
message to the first BS at step 633. In this case, it should be
noted that the access probe for transmitting the third initial
ranging request message is called a third access probe
denoted by Access Probe #3. The transmission power for
transmitting the third access probe is determined to be
higher than that of the second access probe by a predeter-
mined power step, in order to solve a poor wireless channel
environment between the first BS and the SS. The SS
performs an operation of the access attempt interval (i.c., the
T3 timer setup operation) at a time of transmitting the third
access probe, such that it waits for the initial ranging
response message associated with the third initial ranging
request message to be received from the first BS. Provided
that the SS does not receive the initial ranging response
message associated with the third initial ranging request
message during the waiting time of the T3 timer, it performs
consecutive operations such as a standby operation in
response to the predetermined backoff value at step 635.

[0065] FIG. 7 is a diagram illustrating an initial ranging
operation of the SS contained in a handoff area in the BWA
communication system using the OFDM/OFDMA scheme
in accordance with a preferred embodiment of the present
invention. Referring to FIG. 7, the SS receives the
DL_MAP message, the UL_MAP message, and the UCD
message from the first BS (BS 1) at step 711. The SS
monitors a plurality of neighbor BSs (e.g., six neighbor BSs)
other than its own current BS to perform a handoff opera-
tion, such that the current BS of the SS is called the first BS
for the convenience of description.

[0066] Upon receiving the DIL_MAP message, the
UL_MAP message, and the UCD message from the first BS,
the SS transmits access probe for indicating data of a
physical layer through which the initial ranging request
message is transmitted, to the first BS at step 713. In this
case, it should be noted that the access probe for transmitting
the first initial ranging request message is called a first
access probe denoted by Access Probe #1. The SS operates
the T3 timer simultaneously with transmitting the first
access probe, such that it waits for the initial ranging
response message associated with the first initial ranging
request message to be received from the first BS at step 715.
It is assumed that the T3 timer waits for a predetermined
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time (e.g., a maximum of 200 ms). The SS sets up the T3
timer, and at the same time continues to monitor six neigh-
bor BSs at step 717.

[0067] The SS is located in the handoff area in FIG. 7, and
it can detect a BS capable of transmitting a pilot channel
signal stronger than a transmission pilot channel signal of
the first BS when monitoring six neighbor BSs. In this case,
the BS capable of transmitting the pilot channel signal
stronger than the transmission pilot channel signal of the
first BS is called a second BS (BS 2). If the second BS has
been detected, the SS escapes from the waiting mode for
receiving the initial ranging response message associated
with the first initial ranging request message from the first
BS, and transmits the first access probe containing the first
initial ranging request message to the second BS at step 721.
In this case, the waiting time of the T3 timer results in an
access attempt interval at step 719. The first access probe’s
transmission power transmitted to the second BS is equal to
the other first access probe’s transmission power transmitted
to the first BS, thereby preventing the first access probe with
the increased transmission power from acting as an inter-
ference component associated with other signals when the
first access probe’s transmission power is unconditionally
increased by a power step and is transmitted. The SS can
receive the DL MAP message, the UL_MAP message, and
the UCD message from the second BS during the access
attempt interval 719 via a center frequency of the second BS
using neighbor BS information having been previously
received in the first BS. Therefore, the SS is synchronized
with the second BS, and can transmit the first access probe
to the second BS.

[0068] Again, the SS operates the T3 timer simultaneously
with transmitting the first access probe, such that it waits for
the initial ranging response message associated with the first
initial ranging request message to be received from the
second BS at step 723. The SS operates the T3 timer, and at
the same time continues to monitor six neighbor BSs at step
725. Because a specific BS capable of transmitting a pilot
channel signal stronger than a transrmission pilot channel
signal of the second BS is not detected even though the six
neighbor BSs have been monitored, the SS receives the
DL_MAP message, the UL_MAP message, and the UCD
message from the second BS at step 727. Provided that the
initial ranging response message is not received from the
second BS while the T3 timer is completely driven during
the time of 200 ms, the SS waits for a predetermined time
corresponding to a predetermined backoff value at step 719.
The waiting time of the T3 timer and the other waiting time
corresponding to the backoff value result in an access
attempt interval at step 731. Provided that the initial ranging
response message is received from the second BS during the
waiting time of the T3 timer, there is no need for the SS to
perform additional operations using the above initial ranging
process. It should be noted that FIG. 7 assumes a predeter-
mined condition where the initial ranging response message
to the first initial ranging request message is not received.

[0069] As described above, if the initial ranging response
message to the first initial ranging request message has not
been received during the waiting time of the T3 timer, the SS
transmits access probe data with a second initial ranging
request message to the second BS at step 733, after the lapse
of the waiting time corresponding to the backoff value. In
this case, it should be noted that the access probe for
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transmitting the second initial ranging request message is
called a second access probe denoted by Access Probe #2.
The transmission power for transmitting the second access
probe is determined to be higher than that of the first access
probe by the power step in order to solve a poor wireless
channel environment between the second BS and the SS.
The SS performs an operation of the access attempt interval
(i.e., the T3 timer setup operation) at a time of transmitting
the second access probe, such that it waits for the initial
ranging response message associated with the second initial
ranging request message to be received from the second BS.
Provided that the SS does not receive the initial ranging
response message associated with the second initial ranging
request message during the waiting time of the T3 timer, the
SS performs consecutive operations such as a standby
operation in response to the predetermined backoft value.

[0070] FIG. 8 is a flow chart illustrating an initial ranging
process when the SS is located in the handoff area in the
BWA communication system using the OFDM/OFDMA
scheme in accordance with a preferred embodiment of the
present invention. Referring to FIG. 8, the SS 800 is
powered on at step 811, and monitors all the frequency
bands having been previously allocated to the SS 800, such
that it detects a pilot channel signal having a highest signal
strength (i.e., the highest pilot CNR). It is determined that
the SS 800 currently belongs to the first BS (BS1) 840,
which has transmitted the pilot channel signal with the
highest pilot CINR. The SS 800 receives a downlink frame
preamble transmitted from the first BS 840, and establishes
synchronization acquisition with the first BS 840 at step 813.
If the synchronization acquisition has been established
between the SS 800 and the first BS 840, the first BS 840
transmits the DL_MAP message, the UL_MAP message,
and the UCD message to the SS 800 at steps 815, 817, and
819, respectively. In this case, the DL MAP message, the
UL_MAP message, and the UCD message are substantially
multiplexed to one downlink frame and are then transmitted,
such that their transmission order may not be a sequential
order but a simultaneous order. It should be noted that FIG.
8 sequentially illustrates the DL._MAP message transmis-
sion, the UL_MAP message transmission, and the UCD
message transmission for the convenience of description.

[0071] Upon receiving the DIL_MAP message, the
UL_MAP message, and the UCD message from the first BS
840, the SS continues to monitor neighbor BSs using the
handoff-associated information (i.e., neighbor BSs-associ-
ated information) contained in the DL_MAP message. The
SS 800 transmits the initial ranging request message to the
first BS 840 using uplink information contained in the
UL_MAP message and the ranging code information con-
tained in the DI, MAP message at step 821. The SS 800
operates the T3 timer simultaneously with transmitting the
initial ranging request message at step 823. In this case, the
T3 timer operates during a predetermined setup time, and
waits for the initial ranging response message associated
with the initial ranging request message to be received from
the first BS 840.

[0072] Provided that a specific BS (i.e., a second BS 880)
capable of transmitting a pilot channel signal stronger than
that of the first BS 840 during the operation time of the T3
timer at step 825, the SS 800 escapes from the waiting mode
for receiving the initial ranging response message from the
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first BS 840, and establishes synchronization acquisition
with the second BS 880 at step 827.

[0073] If the synchronization acquisition between the SS
800 and the second BS 880 has been established, the second
BS 880 transmits the DI._MAP message, the UL_MAP
message, and the UCD message to the SS 800 at steps 829,
831, and 833, respectively. The SS 800 having received the
DL_MAP message, the UL_MAP message, and the UCD
message from the second BS 880, continuously monitors
neighbor BSs using the handoff-associated information (i.e.,
neighbor BS-associated information) contained in the
DL_MAP message. The SS 800 transmits the initial ranging
request message to the second BS 880 using the uplink
information contained in the UL_MAP message and the
ranging code information contained in the DL_MAP mes-
sage at step 835. The SS 800 operates the T3 timer simul-
taneously with transmitting the initial ranging request mes-
sage at step 837. In this case, the T3 timer transmits the
initial ranging request message during a predetermined setup
time, and waits for the initial ranging response message
associated with the initial ranging request message to be
received from the second BS 880.

[0074] The first BS 840 cannot detect a specific state
where the SS 800 is handed off to the second BS 880, such
that it transmits the initial ranging response message asso-
ciated with the initial ranging request message of the SS 800
to the SS 800 at step 839. In this case, the first BS 840
assigns a CID (Connection ID) to the SS 800 at a time of
transmitting the initial ranging response message, transmits
the initial ranging response message, and operates a CID
timer to remove the CID when there is no response gener-
ated from the SS 800. The CID timer counts a predetermined
setup time. If the CID timer has expired after the lapse of the
predetermined setup time, the first BS 840 removes the CID
assigned to the SS 800 to prevent unnecessary radio
resources from being wasted. Accordingly, the SS 800 has
been handed off to the second BS 800, such that it cannot
detect the initial ranging response message transmitted from
the first BS 840 at step 843.

[0075] The second BS 880 transmits the initial ranging
response message associated with the initial ranging request
message of the SS 800 to the SS 800 at step 845. Provided
that the SS 800 is handed off to the other BS instead of the
second BS 880, the second BS 880 cannot detect the handoff
state of the SS 800. Therefore, the second BS 880 assigns a
CID to the SS 800, transmits the initial ranging response
message to the SS 800, and operates the CID timer to
remove the CID when there is no response generated from
the SS 800 at step 849. If there is no response generated from
the SS 800 while the CID timer expires during the setup
time, the second BS 880 removes the CID assigned to the SS
800 in the same way as in the first BS 840. The SS 800
detects the initial ranging response message transmitted
from the second BS 880 in such a way that the initial ranging
process is completed at step 847.

[0076] FIG. 9 is a flow chart illustrating operations of the
SS 800 illustrated in FIG. 8 in accordance with a preferred
embodiment of the present invention. Referring to FIG. 9,
the SS 800 is powered on at step 911 and monitors all the
frequency bands having been previously allocated to the SS
800, such that it detects a pilot channel signal having the
highest signal strength (i.e., the highest pilot CINR) at step
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913. It is determined that the SS 800 currently belongs to the
first BS 840, which has transmitted the pilot channel signal
with the highest pilot CINR. The SS 800 receives a downlink
frame preamble transmitted from the first BS 840, and
establishes synchronization acquisition with the first BS
840. The SS determines whether a downlink message is
received from the first BS at step 915. In this case, the
downlink message is composed of the DI MAP message,
the UL_MAP message, and the UCD message being cur-
rently broadcast by the first BS 840.

[0077] Upon receiving the downlink message from the
first BS 840, the SS 800 goes to step 917. In step 917, the
SS 800 analyzes a variety of messages acting as the down-
link message, for example, the DL MAP message, the
UL_MAP message, and the UCD message, detects neighbor
BSs-associated information, the uplink-associated informa-
tion, and the system information, and updates the detected
information.

[0078] The SS 800 transmits the initial ranging request
message to the first BS 840 using the updated information at
step 919. The SS 800 operates the T3 timer by transmitting
the initial ranging request message at step 921, and monitors
a plurality of neighbor BSs (e.g., six neighbor BSs) corre-
sponding to the updated neighbor BSs-associated informa-
tion at step 923. In this case, although the operation start
time of the T3 timer is substantially equal to the monitoring
start time of the neighbor BSs, it should be noted that the
operation start time of the T3 timer and the monitoring start
time of the neighbor BSs will be described sequentially for
the convenience of description.

[0079] In step 925, the SS 800 determines whether a new
BS to be handed off from among the monitored neighbor
BSs is detected. The new BS to be handed off is a specific
BS capable of transmitting a pilot channel signal stronger
than a transmission pilot channel signal received from the
first BS 840. For example, it is assumed that the new BS to
be handed off is called a second BS 880.

[0080] Provided that the new BS to be handed off has been
detected from among the neighbor BSs, the SS 800 proceeds
to step 927, where the SS 800 establishes synchronization
acquisition with the new BS (i.e., the second BS 880), and
then returns to step 915, such that it repeats the aforemen-
tioned operations associated with the second BS 880 at step
915.

[0081] However, if no new BS to be handed off has been
detected from among neighbor BSs at step 925, the SS 800
determines whether the initial ranging response message is
received from the first BS 840 at step 929. If it is determined
that the initial ranging response message has been received
from the first BS 840 at step 929, the SS 800 determines that
the initial ranging process has succeeded upon receiving the
initial ranging response message at step 931, such that it
terminates overall programs.

[0082] If it is determined that the initial ranging response
message has not been received from the first BS 840 at step
929, the SS 800 determines whether the T3 timer has expired
at step 933. If it is determined that the T3 timer has not
expired, the SS 800 returns to step 923. However, if it is
determined that the T3 timer has completed operation at step
933, the SS 800 determines that the initial ranging request
message has resulted in a transmission failure, such that it
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re-transmits the initial ranging request message to the first
BS 840 at a transmission power increased by a predeter-
mined power step at step 935. After the initial ranging
request message has been re-transmitted, the SS 800 returns
to step 923 and the procedures are the same as in the initial
transmission case of the initial ranging request message.

[0083] FIG. 10 is a flow chart illustrating operations of the
first BS 840 illustrated in FIG. 8 in accordance with a
preferred embodiment of the present invention. Prior to
describing FIG. 10 in detail, although the first BS 840 and
the second BS 880 are substantially operated in the same
manner, it should be noted that only the first BS 840 will
hereinafter be disclosed for illustrative purposes for the
convenience of description.

[0084] Referring to FIG. 10, the first BS 840 transmits the
DL_MAP message, the UL_MAP message, and the UCD
message via a downlink at step 1011. The first BS 840
determines whether the initial ranging request message is
received from a SS (e.g., the SS 800) at step 1013. When it
is determined that the initial ranging request message has
been received from the SS 800, the first BS 840 assigns a
CID to the SS 800. The first BS 840 transmits the initial
ranging response message associated with the initial ranging
request message to the SS 800 at step 1017. If the first BS
840 has transmitted the initial ranging response message at
step 1017, it begins to operate the CID timer at step 1019,
and the proceeds to step 1021.

[0085] The first BS 840 determines whether there is a
response generated from the SS 800 at step 1021 in order to
determine whether any signal is received from the SS 800
after the initial ranging response message has been trans-
mitted. If it is determined that a response signal has been
generated from the SS 800 at step 1021, the first BS 840
resets the CID timer at step 1023, and returns to step 1011.
However, if it is determined that there is no response
generated from the SS 800 at step 1021, the first BS 840
determines whether the CID timer has expired at step 1025.

[0086] If it is determined that the CID timer has not
expired in step 1025, the first BS 840 returns to step 1021.
If it is determined that the CID timer has expired at step
1025, the first BS 840 resets the CID timer at step 1027, and
returns to step 1011.

[0087] FIG. 11 is a block diagram illustrating an internal
configuration of the SS for performing inventive functions in
accordance with a preferred embodiment of the present
invention. Prior to describing FIG. 11 in detail, it should be
noted that the SS is powered on, and monitors all the
frequency bands having been previously allocated to the SS,
such that it detects a pilot channel signal having the highest
signal strength (i.e., the highest pilot CINR). It is determined
that the SS currently belongs to a specific BS, which has
transmitted the pilot channel signal with the highest pilot
CINR. As aresult, if the SS is synchronized with the specific
BS, it receives the DL_MAP message from the specific BS,
and recognizes neighbor BSs-associated information on the
basis of the DL_MAP message. FIG. 11 illustrates opera-
tions performed after the SS has recognized the neighbor
BSs-associated information.

[0088] Referring to FIG. 11, upon receiving a pilot chan-
nel signal from an antenna 1111, the received pilot channel
signal is transmitted to a matched filter 1113. The matched
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filter 1113 performs a matching-filtering process on the
received pilot channel signal according to the current BS-
associated information of the SS and the neighbor BSs-
associated information, and outputs the matching-filtering
result to a pilot strength comparator 1115. In this case, the
matched filter 1113 performs a matching-filtering process on
a center frequency of the current BS of the SS and individual
center frequencies of the neighbor BSs (e.g., six neighbor
BSs). The aforementioned operations of the matched filter
1113 can be denoted by Frequency Searching and Detection
for N, wherein N=Number of Frequency of neighbor BSs.

[0089] The pilot strength comparator 1115 receives match-
ing-filtered pilot channel signals from the matched filter
1113. More specifically, the pilot strength comparator 1115
receives a matching-filtered pilot channel signal of the
current BS of the SS and individual matching-filtered pilot
channel signals of the neighbor BSs from the matched filter
1113, and compares the strengths of the received signals
with each other. The pilot strength comparator 1115 trans-
mits center frequency information corresponding to the
matching-filtered pilot channel signal having the highest
signal strength to an synchronization acquirer 1117.

[0090] The synchronization acquirer 1117 establishes syn-
chronization with the output signal of the pilot strength
comparator 1115 in response to the center frequency infor-
mation, and outputs the synchronization result to a timing
controller 1119. The timing controller 1119 controls a real
time offset using the output information of the synchroni-
zation acquirer 1117, and outputs the time-offset control
result to a channel estimator 1121. The channel estimator
1121 receives the output signal of the timing controller 1119,
and performs channel estimation on the received signal.

[0091] As is apparent from the above description, the
present invention provides a BWA communication system
using an OFDM/OFDMA scheme, such that it can perform
an idle handoff operation using an initial ranging process of
the IEEE 802.16e communication system, resulting in a
guarantee of the SS’s mobility. Therefore, the present inven-
tion guarantees a high transfer rate and provides free mobil-
ity to the IEEE 802.16e communication system.

[0092] Although the preferred embodiments of the present
invention have been disclosed herein for illustrative pur-
poses, those skilled in the art will appreciate that various
modifications, additions, and substitutions are possible,
without departing from the scope and spirit of the present
invention as disclosed in the accompanying claims.

What is claimed is:

1. A base station (BS) handoff method using an initial
ranging process in a communication system for use with an
OFDM (Orthogonal Frequency Division Multiplexing)
scheme, comprising the steps of:

a) broadcasting neighbor BS information, downlink infor-
mation including initial ranging information, and
uplink information, to a plurality of SSs (Subscriber
Stations) located within a cell controlled by the BS;

b) upon receiving an initial ranging request from a SS
from among the plurality of SSs, transmitting an initial
ranging response associated with the initial ranging
request to the SS;
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¢) determining whether a response generated from the SS
is generated during a predetermined setup time after
transmitting the initial ranging response; and

d) determining whether the SS is handed off based on the

determined result.

2. The method as set forth in claim 1, wherein the
neighbor BS information comprises information indicating a
number of the neighbor BSs, BS ID information indicating
individual neighbor BSs, and individual center frequencies
of the neighbor BSs.

3. The method as set forth in claim 2, wherein the
neighbor BS information further comprises information
indicating whether an individual neighbor BS supports a
handoff operation using the initial ranging process, and
individual frame offsets of the neighbor BSs.

4. The method as set forth in claim 1, wherein the step of
determining whether the SS is handed off based on the
determined result comprises the step of determining that the
SS has been handed off, if there is no response generated
from the SS during the setup time.

5. The method as set forth in claim 4, further comprising
the step of canceling a call connection state with the SS, if
it is determined that the SS has been handed off.

6. An SS (Subscriber Station) handoff method in a com-
munication system using an OFDM (Orthogonal Frequency
Division Multiplexing), comprising the steps of:

a) receiving neighbor BS (Base Station) information of a
plurality of neighbor BSs associated with a plurality of
cells adjacent to a cell and uplink-associated informa-
tion needed for transmitting data from the SS to a first
BS, from the first BS for controlling the cell currently
containing the SS;

b) requesting synchronization information needed for
synchronizing the SS and the first BS, from the first BS;

¢) monitoring the plurality of neighbor BSs according to
the neighbor BS information associated with the plu-
rality of neighbor BSs; and

d) establishing a handoff with a second BS, which is one
of the plurality of neighbor BSs based on the monitored
result.

7. The method as set forth in claim 6, wherein the
neighbor BS information comprises information indicating a
number of the neighbor BSs, BS ID information indicating
individual neighbor BSs, and individual center frequencies
of the neighbor BSs.

8. The method as set forth in claim 7, wherein the
neighbor BS information further comprises information
indicating whether an individual neighbor BS supports a
handoff operation using the synchronization information,
and individual frame offsets of the neighbor BSs.

9. The method as set forth in claim 6, wherein the step (c)
for monitoring the neighbor BSs comprises the step of:

c¢1) monitoring individual strengths of pilot channel sig-
nals received from the neighbor BSs.
10. The method as set forth in claim 9, wherein the step
(d) for detecting the second BS to be handed off comprises
the step of:

d1) if there is a specific strength that is higher than that of
a pilot channel signal received from the first BS in the
strengths of the pilot channel signals received from the
neighbor BSs, determining that a neighbor BS that has

Sep. 9, 2004

transmitted a pilot channel signal corresponding to the
specific strength is determined to be the second BS to
be handed off.
11. The method as set forth in claim 6, further comprising
the step of:

e) if the specific state where the handoff state must be
established with the second BS has been detected,
controlling the SS not to wait for a response associated
with the synchronization information request to be
received from the first BS.

12. The method as set forth in claim 6, further comprising

the step of:

e) if the specific state where the handoff state must be
established with the second BS has been detected,
requesting synchronization information needed for syn-
chronizing the SS and the second BS, from the second
BS.

13. The method as set forth in claim 12, further compris-

ing the step of:

f) if the response associated with the synchronization
information request is not received from the second BS
during a predetermined setup time, re-requesting the
synchronization information from the second BS, after
the lapse of a predetermined time corresponding to a
predetermined backoff value.

14. The method as set forth in claim 13, wherein the step
(f) for re-requesting the synchronization information asso-
ciated with the second BS comprises the step of using a
transmission power that is higher than an initial transmission
power used at a time of initially requesting the synchroni-
zation information associated with the second BS by a
predetermined setup value.

15. A handoff method using an initial ranging process
when an SS (Subscriber Station) is handed off from a first
BS (Base Station) to which the SS currently belongs to a
second BS in a communication system using an OFDM
(Orthogonal Frequency Division Multiplexing) scheme,
comprising the steps of:

a) broadcasting, from the first BS and the second BS,
neighbor BS information, downlink information
including initial ranging information, and uplink infor-
mation allocated to the SS;

b) receiving, by the SS, the downlink information and the
uplink information broadcast from the first BS;

¢) requesting, by the SS, an initial ranging process from
the first BS using the initial ranging information and the
uplink information;

¢) monitoring neighbor BSs in response to the neighbor
BS information received from the first BS;

d) receiving the downlink information and the uplink
information broadcast from the second BS, when a
specific state where a handoff state must be established
with the second BS from among the neighbor BSs is
detected during the monitoring time of the neighbor
BSs; and

¢) requesting the initial ranging process from the second

BS using the initial ranging information and the uplink
information received from the second BS.

16. The method as set forth in claim 15, wherein the

neighbor BS information comprises information indicating a
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number of the neighbor BSs, BS ID information indicating
individual neighbor BSs, and individual center frequencies
of the neighbor BSs.

17. The method as set forth in claim 16, wherein the
neighbor BS information further comprises information
indicating whether an individual neighbor BS supports a
handoff operation using the initial ranging process, and
individual frame offsets of the neighbor BSs.

18. The method as set forth in claim 15, wherein the step
of monitoring the neighbor BSs comprises the step of
monitoring individual strengths of pilot channel signals
received from the neighbor BSs.

19. The method as set forth in claim 18, further compris-
ing, if there is a specific pilot channel signal that is stronger
than a pilot channel signal received from the first BS in the
pilot channel signals received from the neighbor BSs, deter-
mining that a BS having transmitted the pilot channel signal
stronger than the pilot channel signal received from the first
BS is the second BS to be handed off to.

20. The method as set forth in claim 15, wherein the step
of requesting the initial ranging process from the second BS
is executed at a same transmission power as in the initial
ranging request step associated with the first BS.

21. The method as set forth in claim 15, further compris-
ing the step of:

f) if a response associated with the initial ranging request
is not received from the second BS during a predeter-
mined setup time, re-requesting the initial ranging
process from the second BS after a lapse of a prede-
termined time corresponding to a predetermined back-
off value.

22. The method as set forth in claim 21, wherein the step
of re-requesting the initial ranging process associated with
the second BS comprises the step of using a transmission
power that is higher than an initial transmission power used
at a time of initially requesting the initial ranging process
associated with the second BS by a predetermined setup
value.

23. The method as set forth in claim 15, further compris-
ing the steps of:

f) if the first BS detects the initial ranging request,
transmitting an initial ranging response answering the
initial ranging request, to the SS;

) determining whether a response by the SS is generated
during a predetermined setup time, after the initial
ranging response has been transmitted; and

h) determining whether the SS is handed off according to
the determination result from step g).

24. The method as set forth in claim 23, wherein the step

of determining if the SS is handed off comprises the step of:

if there is no response generated from the SS during the
setup time, determining that the SS has been handed

off.
25. The method as set forth in claim 23, wherein the step
of determining if the SS is handed off comprises the step of:

if it is determined that the SS has been handed off,
canceling a call connection state with the SS by the first
BS.
26. A handoff apparatus using an initial ranging process in
a communication system using an OFDM (Orthogonal Fre-
quency Division Multiplexing) scheme, comprising:
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a BS (Base Station) for broadcasting neighbor BS infor-
mation, downlink information including initial ranging
information, and uplink information allocated to a
plurality of SSs (Subscriber Stations) to the SSs located
within in a cell, and transmitting an initial ranging
response for answering an initial ranging request, upon
receiving the initial ranging request from a SS from
among the SSs; and

an SS for receiving the downlink information and the
uplink information broadcast from the BS, requesting
an initial ranging process from the BS using the
received initial ranging information and uplink infor-
mation, monitoring neighbor BSs in response to the
neighbor BS information, determining whether a hand-
off state must be established with a new BS from
among the neighbor BSs, receiving downlink and
uplink information broadcast from the new BS, if it is
determined that the handoff state must be established
with the new BS, and requesting the initial ranging
process from the new BS using the initial ranging
information and the uplink information received from
the new BS.

27. The apparatus as set forth in claim 26, wherein the
neighbor BS information comprises information indicating
the number of neighbor BSs, BS ID information indicating
individual neighbor BSs, and individual center frequencies
of the neighbor BSs.

28. The apparatus as set forth in claim 27, wherein the
neighbor BS information further comprises information
indicating whether an individual neighbor BS supports a
handoff operation using the initial ranging process, and
individual frame offsets of the neighbor BSs.

29. The apparatus as set forth in claim 26, wherein the SS
monitors the neighbor BSs by monitoring individual
strengths of pilot channel signals received from the neighbor
BSs.

30. The apparatus as set forth in claim 29, wherein the SS,
if there is a specific pilot channel signal stronger than
another pilot channel signal received from the BS in the
strengths of the pilot channel signals received from the
neighbor BSs, determines that a BS that has transmitted the
specific pilot channel signal is to be the new BS to be handed
off to.

31. An SS (Subscriber Station) handoff method using an
initial ranging process in a communication system using an
OFDM (Orthogonal Frequency Division Multiplexing)
scheme, comprising the steps of:

a) receiving neighbor BS information broadcast from a
first BS to which the SS currently belongs, downlink
information including initial ranging information, and
uplink information allocated to the SS;

b) requesting an initial ranging process from the first BS
using the initial ranging information and uplink infor-
mation received from the first BS;

¢) monitoring the neighbor BSs in response to the neigh-
bor BS information;

d) if a specific state where a handoff state must be
established with a second BS from among the neighbor
BSs is detected during the monitoring of the neighbor
BSs, receiving downlink information and uplink infor-
mation broadcast from the second BS; and
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¢) requesting an initial ranging process from the second
BS using the initial ranging information and the uplink
information received from the second BS.

32. The method as set forth in claim 31, wherein the
neighbor BS information comprises information indicating a
number of the neighbor BSs, BS ID information indicating
individual neighbor BSs, and individual center frequencies
of the neighbor BSs.

33. The method as set forth in claim 32, wherein the
neighbor BS information further comprises information
indicating whether an individual neighbor BS supports a
handoff operation using the initial ranging process, and
individual frame offsets of the neighbor BSs.

34. The method as set forth in claim 31, wherein the of
monitoring the neighbor BSs comprises the step of:

c¢1) monitoring individual strengths of pilot channel sig-
nals received from the neighbor BSs.
35. The method as set forth in claim 34, wherein the step
of detecting the specific state where the handoff state must
be established with the second BS includes the step of:

d1l) if there is a pilot channel signal stronger than a
received pilot channel signal received from the first BS
in the pilot channel signals received from the neighbor
BSs, determining that a BS that has transmitted a pilot
channel signal corresponding to the specific strength is
the second BS to be handed off to.
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36. The method as set forth in claim 31, further compris-
ing the step of:

f) if the specific state where the handoff state must be
established with the second BS is detected, controlling
the SS not to wait for an initial ranging response to be
received from the first BS.

37. The method as set forth in claim 31, wherein the step
of requesting the initial ranging process associated with the
second BS is executed at a same transmission power as in
the initial ranging request step associated with the first BS.

38. The method as set forth in claim 31, further compris-
ing the step of:

f) if the initial ranging response is not received from the
second BS during a predetermined setup time, re-
requesting the initial ranging request from the second
BS after a lapse of a predetermined time corresponding
to a predetermined backoff value.

39. The method as set forth in claim 38, wherein the of

re-requesting the initial ranging process associated with the
second BS comprises the step of:

f1) using a transmission power that is higher than an
initial transmission power used at a time of initially
requesting the initial ranging process associated with
the second BS by a predetermined setup value.
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