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57 ABSTRACT

Methods and apparatus are provided for requesting uplink
Bandwidth (BW) over a BW Request (REQ) channel in an
Orthogonal Frequency Division Multiple Access (OFDMA)
communication system. A BW REQ indicator is transmitted
with a BW REQ message over the BW REQ channel from a
Mobile Station (MS) to a Base Station (BS) to request an
uplink resource for uplink traffic of a delay sensitive service.
A grant of the requested uplink resource is received from the
BS inaccordance with the transmitted BW REQ indicator and
the BW REQ message. The uplink traffic is transmitted from
the MS to the BS using the granted uplink resource.

28 Claims, 4 Drawing Sheets
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METHOD AND APPARATUS FOR
TRANSMITTING AND RECEIVING UPLINK
BANDWIDTH REQUEST INFORMATION IN
WIRELESS COMMUNICATION SYSTEM

PRIORITY

This application claims priority under 35 U.S.C. §119(e) to
provisional applications filed in the U.S. Patent and Trade-
mark Office on Jun. 19, 2009, Jul. 6, 2009, and Jul. 14, 2009
and assigned Ser. Nos. 61/218,614, 61/223,274, and 61/225,
365, respectively, the contents of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a Bandwidth
(BW) Request (REQ) channel in an Orthogonal Frequency
Division Multiple Access (OFDMA) communication system,
and more particularly, to transmission, reception and modu-
lation methods of a BW REQ channel used by a Mobile
Station (MS) to request an uplink BW from a Base Station
(BS).

2. Description of the Related Art

Conventional OFDMA systems utilize a multiple access
scheme in which the BS schedules and allocates time/fre-
quency/space resources to multiple MSs using a scheduler.
When using the multiple access scheme, it is necessary for the
BS scheduler to strictly manage the resources in order to
prevent a collision of resources in the OFDMA channel.
When an MS generates uplink traffic for transmission to the
BS, the MS is first required to request that the BS allocate
bandwidth resources for the transmission of the uplink traffic.
When an MS has not yet been allocated an uplink resource
when a request is required to be made, a resource that is
accessible by every MS is typically used to request the uplink
bandwidth.

An example of a BW REQ signaling procedure in an IEEE
802.16e system is illustrated in FIG. 1. The procedure begins
at step 102, in which the MS randomly selects one of a
plurality of BW REQ ranging codes, and transmits the
selected ranging code to the BS using the time/frequency/
space resource previously allocated to the BW REQ channel
or the resource accessible by every MS. In step 104, the BS
detects the transmission of the BW REQ ranging code, and
determines whether the transmitted BW REQ ranging code is
one of the BW REQ ranging codes that are transferable in the
BW REQ channel. Upon a positive determination of the BW
REQ ranging code, the BS allocates an uplink resource of a
pre-defined size to the MS based on a broadcast identifier
(ID). The size of the allocated uplink resource is pre-defined
between the BS and the MS according to the BW REQ rang-
ing code.

In step 106, when the uplink resource is allocated by the BS
in response to the BW REQ ranging code, the MS transmits
BW REQ information including a corresponding MS-ID, or
alternatively a Connection or Station ID (CID or SID), and a
requested uplink resource corresponding to a bandwidth
required to deliver the uplink traffic in a BW REQ message.
The BW REQ message is transmitted according to a desig-
nated format, such as a BW REQ header. Accordingly, it is
necessary for the uplink resource allocated in step 104 to have
a pre-defined size capable of delivering the designated for-
mat.

In step 108, the BS acquires the BW REQ message, includ-
ing the MS-ID (or the CID or SID) and the requested uplink
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resource by decoding the BW REQ header. The BS reflects
the BW REQ information in an uplink scheduler and grants
another uplink resource to the MS in accordance with a size
requested by the MS at a point in time permitted by the
scheduler.

In step 110, when the uplink resource is granted, the MS
transmits the uplink traffic that was stored in a queue of the
MS. When additional uplink resources are required, the MS
can piggyback BW REQ message to the allocated resource
without having to repeat the BW REQ signaling procedure
from step 102.

The conventional BW REQ signaling procedure described
above requires five steps of signaling between the MS and the
BS, and is commonly referred to as the five-step BW REQ
signaling procedure. Each signaling step requires encoding/
decoding and contention resolution, thereby requiring more
than one frame. Thus, it is difficult for the five-step BW REQ
signaling procedure to support delay sensitive Real-Time
(RT) services, which require transmission as soon as possible
after the uplink traffic is generated.

SUMMARY OF THE INVENTION

The present invention has been made to address at least the
above problems and/or disadvantages and to provide at least
the advantages described below. Accordingly, an aspect of the
present invention provides methods and apparatuses for
requesting and allocating uplink BW overa BW REQ channel
in an OFDMA communication system.

According to one aspect of the present invention, a method
is provided for requesting uplink Bandwidth (BW) overa BW
Request (REQ) channel in an Orthogonal Frequency Division
Multiple Access (OFDMA) communication system. A BW
REQ indicator is transmitted with a BW REQ message over
the BW REQ channel from a Mobile Station (MS) to a Base
Station (BS) to request an uplink resource for uplink traffic of
a delay sensitive service. A grant of the requested uplink
resource is received from the BS in accordance with the
transmitted BW REQ indicator and the BW REQ message.
The uplink traffic is transmitted from the MS to the BS using
the granted uplink resource.

According to another aspect of the present invention, a
method is provided for allocating uplink Bandwidth (BW)
over a BW Request (REQ) channel in an Orthogonal Fre-
quency Division Multiple Access (OFDMA) communication
system. It is determined whether a BW REQ indicator with a
BW REQ message are received at a Base Station (BS) from a
Mobile Station (MS) over the BW REQ channel as a request
for an uplink resource for uplink traffic of a delay sensitive
service. The requested uplink resource is allocated in accor-
dance with the received BW REQ indicator and the BW REQ
message. The uplink traffic is received at the BS from the MS
using the allocated uplink resource.

According to an additional aspect of the present invention,
a Mobile Station (MS) is provided for requesting uplink
Bandwidth (BW) over a BW Request (REQ) channel in an
Orthogonal Frequency Division Multiple Access (OFDMA)
communication system. The MS includes a transmitter for
transmitting a BW REQ indicator with a BW REQ message
overthe BW REQ channel to a Base Station (BS) to request an
uplink resource for uplink traffic of a delay sensitive service,
and transmitting the uplink traffic to the BS using a granted
uplink resource. The MS also includes a receiver for receiving
a grant of the requested uplink resource from the BS in accor-
dance with the BW REQ indicator and the BW REQ message.

According to a further aspect of the present invention, a
Base Station (BS) is provided for allocating uplink Band-
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width (BW) over a BW Request (REQ) channel in an
Orthogonal Frequency Division Multiple Access (OFDMA)
communication system. The BS includes receiver for receiv-
ing a BW REQ indicator and a BW REQ message from a
Mobile Station (MS) over the BW REQ channel as a request
for an uplink resource for uplink traffic of a delay sensitive
service, and receiving uplink traffic from the MS using an
allocated uplink resource. The BS also includes a processor
for determining whether the BW REQ indicator with the BW
REQ message is properly received from the MS. The BS
further includes an allocator for allocating the requested
uplink resource in accordance with the BW REQ indicator
and the BW REQ message.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and advantages of the
present invention will be more apparent from the following
description when taken in conjunction with the accompany-
ing drawings, in which:

FIG. 1 is a diagram illustrating a five-step BW REQ sig-
naling procedure in an IEEE 802.16e system;

FIG. 2 is a diagram illustrating a three-step BW REQ
signaling procedure, according to an embodiment of the
present invention;

FIG. 3 is a diagram illustrating a combined three-step and
five-step BW REQ signaling procedure, according to an
embodiment of the present invention;

FIG. 4 is a diagram illustrating the physical structure of a
BW REQ channel supporting the combined three-step and
five-step BW REQ signaling procedure, according to an
embodiment of the present invention; and

FIG. 5 is a diagram illustrating an MS and a BS in a
wireless communication system, according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE PRESENT INVENTION

Embodiments of the present invention are described in
detail with reference to the accompanying drawings. The
same or similar components may be designated by the same
or similar reference numerals although they are illustrated in
different drawings. Detailed descriptions of constructions or
processes known in the art may be omitted to avoid obscuring
the subject matter of the present invention.

The terms and words used in the following description and
claims are not limited to their dictionary meanings, but are
merely used to enable a clear and consistent understanding of
the invention. Accordingly, it should be apparent to those
skilled in the art that the following description of embodi-
ments of the present invention are provided for illustrative
purposes only and not for the purpose of limiting the inven-
tion, as defined by the appended claims and their equivalents.

It is to be understood that the singular forms “a,” “an,” and
“the” include plural referents unless the context clearly dic-
tates otherwise. Thus, for example, reference to “an identi-
fier” includes reference to one or more of such identifiers.

In order to properly support delay sensitive Real-Time
(RT) services, the latency of the five-step BW REQ signaling
procedure needs to be reduced. Latency reduction can be
achieved through a reduction of the number of steps involved
in the BW REQ signaling procedure. FIG. 2 is a diagram
illustrating a three-step BW REQ signaling procedure,
according to an embodiment of the present invention.

The procedure of FIG. 2 begins at step 202, where the MS
transmits at least a portion of the BW REQ information
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4

through the BW REQ channel as a BW REQ message using a
predefined format. The BW REQ information relates to an
MS-ID (or CID or SID), a type of uplink traffic for transmis-
sion, and a requested uplink resource relating to bandwidth
size.

In step 204, the BS decodes the BW REQ message. When
a contention does not occur between BW REQ messages of
multiple MSs, the BS acquires the MS-ID (or CID or SID)
and the size of the requested uplink resource using informa-
tion decoded from the BW REQ message. The BS reflects this
information in the uplink scheduler and grants an uplink
resource in accordance with a size requested by the MS at a
point in time permitted by the scheduler. In reflecting the
information, the BS transmits information decoded from the
BW REQ message to the uplink scheduler. Accordingly, the
uplink scheduler grants an uplink resource to the MS.

In step 206, when the uplink resource is granted, the MS
transmits uplink traffic that was stored in a queue of the MS.
When additional uplink resources are required, the MS can
piggyback the BW REQ information to the allocated resource
without having to repeat the procedure from step 202.

Compared to the conventional five-step BW REQ signal-
ing procedure, the above-described three-step signaling pro-
cedure is more efficient in supporting a delay sensitive RT
service. However, the BS in the three-step signaling proce-
dure cannot decode BW REQ messages when multiple MSs
concurrently send a BW REQ message. The five-step signal-
ing procedure is capable of processing all BW REQ informa-
tion of multiple MSs within one BW REQ channel unless the
multiple MSs select the same BW REQ ranging code. When
employing multiple receive antennas in conjunction with the
three-step signaling procedure, the BS is able to decode mul-
tiple BW REQ messages using a MIMO channel technique.
However, since the maximum number of the decodable mes-
sages is limited to the number of receive antennas of the BS,
the contention probability still remains greater than the five-
step BW REQ signaling procedure and considerably
increases decoder complexity in the BS.

Referring now to FIG. 3, a diagram illustrates a combined
three-step and five-step BW REQ signaling procedure,
according to an embodiment of the present invention. The
combined signaling procedure provides the advantages of
both BW REQ signaling procedures. The contention prob-
ability is lowered due to the fact that MSs attempt the three-
step BW REQ signaling procedure for delay sensitive ser-
vices, such as RT services, and attempt the five-step BW REQ
signaling procedure for non-delay-sensitive services, such as
Non Real-Time (NRT) services. RT services include Voice
over Internet Protocol (VoIP) packets, time-urgent packets
like streaming video, and an Acknowledgement for Transmis-
sion Control Protocol (TCP ACK) in the RT services. Ser-
vices other than the RT services may be referred to the NRT
services, such as Best Effort (BE), for example.

The procedure of FIG. 3 begins at step 302, in which the
BW REQ channel is divided into two regions for delivering a
BW REQ indicator and a BW REQ message. The MS selects
one of the plurality of BW REQ ranging codes and transmits
the selected ranging code as the BW REQ indicator. The BW
REQ indicator may be referred to as a BW REQ preamble. If
the service of the uplink traffic for which the MS is requesting
transmission is an RT service, or a service type pre-classified
as a delay sensitive service, the BW REQ message is trans-
mitted with the BW REQ indicator in a predefined format.
Specifically, at least a portion of information relating to an
MS-ID (or Connection or Station ID), a type of uplink traffic
for transmission, and a requested uplink resource relating to a
size of the bandwidth are transmitted together over the region
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allocated for the BW REQ message. If the uplink traffic is an
NRT service, such as BE, only the BW REQ indicator is
transmitted. The BW REQ message may be referred to as a
quick access message.

In step 304, the BS detects reception of the BW REQ
ranging code transmitted in the BW REQ indicator region of
the BW REQ channel, and examines whether the transmitted
ranging code is one of the plurality of ranging codes that may
be transmitted in the BW REQ channel. When reception of a
particular BW REQ ranging code is detected, the BS attempts
to decode a corresponding BW REQ message. When the BW
REQ ranging code is detected without reception of the BW
REQ message, the BS allocates and grants an uplink resource
of a pre-defined size for carrying a BW REQ header with
respect to the received ranging code and through a broadcast
ID. A similar allocation is provided when it is determined that
the signal quality of a received BW REQ message is not
sufficiently high enough to directly grant uplink traffic
through the three-step BW REQ signaling procedure. For
example, signal quality may be measured by checking a
Cyclic Redundancy Check (CRC).

If both the BW REQ indicator and the BW REQ message
are received at the BS and it is determined that the BW REQ
message has a sufficiently high signal quality, the BS directly
reflects the resource requested by the MS in the BW REQ
message in the uplink scheduler, thereby eliminating aneed to
allocate and grant an uplink resource for the BW REQ header
and proceeding from step 302 directly to step 308 in FIG. 3.

If'the uplink resource is allocated in step 304 in accordance
with the BW REQ ranging code, the MS transmits the BW
REQ header having BW REQ message that includes BW
REQ information such as the MS-ID (or Connection or Sta-
tion ID) and the requested uplink resource corresponding to a
bandwidth required for the delivery of the uplink traffic,
according to a defined format. The BW REQ header may also
be generated and transmitted by the MS in situations in which
the uplink traffic of the MS is for an RT service and the MS
transmits both of the BW REQ indicator and the BW REQ
message in step 302, when the BS determines that the signal
quality of the BW REQ message is not sufficiently high
enough.

In step 308, by decoding the BW REQ header or decoding
the BW REQ message, the BS acquires the MS-1D (or CID or
SID) and the requested uplink resource. The BS reflects this
information in the uplink scheduler and grants an uplink
resource having a size requested by the MS at a point in time
permitted by the scheduler.

In step 310, when the uplink resource is granted, the MS
transmits the uplink traffic that was stored in a queue of the
MS. When additional uplink resources are required, the MS
can piggyback the BW REQ information to the allocated
resource without having to repeat the procedure from step
302.

According to the procedure described above, all five steps
are performed when the MS attempts a BW REQ for an NRT
service, whereas it is also possible that the requested uplink
resource is granted only using steps 302, 308 and 310 when
the MS attempts a BW REQ for a delay sensitive service, such
as an RT service.

The MS may also attempt the three-step BW REQ signal-
ing procedure regardless of service types. In such an embodi-
ment, after a trial of the three-step BW REQ signaling pro-
cedure, the MS performs the five-step BW REQ signaling
procedure as a fallback, if the BS fails to decode a BW REQ
message.

For the three-step BW REQ signaling procedure, the MS is
required to transmit at least the MS-ID and the requested
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uplink resource (or Quality of Service (QoS) related informa-
tion) over the BW REQ channel. Specifically, a 12-bit station
1D [80,S,, 85,83, ..,8;0,5;; ] and a pre-defined BW REQ size
of 3-4 bits (or QoS identifier) [qg, q;, s, (q5)] are assumed.
Herein, the pre-defined BW REO size denotes a value or an
index indicating an amount of uplink resource which is nego-
tiated between an MS and a BS when a corresponding call is
set. Herein, s, and q, denote the Station ID and the first Most
Significant Bit (MSB) of the predefined BW REQ size,
respectively. The BW REQ size is defined and limited based
on the delay sensitive BW REQ type, such as a time-urgent
MAC management message, a VoIP packet, Video streaming,
and an TCP ACK.

Before mapping the 12-bit Station ID and the pre-defined
BW REQ size to the BW REQ channel, the BW REQ infor-
mation of 15 bits (or 16 bits) are generated. When the BW
REQ information is expressed as [bg, by, by, . . ., b3, by,
(b,5)], it may be generated as shown in Equation (1) below.

[bo, by bsy o5 bys, byg]=[s0, 51, 85, -

92, S10: S11] M

When the predefined BW REQ size is constituted with 4

bits, the BW REQ information is generated as shown in
Equation (2) below.

-5 885 89, o> 1>

[bo, by, ba, - -, by3, by, bys]=[se, 51, 82, - -
90> 91> 925 935 Sos 105 S11] @

When the BW REQ information is generated through a
reordering of the Station ID and the predefined BW REQ size,
the BW REQ indicator part and the BW REQ message part
can be evenly divided in the transmission of the BW REQ
channel. Thus, when MSs having the same [east Significant
Bit (LSB), Station ID or requested uplink resource attempt a
BW REQ at the same time, the contention probability is
reduced.

Referring now to FI1G. 4, a diagram illustrates the physical
structure of a BW REQ channel supporting the combined
three-step and five-step BW REQ signaling procedure,
according to an embodiment of the present invention. It is to
be understood that the following details are for purposes of
explanation only, and other variations may be employed with-
out departing from the scope of the present invention.

The BW REQ channel includes three BW REQ tiles that
include six adjacent subcarriers of six symbols each. Each
BW REQtileis extracted to be distributed uniformly through-
out the whole band for frequency diversity. Each BW REQ
tile is subdivided into three subtiles, each of which include
two adjacent subcarriers of six symbols. The subtiles at each
end of the BW REQ tile are used to carry the BW REQ
indicator, while the middle subtile in each BW REQ tile is
used to carry the BW REQ message. Thus, character ‘M’
denotes Message, and character ‘Pr’ denotes Preamble (or
indicator).

In accordance with the physical structure of the BW REQ
channel shown in FIG. 4, the BW REQ indicator is deter-
mined as one of 24 orthogonal sequence indices (0-23). and
the BW REQ message can carry 12-bit BW REQ information
bits using Quadrature Phase Shift Keying (QPSK) modula-
tion and channel coding of 1/6 code rate.

A Cyclic Redundancy Check (CRC) may be utilized in
order to increase the reliability of the BW REQ message and
reduce false message detection, which can cause confusion
between the three-step procedure and the five-step procedure.

For 6-bit CRC, a (x"6+x+1) polynomial is used. The BW
REQ message may carry 18 bits, which include 12-bit BW
REQ information and 6-bit CRC using channel coding of 1/4
code rate.

- > 87,88,
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For 5-bit CRC, a (x"5+x"4+x"2+1) polynomial is used. The
BW REQ message may carry 16 bits, which include 11-bit
BW REQ information and 5-bit CRC using channel coding of
1/4 code rate.

For 3-bit CRC, a (x"3+x+1) polynomial is used. The BW
REQ message may carry 15 bits, which include 12-bit BW
REQ information and 3-bit CRC using channel coding of 1/5
code rate.

In one embodiment of the present invention, a mapping
method for transmitting the 16-bit BW REQ information bits
[bg, b, by, ..., b5, b4, b, 5] inthe physical structure as shown
in FIG. 4 is provided. 12 bits of [by, b, b, ..., b, b, ;] are
carried by the BW REQ message. The last 4 bits [b, 5, b, 5, by,
b, ;] are converted into a decimal number and used to select
the orthogonal sequence index of the BW REQ indicator. The
BS detects and reassembles the BW REQ indicator and the
BW REQ message respectively, and thus reconstructs the BW
REQ information bits.

In the above-described embodiment of the present inven-
tion, an MS attempting the three-step signaling procedure can
only select an orthogonal sequence index between 0 and 15 as
the BW REQ indicator due to the limit of 4 bits. Accordingly,
the contention probability between MSs attempting the three-
step signaling procedure is increased. This limited orthogonal
sequence index selection also increases the contention prob-
ability due to the fact that the orthogonal sequence index
cannot be kept constant with respect to an MS attempting the
five-step BW REQ signaling procedure, which selects an
orthogonal sequence index between 0 and 23.

Problems may arise in the three-step BW REQ signaling
procedure when the BS errs in detecting the BW REQ infor-
mation, or when the MS attempts the five-step BW REQ
signaling procedure, transmits only the BW REQ indicator,
and the BS construes the transmission as the three-step BW
REQ signaling procedure due to a false alarm detection error
in the BW REQ message. When an error occurs, a resource is
allocated to an MS that did not yet request an uplink resource.
As aresult, a decrease in system capacity caused by the waste
of the resources may become an issue. In the above-men-
tioned embodiment of the present invention, when either the
BW REQ indicator or the BW REQ message triggers false
alarm detection or when the decoding error occurs, system
capacity may become reduced.

In another embodiment of the present invention, which
solves the problems described above, it is assumed that the
BW REQ information has 15 bits in the form of [by, by, b, .
.., b5, b3, b,,]. The MSB 12 bits [b, by, by, ..., by, by
of'the BW REQ information bits are carried by the BW REQ
message. The orthogonal sequence index of the BW REQ
indicator is selected from the LSB 3 bits [b, ,, b, 5, b,,] and the
MSB of the BW REQ information bits in accordance with
Equation (3) below.

orthogonal sequence index=dec([5 55,35 14])+8*mod

(dec([b12D13b,a])+dec([bob 1 55]),3) 3

Here, dec(] ]) denotes the conversion of a binary number to
a decimal number, and mod(A, B) denotes a remainder of a
division of A by B. When the last term dec([bgb,b,]) in the
above equation is replaced by an arbitrary 3 bits of the BW
REQ information bits carried by the BW REQ message, the
effect of the equation can be sustained.

The BS detects the BW REQ indicator and the BW REQ
message respectively. If the BW REQ message includes the
CRC, the BS checks whether the CRC from BW REQ infor-
mation bits matches the received CRC. Based on the detected
BW REQ indicator and BW REQ message, the BS deter-
mines whether the mapping relation of Equation (3) matches.
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When the CRC or the mapping relation is not matched, the BS
determines that the decoding of the BW REQ message is not
sufficiently reliable or that the five-step BW REQ signaling
procedure is attempted and the BW REQ message was not
transmitted at all, and the BS proceeds to step 304 of FIG. 3.
When the mapping relation is satisfied, the BS reconstructs
the BW REQ information bits and proceeds to step 308 of
FIG. 3 according to the three-step BW REQ signaling proce-
dure.
In an additional embodiment of the present invention,
16-bit BW REQ information bits are in the form of [b, b;, b,,
., b5, bys, by, bys]. While the steps are substantially
identical to the immediately preceding embodiment, Equa-
tion (3) can be substituted with Equation (4) below.

orthogonal sequence index=dec([b 56 35,405])+

8*mod(dec([b15013014b15])-dec([bob1 b2b3]),3) (©)]

When the last term dec([byb, b,b;]) in the above equation is
replaced by an arbitrary 4 bits of the BW REQ information
bits carried by the BW REQ message, the same effect can be
sustained.

In a further embodiment of the present invention, 15-bit
BW REQ information bits are in the form of [by, b, b,, .. .,
bi,, b3, by 4]. While the steps are substantially identical to the
two immediately preceding embodiments, Equation (3) can
be substituted with Equation (5) below.

orthogonal sequence index=dec([5 55 ,3514])+8*mod
(dec([by2b 130 4])+dec([pep 1p5])-3)

Pos P1» P, are defined based on Equation (6) below.

®

po=mod(bot+b | +b,+b3,2),
pr=mod(by+bs5+bstb,2),
Po=mod(bg+bgt+big+b,1,2), 6
In yet another embodiment of the present invention,
another mapping rule is provided for 15-bit BW REQ infor-
mation bits in the form of [by, b, b, ..., by,, by 5, by ,]. While
the steps are substantially identical to the above embodi-

ments, Equation (3) can be substituted with Equation (7)
below.

o

Orthogonal sequence index =

K
dec(bi2b13b14) + 8 xmod Z dec(bs;ibsir103i12), 3
Py

In Equation (7), the range of K is from 0 to 4. When K=0,
Equation (7) is equal to Equation (3). When K=4, Equation
(7) is equal to Equation (5). 1 is an integer.

In yet a further embodiment of the present invention,
another mapping rule is provided for M-bit BW REQ infor-
mation bits in the form of [b,, by, b,, . . ., b, ,]. While the
steps are substantially identical to the above embodiments,
Equation (3) can be substituted with Equation (8) below.

f(&, bo, by e bygy) -
dec(by3bp-20m-1)

K
-8 xmo Zr;, 3],
i=0

®

Orthogonal sequence index = mod: 24

In Equation (8), 1, is dec(bs;bs,,,b5;,,), t is a superframe
index or a frame index, and {(t, by, by, . . ., b, ;) is a function
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relatedtotand by, by, ..., b, f(t, b, by, ..., by, ) enables
two MSs to reselect different sequences when the MSs fail to
gain access to the three-step signaling procedure and the
five-step signaling procedure by selecting the same orthogo-
nal sequence index. For example, f(t, by, by, ..., b, ;) canbe
expressed as t* |dec(byb,b,. . . b, ¥/24]. Variable L is less
than or equal to variable M (L<=M). f(t, by, b, . . ., by, ;) can
be expressed in numerous ways to allow different MSs to
select different orthogonal sequence indices at every frame or
superframe.

In an additional embodiment of the present invention,
another mapping rule is provided for M-bit BW REQ infor-
mation bits in the form of [bg, by, b,, . . ., by, ]. While the
steps are substantially identical to the above embodiments,
Equation (3) can be substituted with Equation (9) below.

)

f@ros ris vee 5 1g) =
dec(by-3bm-200m-1)

K
-8 *mod[z ri, 3],

i=0

Orthogonal sequence index = mod:

In Equation (9), 1, is dec(bs,bs;,;bs;.5), t is a superframe
index or a frame index, and f(t, ro, 1y, . . ., Ix) is a function
related totand ry, ty, . .., rx f(t, 1, 1y, . . ., Ix) 1s a function
that enables two MSs to reselect different sequences at a next
time when they fail to gain access to the three-step signaling
procedure and the five-step signaling procedure due to fact
that they selected the same orthogonal sequence index. For
example, f{t, ry, 1y, . . ., Iz) can be expressed as mod {t*
(2% +2°53r + ... 42%,), 24} or mod {t*(ro4r, + . . . 41,
24} f(t, ro, 1y, - . ., 1) can be expressed in numerous ways to
allow the different MSs to select different orthogonal
sequence indices at every frame or superframe.

Referring now to FIG. 5, a diagram illustrates an MS and a
BS in a wireless communication system, according to an
embodiment of the present invention. Both an MS 502 and a
BS 504 are shown, each of which include respective trans-
mitters 506, 508, receivers 510, 512, and processors 514, 516.

As setforth above, the present invention provides a method
for reducing the latency of the BW REQ signaling procedure
from five steps to three steps in the OFDMA communication
system. By virtue of the suggested orthogonal sequence index
selection method of the BW REQ indicator, the influence of a
decoding error of the BW REQ message or an error of the
false alarm detection can be mitigated. Therefore, transmis-
sion and reception performance of the BW REQ channel can
be enhanced and waste of the system capacity, which is
caused by the error, can be avoided.

While the invention has been shown and described with
reference to certain embodiments thereof, it will be under-
stood by those skilled in the art that various changes in form
and detail may be made therein without departing from the
spirit and scope of the invention as defined by the appended
claims and their equivalents.

What is claimed is:

1. A method for requesting uplink Bandwidth (BW) over a
BW Request (REQ) channel in an Orthogonal Frequency
Division Multiple Access (OFDMA) communication system,
comprising the steps of:

generating BW REQ information comprising a Mobile

Station-Identifier (MS-ID) and requested uplink
resource information;

determining a sequence index of a BW REQ indicator, in

which at least one bit of the BW REQ information is
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carried using the sequence index, according to a map-
ping relation between a frame number and the BW REQ
information;

generating a BW REQ message comprising remaining bits

of the BW REQ information; and

transmitting the BW REQ indicator over a first region of

the BW REQ channel and the BW REQ message over a
second region of the BW REQ channel to a Base Station
(BS).

2. The method of claim 1, wherein the requested uplink
resource information comprises one of a pre-defined BW
REQ size and a Quality of Service (QoS) identifier.

3. The method of claim 1, wherein the BW REQ indicator
is selected from one of a plurality of BW ranging codes, and

wherein the BW REQ message comprises all or a part of

the BW REQ information.

4. The method of claim 1, wherein the BW REQ channel is
divided into the first region for the BW REQ indicator and the
second region for the BW REQ message,

wherein the BW REQ channel comprises three (3) BW

REQtiles, wherein each tile comprises three (3) subtiles,
and each subtile comprises two (2) adjacent subcarriers
having six (6) symbols each, and

wherein end subtiles of each tile define the BW REQ indi-

cator, and a middle subtile of each tile defines the BW
REQ message.

5. The method of claim 1, wherein a part of bits of the BW
REQ information are carried by the BW REQ message and an
orthogonal sequence index of the BW REQ indicator is
selected in accordance with a mapping relation defined by at
least the remaining bits of the BW REQ information.

6. The method of claim 1, wherein the mapping relation
between the BW REQ message and the BW REQ indicator is
checked by the BS to determine if the BW REQ message is
sufficiently reliable before the grant of the uplink resource is
transmitted to the MS.

7. The method of claim 1, wherein the BW REQ message
comprises [bg, by, by, . . ., by, ] bits, and an orthogonal
sequence index of the BW REQ indicator is selected in accor-
dance with:

[, bo, bys oo s b)) +
dec(by-3brm-200m-1)

K
-8 *mod[z ri, 3],

i=0

Orthogonal sequence index = mod:

where r, is dec(bs;bs,,1b5,,5), t is a superframe index or a
frame index, and f(t, by, by, . . ., b, ;) is function related
totand by, by, ..., by, .

8. The method of claim 7, wherein f(t, by, b, ..., b,, ) is

a function expressed as t*|dec(byb,b,. . . b,_,)/24], where
variable L is less than or equal to variable M (L=M).

9. The method of claim 1, wherein the mapping relation
between the BW REQ message and the BW REQ indicator is
defined a function that uses bits of the BW REQ information,
and one of a frame index and a superframe index as input
parameters.

10. The method of claim 1, further comprising:

receiving a grant of a requested uplink resource from the
BS in accordance with the transmitted BW REQ indica-
tor and the BW REQ message; and

transmitting uplink traffic from an MS to the BS using the
granted uplink resource.



US 8,331,516 B2

11

11. A method for allocating uplink Bandwidth (BW) overa
BW Request (REQ) channel in an Orthogonal Frequency
Division Multiple Access (OFDMA) communication system
comprising the steps of:

determining whether a BW REQ indicator is received at a

Base Station (BS) from a Mobile Station (MS) over a
first region of the BW REQ channel;

determining a BW REQ message corresponding the BW

REQ indicator is received at the BS from the MS over a
second region of the BW REQ channel; and

generating BW REQ information having at least one of a

Mobile Station-Identifier (MS-ID) and a requested
uplink resource information by using the BW REQ indi-
cator, in which at least one bit of the BW REQ informa-
tion is carried using an index, according to a mapping
relation between a frame number and the BW REQ
information and the BW REQ message comprising
remaining bits of the BW REQ information.

12. The method of claim 11, wherein the requested uplink
resource information comprises one of a pre-defined BW
REQ size and a Quality of Service (QoS) identifier.

13. The method of claim 11, wherein the BW REQ indica-
tor is selected from one of a plurality of BW ranging codes,
and

wherein the BW REQ message comprises all or a part of

the BW REQ information.

14. The method of claim 11, wherein the BW REQ channel
is divided into the first region for the BW REQ indicator and
the second region for the BW REQ message,

wherein the BW REQ channel comprises three (3) BW

REQ tiles, wherein each tile comprises three (3) subtiles,
and each subtile comprises two (2) adjacent subcarriers
having six (6) symbols each, and

wherein end subtiles of each tile define the BW REQ indi-

cator, and a middle subtile of each tile defines the BW
REQ message.

15. The method of claim 11, wherein a part of bits of the
BW REQ information are carried by the BW REQ message
and an orthogonal sequence index of the BW REQ indicator
is selected in accordance with a mapping relation defined by
at least the remaining bits of the BW REQ information.

16. The method of claim 11, wherein the mapping relation
between the BW REQ message and the BW REQ indicator is
checked by the BS to determine if the BW REQ message is
sufficiently reliable before the grant of the uplink resource is
transmitted to the MS.

17. The method of claim 11, wherein the BW REQ mes-
sage comprises [b,, b;, b,, ..., b,, ] bits, and an orthogonal
sequence index of the BW REQ indicator is selected in accor-
dance with:

f@ bo, by, ... ,by-1)+
dec(by 30y 2bpm-1)

K
+8 *mod[z Fis 3],

i=0

Orthogonal sequence index = mod: 24

where r, is dec(bs,b;,, ;bs5;.,), t s a superframe index or a
frame index, and f(t, by, by, . . ., by, ;) is function related
totand by, by, ..., b

El bM—l)

> Par 1
18. The method of claim 17, wherein f(t, by, b, . . .
is a function expressed as t*|dec(byb,b,. . . b,_,)/24|, where
variable L is less than or equal to variable M (L=M).
19. The method of claim 11, wherein, in determining
receiving the BW REQ message, the BS checks relationship
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between the BW REQ message and the BW REQ indicator by
determining if the BW REQ message is sufficiently reliable.

20. The method of claim 16, wherein the BS checks a
Cyclic Redundancy Check (CRC) in order to determine the
reliability of the BW REQ message.

21. The method of claim 11, wherein, in allocating a second
uplink resource, the BS reflects an MS identifier and the
requested uplink resource in an uplink scheduler.

22. The method of claim 11, wherein the mapping relation
between the BW REQ message and the BW REQ indicator is
defined a function that uses bits of the BW REQ information,
and one of a frame index and a superframe index as input
parameters.

23. The method of claim 19, wherein, in determining
receiving the BW REQ message, the BS determines whether
a signal quality is greater that a threshold in the second region
for the BW REQ message.

24. The method of claim 11, further comprising:

allocating a requested uplink resource in accordance with
the BW REQ information; and

receiving uplink traffic at the BS from the MS using the
allocated uplink resource.

25. A Mobile Station (MS) for requesting uplink Band-
width (BW) over a BW Request (REQ) channel in an
Orthogonal Frequency Division Multiple Access (OFDMA)
communication system comprising:

a processor for generating BW REQ information compris-
ing a Mobile Station-Identifier (MS-ID) and requested
uplink resource information, for determining a sequence
index of a BW REQ indicator, in which at least one bit of
the BW REQ information is carried using the sequence
index, according to a mapping relation between a frame
number and the BW REQ information, and for generat-
ing a BW REQ message comprising remaining bits of
the BW REQ information; and

a transmitter for transmitting the BW REQ indicator over a
first region of the BW REQ channel and the BW REQ
message over a second region of the BW REQ channel to
a Base Station (BS).

26. The apparatus of claim 25, further comprising:

a receiver for receiving a grant of a requested uplink
resource from the BS in accordance with the BW REQ
indicator and the BW REQ message.

27. A Base Station for allocating uplink Bandwidth (BW)
over a BW Request (REQ) channel in an Orthogonal Fre-
quency Division Multiple Access (OFDMA) communication
system comprising:
a receiver for receiving a BW REQ indicator over a first
region of the BW REQ channel and a BW REQ message
over a second region of the BW REQ channel from a
Mobile Station (MS), and receiving uplink traffic from
the MS using an allocated uplink resource; and

aprocessor for generating BW REQ information having at
least one of a Mobile Station-Identifier (MS-ID) and
requested uplink resource information by using the BW
REQ indicator, in which at least one bit of the BW REQ
information is carried using an index, according to a
mapping relation between a frame number and the BW
REQ information and the BW REQ message comprising
remaining bits of the BW REQ information.

28. The apparatus of claim 27, further comprising:

an allocator for allocating a requested uplink resource in
accordance with the BW REQ information, and

wherein the receiver receives the uplink traffic at the BS
from the MS using the allocated uplink resource.
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