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Description
Title of Invention: METHOD FOR TRANSMITTING AND
RECEIVING ACKNOWLEDGMENT IN A WIRELESS COMMU-
NICATION SYSTEM

Technical Field

[ 1] The present invention relates to a wireless communication system, and more par-
ticularly, to a method for transmitting and receiving an ACKnowledgment (ACK) in a

wireless communication system.

Background Art
2] A random access-based UpLink (UL) Bandwidth Request (BR) procedure and raging

procedure 1in a conventional wireless communication system will be described below.
|3] FIG. 1 1s a diagram 1llustrating a signal flow for a UL BR operation in a conventional
wireless communication system.

[4] Reterring to FIG. 1, a Mobile Station (MS) selects a BR code trom a set of BR codes
among ranging codes and transmits the selected BR code to a Base Station (BS) in
order to request a UL bandwidth 1n step S110. It the MS tails to be allocated UL
resources until expiration of a timer which 1s activated to a contention-based
reservation timeout or a value T3 after the transmission of the BR code, 1t retransmits
the BR code. Upon successtul receipt of the BR code from the MS, the BS allocates
UL resources to the MS so that the MS may transmit a Bandwidth Request (BW-REQ)
message 1n the allocated UL resources 1n step S120. In step S130, the MS transmits a
BW-REQ message to the BS 1n the allocated UL resources. Upon receipt of the BW-
REQ message trom the MS, the BS allocates UL resources to the MS 1n step S140 and
the MS transmits data in the allocated UL resources to the BS 1n step S150.

5] FIG. 2 1s a diagram 1illustrating a signal tlow for a ranging procedure in the con-
ventional wireless communication system.

6] Reterring to FIG. 2, an MS selects a ranging code from a set of initial ranging codes
among ranging codes and transmits the selected ranging code to a BS, for initial
ranging in step S210. Upon successtul receipt of the ranging code trom the MS, the BS
allocates UL resources to the MS, for transmission of a Ranging Request (RNG-REQ)
message 1n step 5220. According to the time status ot the ranging code, the BS may
transmit a Ranging Response (RNG-RSP) message to the MS. It the MS fails to be
allocated UL resources or to receive an RNG-RSP message trom the BS until ex-
piration of a timer which 1s activated to a contention-based reservation timeout or a
value T3 after the transmission of the ranging code, the MS retransmits the ranging

code.
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[ 7]

5]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

When being allocated UL resources ftor transmission of an RNG-REQ message, the
MS transmits the RNG-REQ message 1n the allocated UL resources to the BS 1n step
5230 and the BS replies to the MS with an RNG-RSP message 1n step S240. Besides
initial ranging, there are handover ranging and periodic ranging.

A random access-based UL BR procedure and ranging procedure in a future
broadband wireless access system will be described below.

FIG. 3 1s a diagram 1illustrating a signal tflow for a UL BR procedure 1n a future
broadband wireless access system.

In the tuture-generation wireless communication system, a BS supports both a 5-step
regular BR procedure and a 3-step quick access BR procedure. The 5-step regular BR
procedure may be pertormed independently of the 3-step quick access BR procedure or
as a tallback mode of the 3-step quick access BR procedure.

Referring to FIG. 3, 1n the 3-step quick access BR procedure, an MS transmits a BR
indicator that 1s selected randomly or according to a predetermined rule and a quick
access message including UL BR information to a BS in step S310. The BR indicator
may be a BR sequence or a BR code, and the UL BR information may include a
Station Identifier (STID), a request size, etc.

The BS transmits an ACK/Negative ACK (ACK/NACK) for the BR 1ndicator to the
MS 1n step S320. Upon successtul receipt of the BR indicator and the quick access
message, the BS allocates UL resources tor data transmission to the MS in step S360
and the MS transmits data in the allocated UL resources to the BS in step S370. The
MS may transmit additional UL BR information along with the data in step S370.

In the 5-step regular BR procedure, the MS transmits a randomly selected BR
indicator to the BS 1n step S310. The BS transmits an ACK/NACK for the BR
indicator to the MS 1n step S320 and allocates UL resources to the MS by a Code
Division Multiple Access (CDMA) allocation Advanced-MAP (A-MAP) Information
Element (I1E) so that the MS may transmit a BW-REQ message in the allocated UL
resources 1n step S330.

In step S340, the MS transmits a BW-REQ message in the allocated UL resources to
the BS. The BS then allocates UL resources to the MS by a UL basic assignment A-
MAP IE 1n step S360 and the MS transmits data in the allocated UL resources to the
BS 1n step S370. The MS may transmit additional UL BR information along with the
data in step S370.

FIG. 4 1s a diagram 1llustrating a signal tlow for a ranging procedure in the tuture
broadband wireless access system.

Referring to FIG. 4, an MS transmits a ranging indicator to a BS 1n step S410 and the
BS transmits an ACK/NACK ftor the ranging indicator to the MS in step S420. In step
5430, the BS then allocates UL resources tor transmission of an RNG-REQ message to

CA 02758165 2011-10-06
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the MS. The MS transmits an RNG-REQ message to the BS in step S440 and the BS replies

to the MS with an RNG-RSP message in step S450.

[17] As described above, upon receipt of a random access code such as a BR

indicator or a ranging indicator from an MS, a BS transmits an ACK/NACK for the random
access code to the MS 1n the broadband wireless access system. Accordingly, there exists a

need for minimizing the overhead of ACK/NACK transmission.
Summary

[ 18] As described above, there exists a need for an ACKnowledgment (ACK)
format that minimizes the overhead of ACK transmission for a random access code received

from a Mobile Station (MS) 1n a broadband wireless access system.

1 19] Accordingly, an embodiment of the present invention is directed to a method

for transmitting and recetving an ACK 1n a wireless communication system that substantially

- obviates one or more problems due to limitations and disadvantages of the related art.

120] An embodiment of the present invention may provide a method for
transmitting and receiving an ACK to minimize the transmission overhead of an ACK being a

response to a random access code received from an MS.

[21] Additional advantages, objects, and features will be set forth in part 1n the
description which follows and in part will become apparent to those having ordinary skill in
the art upon examination of the following or may be learned from practice of embodiments of
the invention. The objectives and other advantages may be realized and attained by the
structure particularly pointed out in the written description and claims hereof as well as the

appended drawings.

[22] In accordance with some embodiments of the invention, as embodied and
broadly described herein, a method for receiving an ACK at an MS 1n a wireless
communication system includes transmitting a bandwidth request indicator to a BS, and

receiving an ACK for the transmitted bandwidth request indicator from the BS, the ACK
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including a resource start offset field. The resource start offset field indicates an index of a

starting resource unit of resources allocated by the ACK.

|22a] In another aspect of the invention, there is provided a method for receiving an

acknowledgment (ACK) at a Mobile Station (MS) in a wireless communication system, the

- method comprising: transmitting a bandwidth request indicator to a Base Station (BS); and

recerving an ACK for the transmitted bandwidth request indicator from the BS, the ACK
including a first start offset field which contains either most significant bits (MSBs) of a start
offset of resource allocation allocated by the ACK or a value indicating that there is no
resource allocation 1in the ACK, wherein the ACK further includes a second start offset field

which contains least significant bits (LSBs) of the start offset of the resource allocation if the

- first start offset value contains the MSBs of the start offset of the resource allocation, wherein

the ACK does not include the second start offset field if the first start offset value contains the

value indicating that there 1s no resource allocation in the ACK.

[22b] In another aspect of the invention, there 1s provided a method for transmitting

an acknowledgment (ACK) at a Base Station (BS) in a wireless communication system, the

- method comprising: receiving one or more bandwidth request indicators from a Mobile

Station (MS); and transmitting the ACK for the received bandwidth request indicators to the
MS, the ACK including a first start offset field which contains either most significant bits
(MSBs) of a start offset of resource allocation allocated by the ACK or a value indicating that

there 1s no resource allocation in the ACK, wherein the ACK further includes a second start

offset field which contains least significant bits (LSBs) of the start offset of the resource

~ allocation 1f the first start offset value contains the MSBs of the start offset of the resource

allocation, wherein the ACK does not include the second start offset field if the first start

offset value contains the value indicating that there is no resource allocation in the ACK.

|23] In another aspect of the present invention, a method for transmitting an ACK at
a BS 1n a wireless communication system includes receiving bandwidth request indicators

from one or more MSs and transmitting an ACK for the received bandwidth request indicators

 to the MSs, the ACK including a resource start offset field. The resource start offset field

indicates an index of a starting resource unit of resources allocated by the ACK.
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[24] The BS may allocate only resources of a fixed size by the ACK.
[25] The BS may receive quick access messages from the one or more MSs, and the ACK

may further include a message decoding indicator tield indicating decoding statuses of

the quick access messages.

[26] The ACK may include a Cyclic Redundancy Check (CRC) masked by a Station
Identifier (STID) reserved for the ACK.

[27] In another aspect of the present invention, a method for receiving an ACK at an MS
in a wireless communication system includes transmitting a bandwidth request
indicator to a BS, and receiving an ACK for the transmitted bandwidth request
indicator from the BS, the ACK including a most significant bit (MSB) of start offset
field. The MSB of start offset field indicates MSBs of an index of a starting resource
unit of resources allocated by the ACK or indicates that resources are not allocated by
the ACK.

[28] In a further aspect of the present invention, a method for transmitting an ACK at a
BS in a wireless communication system includes receiving bandwidth request in-
dicators from one or more MSs, and transmitting an ACK for the received bandwidth
request indicators to the one or more MSs, the ACK including an MSB of start offset
field. The MSB of start offset field indicates MSBs of an index of a starting resource

unit of resources allocated by the ACK or indicates that resources are not allocated by

the ACK.
[29] If the MSB of start offset field indicates the MSBs of the index of the starting

resource unit of the resources allocated by the ACK, the ACK may further include a
Least Significant Bit (LSB) of start offset of resource field indicating LSBs of the

index of the starting resource unit of the resources allocated by the ACK.

[30] According to the embodiments of the present invention, it may be possible to minimize
overhead of an ACK by optimizing fields of an ACK.

[31] It is to be understood that both the foregoing general description and the following
detailed description of the present invention are exemplary and explanatory and are

intended to provide further explanation of the invention as claimed.
Brief Description of Drawings

[32] The accompanying drawings, which are included to provide a further understanding
of the invention and are incorporated in and constitute a part of this application, 1l-
lustrate embodiment(s) of the invention and together with the description serve to
explain the principle of the invention. In the drawings:

[33] FIG. 1 is a diagram illustrating a signal flow for an UpLink (UL) Bandwidth Request

(BR) operation in a conventional wireless communication system.
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[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

FIG. 2 1s a diagram 1illustrating a signal tlow for a ranging procedure in the con-

ventional wireless communication system.
FIG. 3 1s a diagram 1illustrating a signal tflow for a UL BR procedure 1n a future

broadband wireless access system.

FIG. 4 1s a diagram 1llustrating a signal tflow for a ranging procedure in the tuture
broadband wireless access system.

FIG. 5 1s a tlowchart 1llustrating a method for receiving an ACKnowledgment (ACK)
in a wireless communication system according to an exemplary embodiment ot the
present invention.

FIG. 6 illustrates an exemplary method for allocating resources when a Resource
start oftset field 1s '1".

Best Mode for Carrying out the Invention

Now, the above and other aspects of the present invention will be described 1n detail
through preferred embodiments with reterence to the accompanying drawings so that
the present invention can be easily understood and realized by those skilled in the art.
Moditications to the prefterred embodiment will be readily apparent to those of
ordinary skill in the art, and the disclosure set forth herein may be applied to other em-
bodiments and applications without departing trom the spirit and scope of the present
invention and the appended claims. In the tollowing description ot the present
invention, a detailed description of known tunctions and configurations incorporated
herein will be omitted when 1t may obscure the subject matter ot the present invention.
The same reterence numbers will be used throughout this specification to refer to the
same or like parts.

Through the specitication, when it 1s said that some part "includes” a specitic
element, this means that the part may turther include other elements, not excluding
them, unless otherwise mentioned. The term "-er(or)”, "module”, "portion” or "part” 1s
used to signify a unit of performing at least one tunction or operation. The unit can be
realized 1n hardware, software, or in combination of both.

With reterence to FIGs. 5 and 6, a description will be made of a method tor
transmitting and receiving an ACKnowledgment (ACK) 1n a wireless communication
system according to an exemplary embodiment ot the present invention.

The exemplary embodiment ot the present invention proposes an ACK format for
minimizing the overhead ot transmitting an ACK as a response to a random access
code. While a random access code 1s described in the context of a Bandwidth Request
(BR) 1indicator or a ranging indicator, it 1s to be understood that the present invention 1s

not limited to a BR indicator and a ranging indicator.

FIG. 5 1s a tlowchart 1llustrating a method for receiving an ACK 1n a wireless com-

CA 02758165 2011-10-06
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[44]

[45]

[46]

[47]

[43]

[49]

[50]

munication system according to an exemplary embodiment of the present invention.

Reterring to FIG. 5, a Mobile Station (MS) 1s allocated an UpLink (UL) region tor
transmission of a BR indicator or a UL region tor transmission of a ranging indicator
from a Base Station (BS) in step S510 and transmits a BR indicator or a ranging
indicator 1n the allocated UL region in step S3520.

The UL region for transmission of a BR indicator 1s defined separately from a UL
region tor transmission ot a ranging indicator and each ot the UL regions includes one
Or more transmission opportunities. A transmission opportunity 1s a resource region
including one or more resource units, carrying a BR indicator or a ranging indicator.
Transmission opportunities may be indexed.

Thus the MS transmits the BR indicator or the ranging indicator during a
transmission opportunity to the BS.

In step 5530, the BS transmits an ACK for the BR indicator or the ranging indicator
to the MS.

The format of an ACK as a response to a BR indicator 1s different from the format an
ACK as a response to a ranging indicator because the ACKs may have difterent field
configurations. Another reason tfor the ditterent ACK tormats is that even the same
fields 1n the ACKs may have difterent bit sizes since ditferent numbers ot codes and
different numbers of transmission opportunities are available to the BR indicator and
the ranging indicator.

In the exemplary embodiment of the present invention, an ACK format for a BR
indicator 1s proposed. Table 1 below 1illustrates an ACK format for a BR indicator

according to an exemplary embodiment of the present invention.
Table 1

CA 02758165 2011-10-06
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syntax

Frame 1ndex

ACK Bitmap

Resource start otfset

HFA start offset

For (1=0; N_PR_Slots; i1++) {
[f (BR-ACK Bitmapli] == 1) {

Number of Keceived codes

(L)
For (j=0; j<L; j+t) {

Code 1index

MSG decoding indicator

Grant 1ndicator

Size(bits) Notes

Each bit indicates the decoding status of BR code

in the corresponding PR opportunity.

Ob0: No BR code 1s detected, Obl: At least one code

_BR Slots

1s detected.

his ftield 1s the start oftset of the Resource

allocation for BR Header.

his field 1s the HFA start offset of HARQ)

Feedback Allocation

Code 1index received in the BR opportunity

o indicate the decoding status of quick access
1

message

o 1ndicate whether grant of BR Header for the

code 1ndex 1s 1included or not

[f this bit 1s set, the UL resource 1s allocated

1th fixed size and MCS.

}
h
}
MORC 16 CRC masked by the reserved STID tor ACK A-MAF
[51] Referring to Table 1, the tields of an ACK tor a BR indicator according to the

exemplary embodiment of the present invention will be described.

[52] Frame Index 1dentifies a frame carrying BR indicators tor which the ACK 1s 1ssued.

An ACK 1s transmitted on a

transmitted on a frame basis,

BR indicators that the BS has successtully received in a specitic frame, whereas when

frame basis or on a subframe basis. If an ACK 1s

the BS broadcasts an ACK including information about

an ACK 1s transmitted on a subframe basis, the BS broadcasts an ACK including 1n-

formation about BR indicators that the BS has successtully received in a specific

subframe. Accordingly, the ACK transmitted on a frame basis includes the Frame

CA 02758165 2011-10-06
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[53]

[54]

[55]

[56]

[57]

[58]

index field, and the ACK transmitted on a frame basis includes the Frame index field
and a Subframe index field indicating the subframe carrying the BR indicators tor
which the ACK 1s generated.

When the BS transmits an ACK apart from a position at which 1t has received BR 1n-
dicators by a predetermined value known to MSs, the ACK does not need to include
Frame index or Subtrame index. However, if the predetermined value 1s specified in
frames and an ACK 1s transmitted on a subframe basis, the ACK should contain
Subframe index.

The Frame 1index field may be replaced with a Frame Bitmap tield and the Subtrame
index tield may be replaced with a Subtrame Bitmap field.

ACK Bitmap indicates whether a BR 1indicator has been successtully received in each
transmission opportunity defined in the frame or subframe indicated by the ACK.
Theretfore, the size of ACK Bitmap is equal to the number of transmission oppor-
tunities, N_BR_Slots, defined in the frame or subframe indicated by the ACK. Given n
transmission opportunities in the tframe or subtrame indicated by the ACK, if the BS
successtully receives one or more BR indicators at a kth transmission, a kth bit ot the
ACK MAP tield 1s set to 1 and if the BS tails to receive any BR indicator at the kth
transmission, the kth bit of the ACK MAP field 1s set to 0.

As noted from Table 1, the ACK includes Number of Received codes, Code index,
Message (MSG) decoding indicator, and Grant indicator, for each transmission op-
portunity corresponding to a bit set to 1 in the ACK Bitmap field.

The ACK Bitmap tield may be contigured so as to indicate whether a quick access
message has been received successtully during each transmission opportunity in the
frame or subframe indicated by the ACK as well as so as to indicate whether a BR
indicator has been received successtully during each transmission opportunity in the
frame or subtrame indicated by the ACK. For this purpose, two bits are needed tor
each transmission opportunity in the frame or subtrame. As a consequence, the size ot
the ACK Bitmap field 1s twice the number of transmission opportunities, N_BR_Slots,
in the frame or subtrame indicated by the ACK.

It two bits for a transmission opportunity of the trame or subframe in the ACK
Bitmap field are "Ob00", this implies that neither BR indicators nor quick access
messages have been received successtully 1n the transmission opportunity. It the two
bits for the transmission opportunity are "0Ob01", this implies that m BR indicators have
been received successtully and no quick access message has been received suc-
cesstully 1n the transmission opportunity. If the two bits for the transmission op-
portunity are "Ob10", this implies that m BR indicators have been received successtully

and | (m

p—

CA 02758165 2011-10-06
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[59]

[60]

[61]

[62]

[63]

[64]

1) quick access messages have been received successtully in the transmission op-
portunity. If the two bits for the transmission opportunity are "0Ob11", this implies that
m BR indicators and m quick access messages have been received successtully.

For each transmission opportunity for which two bits are set to 'O1', '10" or '11" 1in the
ACK Bitmap tield, the ACK includes Number of Received codes, Code index, MSG
decoding indicator, and Grant indicator. MSG decoding indicator may not be included
in the ACK, for each transmission opportunity for which two bits are set to 'Ol or '11°
in the ACK Bitmap tield. MSG decoding indicator indicates whether the BS has suc-
cesstully received a quick access message that was transmitted along with a BR
indicator. If two bits for a transmission opportunity are 'O1’, this means that the BS has
not received any quick access message and it the two bits are '11°, this means that the
BS has received as many quick access messages as successtully received BR 1n-
dicators. That's why MSG decoding indicator may not be included in the ACK, for
each transmission opportunity for which two bits are set to ‘01" or '11°.

Instead of the ACK Bitmap field, the ACK may include Opportunity index fields and
status indicator fields.

The Opportunity index fields specity the indexes of transmission opportunities in the
frame or subframe, and the status indicator fields indicate whether a BR indicator has
been received successtully in each transmission opportunity. That 1s, there 1s a status
indicator tield tor each Opportunity index field and the status indicator field 1s set to '1’
if the BS has received one or more BR indicators in the transmission opportunity
indicated by the Opportunity index field and to '0" it the BS has received no BR
indicator 1n the transmission opportunity. For each transmission opportunity for which
a status indicator field 1s set to '1’, the ACK 1ncludes Number of Received codes, Code
index, MSG decoding indicator, and Grant indicator.

Resource start offset indicates the index of the starting resource unit ot resources
allocated to MSs. The BS may allocate resources to part or all of MSs trom which the
BS has received BR indicators successtully, by the ACK. When the BS allocates
resources by the ACK, Grant indicator 1s set to 'l'. Theretore, the BS sequentially
allocates resources to the MSs that transmitted BR indicators for which grant indicators
are set to 1s, starting from the starting point indicated by the Resource start otfset tield.
The order of resource allocation to the MSs may be determined 1n a predetermined rule
or in a method known to both the BS and the MSs. For example, the resources may be
allocated to the MSs 1n an ascending or descending order of the indexes of the BR 1n-
dicators transmitted by the MSs.

FIG. 6 illustrates an exemplary method tor allocating resources when the Resource
start oftset field 1s set to 1.

Reterring to FIG. 6, the BS allocates resources sequentially to MSs 1n an ascending
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[65]

[66]

[67]

order ot the indexes of BR indicators that the MSs transmitted to the BS, starting with
a resource unit with index 1. Specitically, the BS allocates resources to MSs that
transmitted BR 1ndicators for which Grant indicators are set to 1s in an ascending order
of the code indexes of the BR indicators.

On the assumption that there are two BR 1indicators with code indexes 2 and 7, tor
which Grant indicators are 1s in the ACK and the BS allocates two resource units to
each MS, the BS allocates resource unit 1 and resource unit 2 to the MS that
transmitted a BR indicator with code index 2 and resources unit 3 and resource unit 4
to the MS that transmitted a BR indicator with code index 7.

The Resource start ottset field may be optimized with two Most Significant Bits
(MSBs) of a resource start offset 1n order to reduce overhead. Table 2 1llustrates a
format of an ACK that 1s generated for BR indicators, when the Resource start otfset

field 1s optimized using two MSBs.
Table 2
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Fields

Notes

ACK A-MAP TEQ)A

A-MAF Tvpe

ACK Bitmap

MSB of start offset

This field 1s MSB of the start offset of the Kesource
allocation.
Ob00, 0bO1, Ox10 : MSB of the start offset of the resource
allocation

Obll: There 1s no grant i1ndicator exists

[{(MSB of start offset!=0bll1){

LSB of start otfset of Resource

This field 1s LSB ot the start offset of the Kesource

allocation

HFA start ofiset

}

For (i=0; N_Slots; itt+) {

[f (ACK Bitmapl[i] == 1) {

Number of Received codes (L)

The number of code i1ndices included in this ACK A-MAP IE.

For (j=0; j<L; j+t) {

Code 1ndex

Code 1ndex received 1in the opportunity

[f(MSB of start offset!=0bll){

Grant indicator

o indicate whether grant of BR Header for the code index 1s
included or not

[t this bit 1s set, the UL resource 1s allocated with fixed
size and MCS.

MCRC

[63] In a frequency band of 20MHz, there are up to 96 Logical Resource Units (LRUs).

Hence, given 7 bits to represent a resource start ottset, the Resource start oftset field 1s

set to "0Ob0000000" for a resource start offset corresponding to LRU 0. If the resource
start offset 1s LRU 935, the Resource start offset field 1s set to "Ob1011111". Since the
Resource start oftset tield ranges from "0b0000000" to "Ob1011111", there 1s no case

in which the MSBs are '11".
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[69]

[70]

[71]

[72]

[73]

Accordingly, if resources are not allocated by the ACK, the BS sets the MSBs of the
Resource start oftset field to '11°, excluding the remaining bits ot the Resource start
offset field and the Grant indicator field from the ACK, thereby reducing ACK
overhead.

Referring to Table 2, the MSB of start oftset field indicates the two MSBs of a
resource start offset and the LSB of start oftset otf Resource tield indicates the tive
LLSBs of the resource start offset. As 1llustrated in Table 2, the LBS of start offset of
Resource tield 1s included only when the MSB of start offset tield 1s not '11°. Also, the
Grant indicator field 1s included in the ACK only when the MSB of start offset tield 1s
not '11°.

When the MSB of start offset field 1s '11°, MSs also determine that the ACK does not
include the LSB of start otfset of Resource tield and the Grant indicator field.

Alternatively or additionally, to reduce overhead, the Resource start offset tfield may
be optimized using a 1-bit flag. Table 3 1llustrates the format of an ACK for BR 1n-
dicators when the Resource start ottset tield, an HFA start ottset field, and the grant

indicator tield are optimized using a 1-bit flag.
Table 3
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Fields

Notes

ACK A-MAP TE(){

A-MAP Type

ACK Bitmap

Flag

ObQ : There 1s no grant

Obl: There 1s grant

[f(flag==0bl){

Resource start offset

This field 1s the start offset of the Resource allocation

HFA start oftset

This field 1s the start otfset of the HFA

}

For (1=0; N Slots; it++) {

[f (ACK Bitmapli] == 1) {

Number of Received codes (L)

The number of code i1ndices included 1in this ACK A-MAP IE.

For (3=0; i<L; j++) {

Code 1ndex

Lode 1ndex received 1n the opportunity

[f(flag ==0bl){

Grant 1ndicator

To indicate whether grant ot BR Header tor the code index 1is
included or not

If this bit 1s set, the UL resource 1s allocated with fixed

s1ze and MCS.

MCRC

[ 74] The BS allocates the resources of one, two or three UL subiframes by one UL A-
MAP IE region according to a DL-to-UL ratio (8:0, 6:2, 5:3, 4:4 or 3:5) and the
number of subframes per A-MAP, Nsubtrame, A-MAP. If a UL A-MAP IE region

occurs 1n every frame, the number of subframes per A-MAP, Nsubframe,A-MAP is 1.

It a UL A-MAP IE region occurs 1in every second trame, the number ot subframes per
A-MAP, Nsubframe,A-MAP is 2. For example, it the DL-to-UL ratio 1s 3:5 and
Nsubframe,A-MAP 1s 1, a first UL A-MAP IE region includes resource information
about a first UL subframe (a first UL subtrame of the first UL A-MAP IE region), a
second UL A-MAP IE region includes resource information about a second UL
subframe (a first UL subtrame ot the second UL A-MAP IE region) and a third UL
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[75]

[76]

[ 77]

[78]

[79]

subiframe (a second UL subtrame ot the second UL A-MAP IE region), and a third UL
A-MAP IE includes resource information about a tfourth UL subframe (a first UL
subframe of the third UL A-MAP IE region) and a fifth UL subframe (a second UL
subframe of the third UL A-MAP IE region). Theretore, the BS explicitly includes al-
location relevance, that 1s, information indicating a subtrame ot a UL A-MAP IE
region, relevant to a resource assignment in the ACK, or a subtframe of a UL A-MAP
IE region relevant to a resource assignment in the ACK should be predetined, tor
example, as a first subframe.

HARQ Feedback Allocation (HFA) start offset 1s a field needed when HARQ 1s
applied to a message transmitted 1n allocated resources. The BS notifies the MS
whether 1t has received the message successtully by an HFA. Hence, like the Resource
start ottset field, the BS sequentially allocates HARQ teedback resources to MSs that
transmitted BR 1ndicators for which Grant indicators are set to 1s, starting from a
starting point indicated by the HFA start offset field. The order of allocating the
HARQ teedback resources to the MSs 1s set according to a predetermined rule or
preset between the BS and the MSs. For example, the BS may sequentially allocate the
HARQ teedback resources to the MSs 1n an ascending or descending order of the
indexes of the BR request indicators transmitted by the MSs. On the other hand, if the
HFA start otfset 1s preset, for example, to O between the BS and the MSs, the HFA
start offset tield may not be included 1n the ACK.

Number ot Received codes indicates the number of BR indicators that the BS has
successtully decoded 1n an associated transmission opportunity. As illustrated in Table
1, 1f a transmission opportunity included in the frame or subframe indicated by the
ACK has a bit set to 1 1n the ACK Bitmap field, the ACK includes the Number of
Receilved codes field for the transmission opportunity.

The ACK further includes a Code 1ndex tield, an MSG decoding indicator field, and
a Grant indicator field tor each of the BR request indicators that the BS has succeeded
in decoding 1n each transmission opportunity.

The Code index field indicates the code index ot a BR indicator received in the
transmission opportunity. The BS may arrange the indexes of BR indicators in an
ascending or descending order.

The MSG decoding indicator tield indicates whether the BS has successtully decoded
a quick access message that an MS transmitted along with the BR indicator. That 1s, if
the BS has successtully decoded the quick access message, the MSG decoding
indicator tield 1s set to '1'. If the BS has failed to decode the quick access message, the
MSG decoding indicator field is set to 'O'. In the latter case, the BS and the MS
transition from the 3-step quick access BR procedure to the 5-step regular BR

procedure. That 1s, the BS allocates resources tor transmission of a BW-REQ message
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to the MS and the MS transmits the BW-REQ message to the BS in the allocated
resources. Then the BS allocates resources to the MS and the MS transmits data in the
allocated resources to the BS.

[30] Information indicating whether quick access messages have been successtully
decoded may be represented as 1llustrated in Table 4. Table 4 1llustrates part of an

exemplary BR indicator.

[81] Table 4
[Table 4]
[ Table |

Fields Notes

Number of Recelved codes (L)

Success of detected code # Total number of detected BR codes transmitted

along with successtully decoded quick access

messages

For (n=0; n<Success detected code

#:n++){

Code index Index ot detected BR code transmitted along
with successtully decoded quick access
message

h

Fail detected code # Total number of detected BR codes transmitted

along with failed quick access messages

For (n=0; n<Fail detected code

#;n++){
Code index Index ot detected BR code transmitted along
with failed quick access message
j
[82] In Table 4, Success detected code # indicates the number of BR indicators

transmitted along with quick access messages that have been successtully decoded at
the BS. The ACK includes the code indexes of these BR indicators transmitted along
with the successtully decoded quick access messages.

|83] Fail detected code # indicates the number of BR indicators transmitted along with
quick access messages that have not been successtully decoded at the BS. The ACK
includes the code indexes ot these BR indicators transmitted along with the tailed

quick access messages.
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|84 ] Grant indicator indicates whether the BS allocates resources to an MS that
transmitted a BR indicator successtully received at the BS, by the ACK. It the BS
allocates resources to the MS by the ACK, the Grant indicator field 1s set to '1" and 1t
the BS does not allocate resources to the MS by the ACK, the Grant indicator tield 1s
set to '0'. The BS allocates resources of a fixed size by the ACK. Specifically, when al-
locating resources for transmission of a BW-REQ message or an RNG-REQ message,
the BS may use the ACK. Then the MS modulates and encodes transmission data in a

predetermined Modulation and Coding Scheme (MCS) using the resources allocated

by the ACK trom the BS.

[85] A Masked Cyclic Redundancy Check (MCRC) 1s a CRC masked by a reserved
STID.

[86] The BS may reserve an STID for an ACK to be 1ssued for each of a BR indicator and

a ranging indicator carried in a frame, a subtframe, or a transmission opportunity. That
1s, The CRC of an ACK as a response to a BR indicator 1s masked by an STID
reserved for a tframe, subframe or transmission opportunity.

[87] Alternatively or additionally, the BS may reserve an STID for an ACK tor each of a
BR 1ndicator and a ranging indicator. That 1s, the CRC ot an ACK for a BR indicator 1s
masked by an STID reserved for the BR indicator and the CRC of an ACK for a
ranging indicator 1s masked by an STID reserved tor the ranging indicator.

|33] Upon receipt of an ACK trom the BS, an MS first checks the MCRC of the ACK. It
the MS transmitted a BR indicator to the BS, the MS checks only an ACK masked by
an STID reserved for an ACK being a response to a BR indicator. It the MS
transmitted a ranging indicator to the BS, the MS checks only an ACK masked by an

STID reserved for an ACK being a response to a ranging indicator.

|39] It an STID 1s reserved for a frame, a subframe or a transmission opportunity carrying
an indicator, the MS checks only an ACK masked by the STID.
[O0] For example, if an STID 1s reserved for each frame, an MS that transmitted a BR

indicator in one of transmission opportunities defined in a third frame checks only an
ACK masked by an STID reserved tor the third trame, tor the usage of a BR indicator.

[O1] Besides the fields of Table 1, the ACK may further include a Time duration field and
an Extended ACK field.
[92] It Grant indicator 1s '0', the Time duration field may be included in the ACK, 1n-

dicating when the BS allocates resources. For instance, 1t the Time duration tield 1s
30ms, this implies that the BS will allocate resources to the MS within 30ms. The MS
may reset an associated timer such as a BR timer or a ranging timer to the value set 1n
the Time duration tield.

93] The Extended ACK field indicates whether the BS will transmit an additional ACK
because one ACK does not include all needed intormation. The Extended ACK field
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may exist for every transmission opportunity or for a whole ACK. Table 5 illustrates
one Extended ACK field that exists for every transmission opportunity, and FIG. 5 1l-
lustrates one Extended ACK ftield that exists tor a whole ACK.

[94] Table 5
| Table 5]

F1elds

Potes

ACK Bitmap

For (i=0; N Slots; i+t) {

If (ACK Bitmapli] == 1) {

Extended ACK

Number of Received codes (L)The number of code indices included in this ACK.

[95] Referring to Table 5, 1f an ACK 1s not so suftticient as to include all ACK contents
for a transmission opportunity, such as code indexes, message decoding indicators,
etc., the Extended ACK ftield 1s set to '1' tor the transmission opportunity. The
remaining ACK contents that are not carried in the ACK are transmitted in an ad-
ditional ACK. If the Extended ACK field 1s '0’, this means that all ACK contents are
included 1n the ACK. Thus the additional ACK 1s not transmitted for the transmission
opportunity.

196] Table 6
[Table 6]

Fields Notes

ACK Bitmap
Extended ACK

For (i=0; N Slots; i++) {

If (ACK Bitmapli] == 1) {

Number of Received codes (L) [The number of code i1ndices 1ncluded 1n this ACK.
’
197 ] It an additional ACK 1ncludes an ACK Bitmap field covering all transmission oppor-

tunities, the ACK bitmap tield should be set to be identical to the ACK Bitmap field of
an initially transmitted ACK. It a bit of the ACK Bitmap tield corresponding to a
transmission opportunity 1s 1 and no code index for the transmission opportunity 1s

received 1n a DL trame or subtrame carrying the ACK, an MS determines that 1t has
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98]
[99]
[ 100]

[ 101]

[ 102]

[ 103]

[ 104]

[ 1035]

[ 106]

[107]

failed to receive the ACK, considering it as an implicit ACK.

Now a description will be made of how an ACK 1is transmitted.

The BS may transmit an ACK by an A-MAP IE, a broadcast message, or both.

Considering that a limited amount of information can be carried in one A-MAP IE,
the BS may select an ACK transmission scheme according to the amount of ACK
contents to thereby reduce the decoding complexity of the A-MAP IE.

When the BS transmits an ACK in an A-MAP IE, the A-MAP IE basically includes
an A-MAP Type and an MCRC. An A-MAP IE carrying an ACK 1s called an ACK A-
MAP IE, an A-MAP IE carrying a BR indicator 1s called a BR A-MAP IE, and an A-
MAP IE carrying a ranging indicator 1s called a Ranging A-MAP IE.

It the BS transmits an ACK by a broadcast message, the BS transmits an A-MAP IE
specifying the position of resources used to transmit the broadcast message. The A-
MAP IE 1s masked by a reserved STID.

It the BS transmits an ACK by both an A-MAP IE and a broadcast message, it
transmits some fields of ACK contents in the ACK A-MAP IE and the other tields of
the ACK contents in the broadcast message. The ACK contents delivered in the ACK
A-MAP IE may vary with the number of ACK contents. For example, the ACK A-
MAP IE may carry Frame index, ACK Bitmap, transmission opportunity indexes, and
state indicators, whereas the broadcast message may carry the remaining fields.

The ACK A-MAP IE may specity the transmission position of the broadcast
message. When the ACK 1s transmitted at a time point spaced from the time of
reception of a BR indicator transmitted by an MS by a predetermined value known to
both the BS and the MS, the ACK A-MAP IE and the broadcast message may be
transmitted at the same time, or the ACK A-MAP IE may be transmitted at a specific
time point, tollowed by the broadcast message.

As 1s apparent from the above description, the overhead of an ACK can be
minimized by optimizing fields ot the ACK according to the exemplary embodiments
of the present invention.

The exemplary embodiments of the present invention may be achieved by various
means, tor example, hardware, firmware, software, or a combination thereot. In a
hardware configuration, the methods for transmitting control information 1n a wireless
communication system according to the exemplary embodiments of the present
invention may be achieved by one or more Application Specitic Integrated Circuits
(ASICs), Digital Signal Processors (DSPs), Digital Signal Processing Devices
(DSPDs), Programmable Logic Devices (PLDs), Field Programmable Gate Arrays
(FPGASs), processors, controllers, microcontrollers, microprocessors, etc.

In a firmware or software contiguration, the methods for updating a location in a

wireless communication system according to the embodiments of the present invention
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| 108]

| 109]

may be implemented in the form ot a module, a procedure, a tunction, etc. performing
the above-described functions or operations. A software code may be stored 1n a
memory unit and executed by a processor. The memory unit is located at the interior or
exterior of the processor and may transmit and receive data to and trom the processor
via various known means.

Those skilled in the art will appreciate that the present invention may be embodied 1n
other specitic forms than those set forth herein without departing trom the spirit and
essential characteristics ot the present invention. The above description 1s theretore to
be construed in all aspects as illustrative and not restrictive. The scope of the invention
should be determined by reasonable interpretation ot the appended claims and all
changes coming within the equivalency range of the invention are intended to be
embraced 1n the scope of the invention.

It 1s obvious to those skilled 1n the art that claims that are not explicitly cited in each
other 1n the appended claims may be presented in combination as an exemplary em-
bodiment of the present invention or included as a new claim by a subsequent

amendment after the application 1s filed.
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- CLAIMS:
1. A method for receiving an acknowledgment (ACK) at a Mobile Station (MS)

in a wireless communication system, the method comprising:
transmitting a bandwidth request indicator to a Base Station (BS); and

S recerving an ACK for the transmitted bandwidth request indicator from the BS,
the ACK including a first start offset field which contains either most significant bits (MSBs)

of a start offset of resource allocation allocated by the ACK or a value indicating that there is

no resource allocation in the ACK,

wherein the ACK further includes a second start offset field which contains
10 least significant bits (LLSBs) of the start offset of the resource allocation 1f the first start offset

~ value contains the MSBs of the start offset of the resource allocation,

wherein the ACK does not include the second start offset field if the first start

oftset value contains the value indicating that there 1s no resource allocation in the ACK.

2. The method according to claim 1, wherein only resources of a fixed size are

15 allocated by the ACK.

3. The method according to claim 1, wherein the ACK further includes a Cyclic
Redundancy Check (CRC) masked by a predetermined value reserved for the ACK.

4. A method for transmitting an acknowledgment (ACK) at a Base Station (BS)

1In a wireless communication system, the method comprising:

20 receiving one or more bandwidth request indicators from a Mobile Station

(MS); and

transmitting the ACK for the received bandwidth request indicators to the MS,
the ACK including a first start offset field which contains either most significant bits (MSBs)
of a start offset of resource allocation allocated by the ACK or a value indicating that there 1s

25 no resource allocation in the ACK,
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wherein the ACK further includes a second start offset field which contains

least significant bits (LSBs) of the start offset of the resource allocation if the first start offset

value contains the MSBs of the start offset of the resource allocation,

wherein the ACK does not include the second start oftset field 1t the first start

offset value contains the value indicating that there 1s no resource allocation in the ACK.

5. The method according to claim 4, wherein only resources of a fixed size are
allocated by the ACK.
6. The method according to claim 4, wherein the ACK further includes a Cyclic

Redundancy Check (CRC) masked by a predetermined value reserved for the ACK.

7. The method of claim 1, wherein the ACK further includes a HFA start offset

" field to indicate a start offset of HARQ feedback allocation, only if the first start offset value

contains the MSBs of the start offset of the resource allocation.

8. The method of claim 4, wherein the ACK further includes a HFA start offset
field to indicate a start offset of HARQ feedback allocation, only if the first start offset value

contains the MSBs of the start offset of the resource allocation.
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