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Description

METHOD FOR TRANSMITTING DATA IN WIRELESS COM-

[1]

[2]

[3]

[4]

MUNICATION SYSTEM
Technical Field

The present invention relates to wireless communications, and more particularly, to a
method for transmitting data by using a frame including a various-sized transmission

time interval (TTI) that is a basic unit of scheduling.

Background Art

The institute of electrical and electronics engineers (IEEE) 802.16 standard provides
a technique and protocol for supporting broadband wireless access. The stan-
dardization had been conducted since 1999 until the IEEE 802.16-2001 was approved
in 2001. The IEEE 802.16-2001 is based on a physical layer of a single carrier (SC)
called 'WirelessMAN-SC'. The IEEE 802.16a standard was approved in 2003. In the
IEEE 802.16a standard, 'WirelessMAN-OFDM' and 'WirelessMAN-OFDMA' are
further added to the physical layer in addition to the 'WirelessMAN-SC'. After
completion of the IEEE 802.16a standard, the revised IEEE 802.16-2004 standard was
approved in 2004. To correct bugs and errors of the IEEE 802.16-2004 standard, the
IEEE 802.16-2004/Cor1 (hereinafter, IEEE 802.16e) was completed in 2005 in a
format of 'corrigendum'.

Recently, standardization on the IEEE 802.16m is in progress as a new technical
standard based on the IEEE 802.16e. The IEEE 802.16m, which is a newly developed
technical standard, has to be designed to support the previously designed IEEE
802.16e. That is, a technology (i.e., IEEE 802.16m) of a newly designed system has to
be configured to operate by effectively incorporating a conventional technology (i.e.,
IEEE 802.16¢). This is called backward compatibility. The backward compatibility
considered in the design of IEEE 802.16m is as follows.

First, a new user equipment (UE) employing a new technology has to operate with
the same performance as a legacy UE employing a conventional technology with a
legacy base station (BS). Second, a new system has to operate in the same radio
frequency (RF) subcarrier and the same bandwidth as those of a legacy system. Third,
a new BS has to support a case where a new UE and a legacy UE coexist in the same
RF subcarrier, and overall system performance has to be improved by a ratio of the
new UE. Fourth, a new BS has to support a handover of a legacy UE and a handover of
the new UE such that their handover performances conform to those of legacy BSs.
Fifth, a new BS has to support both a UE and a legacy UE to the same level as that
supported by a legacy BS to the legacy UE.
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A BS performs scheduling to allocate radio resources to a UE. The scheduling is
performed in a medium access control (MAC) layer which is an upper layer of a
physical layer for transmitting data through a radio channel. A transmission time
interval (TTI) is a basic unit of scheduling performed in the MAC layer. The TTI may
be a unit of radio resource allocation. Control information on radio resource allocation
can be transmitted together for each TTI transmitted in the physical layer. In general, a
TTI size is determined by considering a size of transmission data, a data transmission
latency in hybrid automatic repeat request (HARQ), an overhead caused by control in-
formation, etc. For example, if the TTI size is set to be less than a data transfer block, a
transfer block segmentation process has to be performed in the MAC layer, which
results in an overhead in performance of the MAC layer. In addition, latency and
complexity may increase in a transmission process since the data transfer block is
transmitted through a plurality of TTIs. On the other hand, if the TTI size is set to be
significantly larger than the data transfer block, the number of data transfer blocks to
be multiplexed to one TTI increases. Accordingly, control information is additionally
required for the multiplexed data transfer block, thereby increasing an overhead caused
by the control information.

When the TTI size is fixed to one size with respect to various-sized data, a problem
may arise in that latency and complexity increase in the transmission process or an
overhead caused by the control information increases. For example, a normal data
packet of internet Protocol (IP) traffic has a size of approximately 500 bytes, and a
voice packet of a voice over IP (VoIP) service has a size of approximately 30 to 40
bytes. In addition, since the IEEE 802.16m system has to provide more various types
of data services while satisfying a backward compatibility with the IEEE 802.16e
system, the use of the TTI whose size is fixed to one size cannot satisfy the various
types of data services.

Accordingly, there is a need for a method capable of adaptively employing a TTI to

satisfy various types of data services.

Disclosure of Invention

Technical Problem

The present invention provides a method for transmitting data by using a frame
employing a various-sized transmission time interval (TTI).
Technical Solution

In an aspect, a method for transmitting data in a wireless communication system
includes transmitting first data through a radio resource allocated in a unit of a default

transmission time interval (TTI) including at least one sub-frame in a frame including a
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plurality of sub-frames consisting of a plurality of orthogonal frequency division mul-
tiplexing (OFDM) symbols, and transmitting second data through a radio resource
allocated in a unit of a modified TTI obtained by changing the number of sub-frames
included in the default TTI in the frame.

In another aspect, a method for transmitting data in a wireless communication system
includes transmitting first data through a first region assigned within a frame for a first
system, and transmitting second data through a second region assigned within the
frame for a second system, wherein a various-sized TTI that is a basic unit of

scheduling is assigned to at least one of the first region and the second region.

Advantageous Effects

Data transfer efficiency can be increased since a suitable-sized transmission time
interval (TTI) can be assigned to various types of data in one frame.
Brief Description of Drawings

FIG. 1 shows a wireless communication system.

FIG. 2 shows an example of a frame structure.

FIG. 3 shows a hierarchical frame structure according to an embodiment of the
present invention.

FIG. 4 shows an example of a basic frame structure.

FIG. 5 shows a frame employing a various-sized transmission time interval (TTI)
according to an embodiment of the present invention.

FIG. 6 shows a frame employing a various-sized TTI according to another
embodiment of the present invention.

FIG. 7 shows a duplex frame according to an embodiment of the present invention.

FIG. 8 shows a duplex frame according to another embodiment of the present
invention.

FIG. 9 shows a duplex frame according to another embodiment of the present

invention.

Mode for the Invention

FIG. 1 shows a wireless communication system. The wireless communication system
can be widely deployed to provide a variety of communication services, such as
voices, packet data, etc.

Referring to FIG. 1, the wireless communication system includes at least one user
equipment (UE) 10 and a base station (BS) 20. The UE 10 may be fixed or mobile, and
may be referred to as another terminology, such as a mobile station (MS), a user
terminal (UT), a subscriber station (SS), a wireless device, etc. The BS 20 is generally

a fixed station that communicates with the UE 10 and may be referred to as another
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terminology, such as a node-B, a base transceiver system (BTS), an access point, etc.
There are one or more cells within the coverage of the BS 20.

A downlink represents a communication link from the BS 20 to the UE 10, and an
uplink represents a communication link from the UE 10 to the BS 20. In downlink, a
transmitter may be a part of the BS 20, and a receiver may be a part of the UE 10. In
uplink, the transmitter may be a part of the UE 10, and the receiver may be a part of
the BS 20.

There is no restriction on multiple access schemes used in the wireless com-
munication system. Various multiple access schemes may be used such as code
division multiple access (CDMA), time division multiple access (TDMA), frequency
division multiple access (FDMA), single-carrier FDMA (SC-FDMA), orthogonal
frequency division multiple access (OFDMA), etc.

FIG. 2 shows an example of a frame structure. A frame is a data sequence used
according to a physical specification in a fixed time duration. This may be found in
section 8.4.4.2 of the "Part 16: Air Interface for Fixed Broadband Wireless Access
Systems" in the institute of electrical and electronics engineers (IEEE) standard
802.16-2004 (hereinafter, Document 1).

Referring to FIG. 2, the frame includes a downlink (DL) frame and an uplink (UL)
frame. In a time division duplexing (TDD) scheme, UL and DL transmissions are
achieved at different time points but share the same frequency band. The DL frame is
temporally prior to the UL frame. The DL frame sequentially includes a preamble, a
frame control header (FCH), a DL-MAP, a UL-MAP, and a burst region. Guard times
are provided to identify the UL frame and the DL frame and are inserted to a middle
portion (between the DL frame and the UL frame) and a last portion (next to the UL
frame) of the frame. A transmit/receive transition gap (TTG) is a gap between a DL
burst and a subsequent UL burst. A receive/transmit transition gap (RTG) is a gap
between a UL burst and a subsequent DL burst.

A preamble is used between a BS and a UE for initial synchronization, cell search,
and frequency-offset and channel estimation. The FCH includes information on a
length of a DL-MAP message and a coding scheme of the DL-MAP.

The DL-MAP is a region for transmitting the DL-MAP message. The DL-MAP
message defines access to a DL channel. The DL-MAP message includes a con-
figuration change count of a downlink channel descriptor (DCD) and a BS identifier
(ID). The DCD describes a DL burst profile applied to a current MAP. The DL burst
profile indicates characteristics of a DL physical channel. The DCD is periodically
transmitted by the BS by using a DCD message.

The UL-MAP is a region for transmitting a UL-MAP message. The UL-MAP

message defines access to a UL channel. The UL-MAP message includes a con-
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figuration change count of an uplink channel descriptor (UCD) and also includes an
effective start time of uplink allocation defined by the UL-MAP. The UCD describes a
UL burst profile. The UL burst profile indicates characteristics of a UL physical
channel and is periodically transmitted by the BS by using a UCD message.

Hereinafter, a slot is a minimum unit of possible data allocation, and is defined with a
time and a subchannel. The number of subchannels depends on a fast Fourier transform
(FFT) size and time-frequency mapping. Each subchannel includes a plurality of
subcarriers. The number of subcarriers included in each subchannel differs according
to a permutation rule. Permutation denotes mapping from a logical subchannel to a
physical subcarrier. In full usage of subchannels (FUSC), each subchannel includes 48
subcarriers. In partial usage of subchannels (PUSC), each subchannel includes 24 or 16
subcarriers. A segment denotes at least one subchannel set.

In order for data to be mapped to physical subcarriers in a physical layer, two steps
are generally performed on the data. In a first step, the data is mapped to at least one
data slot on at least one logical subchannel. In a second step, each logical subchannel is
mapped to a physical subcarrier. This is called permutation. Examples of the
permutation rule employed in the Document 1 above include FUSC, PUSC, optional-
FUSC (O-FUSC), optional-PUSC (O-PUSC), adaptive modulation and coding (AMC),
etc. A set of orthogonal frequency division multiplexing (OFDM) symbols using the
same permutation rule is referred to as a permutation zone. One frame includes at least
one permutation zone.

The FUSC and the O-FUSC are used only in downlink transmission. The FUSC
consists of one segment including all subchannel groups. Each subchannel is mapped
to a physical subcarrier distributed over the entire physical channel. This mapping
varies for each OFDM symbol. A slot consists of one subchannel on one OFDM
symbol. The O-FUSC uses a pilot assignment scheme different from that used in the
FUSC.

The PUSC is used both in downlink transmission and uplink transmission. In
downlink, each physical channel is divided into clusters, each of which includes 14
contiguous subcarriers on two OFDM symbols. The physical channel is mapped to six
groups. In each group, pilots are allocated in fixed positions to each cluster. In uplink,
subcarriers are divided into tiles, each of which includes four contiguous physical
subcarriers on three OFDM symbols. The subchannel includes six tiles. Pilots are
allocated to the corners of each tile. The O-PUSC is used only in uplink transmission.
Each tile includes three contiguous physical subcarriers on three OFDM symbols.
Pilots are allocated to the center of each tile.

Now, a frame satisfying a backward compatibility with a legacy system and

employing a various-sized transmission time interval (TTI) will be described. The
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frame satisfying the backward compatibility with the legacy system is referred to as a
duplex frame. The duplex frame includes a resource region supporting the legacy
system and a resource region supporting a new system/evolution system. The legacy
system may be an IEEE 802.16e system. The new system may be an IEEE 802.16m
system. Terminologies used in the IEEE 802.16e frame structure described in FIG. 2
can also be used with the same definition or with a partially modified definition in an
IEEE 802.16m frame structure.

The frame employing a various-sized TTI will be first described, and then the duplex
frame will be described.

FIG. 3 shows a hierarchical frame structure according to an embodiment of the
present invention. This may represent a frequency-time physical resource.

Referring to FIG. 3, the hierarchical frame structure consists of a radio frame (or a
super-frame), a frame, and a sub-frame. The radio frame includes at least one frame.
The frame includes at least one sub-frame.

The radio frame includes at least one radio frame based control region. The radio
frame based control region is referred to as a first control region. The first control
region may be assigned to a first frame among a plurality of frames included in the
radio frame. A common control channel may be assigned to the first control region.
The common control channel is used to transmit information regarding frames con-
stituting the radio frame or control information (e.g., system information) that can be
commonly utilized by all UEs. The system information is necessary information which
must be known to the UEs to communicate with a BS. The BS periodically transmits
the system information. The system information can be periodically transmitted in
every 20~40 milliseconds (ms). A size of the radio frame can be determined by
considering a transmission period of the system information.

Meanwhile, a period of persistent scheduling is approximately 20 ms in a voice over
Internet protocol (VolP) service. In the persistent scheduling, a radio resource
allocated in one frame (or sub-frame) is also allocated in a temporally subsequent
frame (or sub-frame). The persistent scheduling can reduce an overhead caused by
transmission of scheduling information since scheduling performed once is persistently
applied to a plurality of frames (or sub-frames). Considering the transmission period of
system information and the scheduling period of the VolP service, the size of the radio
frame is preferably set to 20 ms. However, the size of the radio frame is not limited
thereto, and thus the size of the radio frame can be set to various sizes by considering
several conditions of a communication system.

A frame is one unit of transmission and can be defined as an interval between
preambles. The frame includes at least one sub-frame, and can include a plurality of

TTIs each having a different size. The TTI is a basic unit of scheduling performed in a
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medium access control (MAC) layer. The TTI may be a unit of radio resource
allocation. One frame may include a default TTI for a transfer block having a normal
size and a modified TTI. The modified TTI includes a partial TTI for a transfer block
having a small size such as a voice packet and a multi TTI for data having a larger size
than a normal transfer block. That is, a radio resource can be allocated in a default TTI
unit or a modified TTI unit within a frame, and one transfer block can be transmitted
through a radio resource allocated in the default TTI unit while another transfer block
can be transmitted through a radio resource allocated in the modified TTI unit.

A frame based control region may be included in the frame. The frame based control
region is referred to herein as a second control region. Information on a plurality of
frames included in a preamble or a frame is included in the second control region. The
second control region may be assigned to all or any one of a plurality of frames
included in the radio frame. The modified TTI may be assigned within a specific
region predetermined for the modified TTI in the frame. A position of the specific
region for the modified TTI and configuration information of the modified TTI may be
reported through the second control region. A size of the frame may be set to 5 ms by
considering a backward compatibility with an IEEE 802.16e frame having a size of 5
ms.

A sub-frame is a minimum unit of constituting the frame, and can be defined as a
plurality of OFDM symbols. The sub-frame is a basic unit of constituting a TTI. One
TTI includes at least one sub-frame. The sub-frame may be a unit of distinguishing a
DL frame and a UL frame in a time division duplex (TDD) scheme in which the DL
frame and the UL frame are temporally divided. When a first resource region for a
legacy system and a second resource region for a new system coexist in one frame, the
sub-frame may be a unit of distinguishing the first resource region and the second
resource region.

A sub-frame based control region may be included in the sub-frame. The sub-frame
based control region is referred to herein as a third control region. Radio resource
allocation information on the sub-frame or the TTI is included in the third control
region. A dedicated control channel may be assigned to the third control region. The
dedicated control channel is used to transmit radio resource allocation information
regarding a specific UE or control information (system configuration information,
etc.,) required by the specific UE. The third control region may be assigned to all sub-
frames included in the frame or may be assigned to each TTI one by one.

To determine a suitable granularity of a sub-frame defined as a plurality of OFDM
symbols, the number of OFDM symbols that can support the legacy system needs to be
taken into account. In addition thereto, the granularity of the sub-frame is defined by

considering various factors, such as a flexibility of downlink and uplink radio resource
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allocation in the TDD scheme, a numerology for unicast and multicast transmission,
maintaining a generality of TDD and frequency division duplex (FDD) frame
structures, a downlink and uplink granularity in the frame, etc. In the IEEE 802.16e
frame, the number of OFDM symbols of the UL frame is a multiple of 3, and uplink
sub-channelization is achieved based on 3 OFDM symbols. The sub-frame may be
defined as 3 OFDM symbols or 6 OFDM symbols or 12 OFDM symbols to support the
legacy system and the generality of the TDD and FDD frame structures. Meanwhile,
when a cyclic prefix (CP) size is modified or a system bandwidth is modified, a sub-
frame defined as 5 or 7 OFDM symbols may exist.

For convenience of explanation, it is assumed hereinafter that the sub-frame has a
size of 3 OFDM symbols. However, the present invention is not limited thereto, and
thus the sub-frame may be defined to have various sizes such as 4 OFDM symbols, 6
OFDM symbols, 8 OFDM symbols, 12 OFDM symbols, etc. When the sub-frame is
defined as 3 OFDM symbols, a TTI having a size of 6 OFDM symbols is referred to as
a default TTI, a TTI having a size of 3 OFDM symbols is referred to a partial TTI, and
a TTI having a size of 12 OFDM symbols is referred to a multi-TTI. If a basic sub-
frame consists of odd-numbered OFDM symbols, only the multi-TTI can be taken into
account.

FIG. 4 shows an example of a basic frame structure.

Referring to FIG. 4, a TDD frame includes 48 OFDM symbols. The frame consists of
8 default TTIs, and each default TTI has a size of 6 OFDM symbols. A transmit/
receive transition gap (TTG) is located between a DL region and a UL region. A
receive/transmit transition gap (RTG) is located between the UL frame and its
subsequent frame. An idle time may be included in the TTG or the RTG according to a
size of a cyclic prefix (CP) to avoid inter-symbol interference. Although the TDD
frame is shown herein, the frame may be an FDD frame in which the DL region and
the UL region are divided in a frequency domain. The default TTI having a size of 6
OFDM symbols can also be used in the FDD frame.

Table 1 shows parameters for the frame. The parameters can be applied to an IEEE
802.16m frame.

Table 1
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[Table 1]
[Table |
Transmission Bandwidth(MHz) 5 10 20
Sampling Frequency(MHz) 5.6 11.2 224
FFT Size 512 1024 2048
Sub-carrier Spacing(kHz) 10.94 10.94 10.94
Tu(us) 91.4 91.4 914
usage Cyclic Prefix Ts(us) OFDM Idle time(us)

(CP) symbols per
Frame

Legacy Support |Tg=1/8 Tu 914+ 11.42= |48 64.64
Mode / 16m 102.82
Dedicated MBS
Legacy Support |Tg=1/16 Tu 914+5.71= |51 47.39
Disabled 16m 97.11
Mode

[52] To satisty a backward compatibility with a frame of the legacy system (i.e., IEEE
802.16e), a transmission bandwidth, a sampling frequency, an FFT size, a sub-carrier
spacing, etc., of the new system may conform to the parameters of the IEEE 802.16e
frame. In addition, in a legacy support mode for supporting the IEEE 802.16e, a CP
length may be determined to be 1/8 of an OFDM symbol, and one frame may be
determined to include 48 OFDM symbols. The CP length corresponding to 1/8 of the
OFDM symbols is unnecessarily long when a delay spread is considered in a current
channel model. Therefore, the CP length needs to be decreased. In a legacy support
disabled mode, a new CP length may be determined to be 1/16 of the OFDM symbol,
and one frame may include 51 OFDM symbols. In this case, among the 51 OFDM
symbols, first three OFDM symbols of the frame may be used for a preamble, a
midamble, a DL/UL control region, a feedback channel, a sounding channel, etc. Al-
ternatively, one of the 3 OFDM symbols may be used for the TTG or RTG with an idle
time. Alternatively, one of the 3 OFDM symbols may be used for the TTG or RTG
with the idle time and the remaining 2 OFDM symbols may be respectively appended
to a basic sub-frame so as to configure a sub-frame consisting of 7 OFDM symbols.
The parameters of Table 1 can be applied to a frame to be described hereinafter.
However, the present invention is not limited thereto, and thus the parameters may

have various values.
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FIG. 5 shows a frame employing a various-sized TTI according to an embodiment of
the present invention.

Referring to FIG. 5, a TDD frame includes 48 OFDM symbols. Herein, the frame
includes a default TTI (i.e., 6 OFDM symbols) and a partial TTI (i.e., 3 OFDM
symbols).

The partial TTI has a size corresponding to 1/n of the default TTI (where n is an
integer satisfying n>1). To maintain an operation period of the default TTI when a data
transfer block is processed in a MAC layer, the number of partial TTIs assigned within
one frame corresponds to an integer multiple of n. A plurality of partial TTIs may be
consecutively assigned without being separated. By doing so, control information on a
partial TTI can be assigned to a TTI located in a preceding position, and its subsequent
partial TTI can share the previously assigned control information without having to use
additional control information. That is, persistent scheduling can be performed on the
partial TTI.

The partial TTI is assigned to a temporally posterior portion of a DL region or a UL
region within the TDD frame. For example, in the TDD frame in which the DL region
is temporally prior to the UL region, the partial TTI for the downlink is assigned to
OFDM symbols located in a posterior portion of the DL region, and the UL region
follows the partial TTI. By locating the partial TTI in the posterior portion of the DL
region or the UL region, a latency of a response signal (i.e., acknowledgment
(ACK)/negative-acknowledgment (NACK) signal) for data transmission can be
minimized in the TDD scheme. For example, when a time required by a UE for de-
modulating and decoding data transmitted through the DL region is 3 default TTIs, an
ACK/NACK signal for data transmitted through O to 23 OFDM symbols can be
received through 30 to 47 OFDM symbols. However, the latency of the ACK/NACK
signal occurs since the ACK/NACK signal for data transmitted through the 24 to 29
OFDM symbols is received through a UL region of a next frame. The partial TTI can
be located in a position of an OFDM symbol at which the latency of the ACK/NACK
signal may occur, and a VoIP service that is insensitive to the latency of the ACK/
NACK signal can be supported through the partial TTI.

The position and number of partial TTIs included in the frame may vary for each
frame. A control region for control information may be assigned to the frame. The
control information may be used to report information regarding the position and
number of partial TTIs included in the frame.

Although a case where the default TTI and the partial TTI are included in the TDD
frame has been described above, the frame may include the multi TTI and the default
TTI, and the default TTI subsequent to the multi TTI may be assigned to a temporally

posterior portion of the DL region or the UL region. A TTI configuration may be
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modified in a frame unit such that one frame consists of a modulated TTI and a next
frame consists of a default TTI. The default TTI and the modified TTI may be assigned
together in the DL region or the UL region not only in the TDD frame but also in the
FDD frame.

FIG. 6 shows a frame employing a various-sized TTI according to another
embodiment of the present invention.

Referring to FIG. 6, a multi TTI (i.e., 12 OFDM symbols), a default TTI (i.e., 6
OFDM symbols), and a partial TTI (i.e., 3 OFDM symbols) are included in a TDD
frame including 48 OFDM symbols.

The multi TTT has a size of an m-multiple of the default TTI (where m is an integer
satisfying m>1). The multi TTI may be first assigned in a time domain within the
frame, and thereafter the default TTI may be assigned, followed by the partial TTIL. In
case of the multi TTI, if sub-frames each having a different size exist within the frame,
a size of the multi TTI may be not an m-multiple of the default TTI but a sum of
frames each having a different size. A relatively large-sized data transfer block is
assigned to the multi TTI, and thus an ACK/NACK signal may be more frequently
transmitted than a normal data transfer block. Therefore, to minimize a latency of the
ACK/NACK signal, the multi TTI may be assigned preferentially to the default TTI or
the partial TTI. However, the multi TTI, the default TTI, and the partial TTI included
in the frame do not have a fixed position or order. Information regarding assignment or
non-assignment of each TTI, the position and number of TTIs, etc., may be reported
through a control region assigned to the frame.

Now, the duplex frame satisfying a backward compatibility with the legacy system
will be described. Hereinafter, for convenience of explanation, any entity related to the
legacy system is named using a prefix of ‘1™, and any entity related to the new system
is named using a prefix of 2" The legacy system is referred to as a 1" system. The
new system is referred to as a 2" system. A UE that can use a service of the 1* system
is referred to as a 1* UE. A UE that can use a service of the 2 system is referred to a 2
" UE. A BS that provides the service of the 1* system is referred to as a 1™ BS. A BS
that provides the services of the 1" system and the 2" system is referred to as a 2" BS.
The 2™ UE can use not only the service of the 2™ system but also the service of the 1™
system, while the 1 UE may not be able to use the service of the 2" system. That is,
the 2™ UE can decode all resource regions in a duplex frame structure, while the 1* UE
can decode radio resources limited to a first frame. A legacy only mode is a mode in
which only the service of the 1" system is provided. A legacy disabled mode is a mode
in which only the service of the 2" system is provided. A legacy support mode is a
mode in which both the services of the 1" system and the 2" system are provided.

FIG. 7 shows a duplex frame according to an embodiment of the present invention.
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The duplex frame has a structure for the legacy support mode.

Referring to FIG. 7, the duplex frame includes a DL frame and a UL frame. A TDD
scheme is used herein in which the DL frame is temporally prior to the UL frame. The
DL frame and the UL frame are divided in a sub-frame unit defined as 3 OFDM
symbols. The DL frame includes a control region, a 1* DL region, and a 2" DL region.
In the DL frame, the 1" DL region is temporally prior to the 2" DL region. The UL
frame includes a 1™ UL region and a 2™ UL region. In the UL frame, the 1* UL region
is temporally prior to the 2™ UL region. Division of the 1™ DL region and the 2™ DL
region and division of the 1" UL region and the 2" UL region are achieved in the sub-
frame unit.

In the TDD-based duplex frame, the 1% DL region and the 1™ UL region (or the 2™
DL region and the 2" UL region) may be temporally divided. Herein, the 2" DL
region is assigned to a posterior portion of the DL frame and the 2" UL region is
assigned to a posterior portion of the UL frame, and thus the 2" DL region and the 2"
UL region are separated by a length of the 1" UL region. In this case, the 2" DL region
and the 2™ UL region may be assigned by being separated in consideration of a data
processing time. That is, in the duplex frame, the 1" DL region and the 1" UL region
(or the 2™ DL region and the 2" UL region) may be assigned by being separated by a
length of the data processing time.

Herein, the TTI has a size of 6 OFDM symbols, that is, a size of 2 sub-frames. As a
basic scheduling unit or a radio resource allocation unit, the TTI can be defined as a
multiple of the number of sub-frames. In the duplex frame, the TTI may have a various
size, and a suitable-sized TTI may be defined as a default TTI as described above. To
determine a suitable granularity of the TTI, a data latency, an overhead caused by
control signaling, etc., have to be taken into account.

The data latency is defined as a time required for processing and transmitting data.
The data latency is significantly affected by a TTI configuration. For example,
according to the TTI configuration, a delay time of a hybrid automatic repeat request
(HARQ) process may be increased and thus the data latency may also be increased. In
general, the less the TTI, the better the system performance for the data latency.

Table 2 shows an example of a data latency according to a TTI configuration in a
TDD-based frame. Table 3 shows an example of a data latency according to a TTI con-
figuration in an FDD-based frame. A data latency and a round trip time (RTT) of
HARQ are shown herein when a TTI consists of 3 OFDM symbols (i.e., 1 sub-frame),
6 OFDM symbols (i.e., 2 sub-frames), and 12 OFDM symbols (i.e., 4 sub-frames) with
respect to the case where the data latency Tp is 1 ms, 2 ms, and 3 ms. In the TDD
scheme, a ratio of a DL region and a UL region is 2:1.

Table 2
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[Table 2]
[Table |
Latency and Reference 3 OFDM 6 OFDM 12 OFDM
RTT System(IEEE |symbols/TTI symbols/TTI symbols/TTI
802.16e)

Downlink(ms)(T [5.417/6.167/6.(1.353/1.934/2.7 [1.675/2.650/3.2 |2.875/3.750/5.0
p: 167 12 50 00
Ims/2ms/3ms)
Uplink(ms)(Tp: [5.667/5.667/5.|1.484/1.719/3.0 [1.750/2.875/3.3 |2.375/3.875/4.2
Ims/2ms/3ms) |667 00 13 5
DL MAX 9/11/11 16/26/32 8/15/17 7/9/12
RTT(TTI)
DL MIN 8/9/9 10/16/22 6/10/12 4/6/10
RTT(TTI)

[70] Table 3
[Table 3]
[Table |
Latency and RTT 3 OFDM symbols/ |6 OFDM symbols/ |12 OFDM

TTI TTI symbols/TTI

Downlink(ms)(Tp:  |1.156/1.719/2.281 1.563/2.312/5.188  [2.375/3.125/3.875
Ims/2ms/3ms)
Uplink(ms)(Tp: 1.156/1.719/2.281 1.563/2.312/5.188  [2.375/3.125/3.875
Ims/2ms/3ms)
DL RTT(TTTI) 10/16/22 6/10/12 4/6/8

[71] This result is obtained through experiments on a latency from transmission of initial

downlink data to transmission of an ACK/NACK signal, a latency from transmission
of the ACK/NACK signal to retransmission of data, and a latency from retransmission
of data to reception of the retransmitted data. It is assumed herein that information on
resource allocation is included in each downlink sub-frame, an ACK/NACK signal is
transmitted for each sub-frame, a maximum retransmission number is 1 with a re-
transmission rate of 30%, and a processing time for generating the ACK/NACK signal
and decoding data in downlink and a processing time for scheduling and decoding the
ACK/NACK signal in uplink are 1 to 3 ms. According to the experiment result, the
less the TTI length, the less the data latency, thereby more improving system
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[72] Table 4 shows a data latency according to a configuration of a DL region and a UL

[73]

[74]

[75]

[76]

[77]

region in a TDD-based frame. Herein, a TTI has a size of 6 OFDM symbols, and a

processing time Tp is 3 ms.

Table 4
[Table 4]
[Table |
Latency(ms |One TTG/ |One TTG/ |One TTG/ [Two TTG/ Two TTG/
) RTG6DL:2 [RTG5DL:3 |[RTG4DL:4 |RTG3DL:1UL: [RTG2DL:2UL:
UL UL UL 3DL:1UL 2DL:2UL
Downlink |3.343 3.250 3.438 3.063 2.688
Uplink 3.343 3.313 3.344 2.688 2.688

When the frame includes one TTG/RTG, the data latency is approximately 3.3 to 3.5
ms according to a ratio of the DL region and the UL region. When the frame includes
two TTGs/RTGs, that is, when the DL region and the UL region are separated by being
divided within the frame, the data latency is approximately 2.7 ms, which shows more
improved performance. The frame structure having two TTGs/RTGs can be applied
when all neighboring cells use the legacy disabled mode with the same TTG/RTG con-
figuration.

There is another factor to be considered to determine a suitable granularity of the
TTI. Thatis, a TTI granularity has to be determined by avoiding an unnecessary
overhead caused by control signaling while satisfying a backward compatibility with
the 1" system in a duplex frame structure for the 2" system. In the duplex frame,
control information on the 2™ system may be additionally included in control in-
formation on 1% system. The control information on the 2" system may be transmitted
through a common control channel and a dedicated control channel. The common
control channel may be assigned to a control region of the duplex frame. System
control information is broadcast through the common control channel. The system
control information represents information on a TTI configuration or information on
the dedicated control channel. The dedicated control channel may be assigned to each
TTI. Radio resource allocation information on the 2™ system is transmitted through the
dedicated control channel.

Table 5 shows an example of an overhead caused by control signaling according to
various TTI configurations.

Table 5
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[Table 5]

[Table |
Reference 3 OFDM 6 OFDM 12 OFDM
System symbols/TTI  |[symbols/TTI |symbols/TTI

# of DL TTIs 1 10 5 3

#of UL TTIs 1 6 3 1

# of dedicated control |3 10 5 3

blocks

Common control 30 44 34 30

(byte)

Dedicated control 429 468 440 429

(byte)

Req. subcarriers per |48 48 48 48

byte (Common

control)

Req. subcarriers per 6.47 4.61 4.79 6.47

byte (Dedicated

control)

Total required 4216 4269 3740 4216

subcarriers

[78]

[79]

[80]

In the 1¥ system (i.e., reference system), the number of blocks of the dedicated
control channel is 3 per one frame. On the other hand, in the 2" system, the number of
blocks of the dedicated control channel is determined to be 1 per TTI. Fixed
modulation and coding schemes (MCS) are used for the common control channel, and
the number of required subcarriers is 48. In case of the dedicated control channel, a
different MCS is used according to a location of a UE, and thus the number of required
subcarriers may vary. When the number of total required subcarriers is compared with
respect to the common control channel and the dedicated control channel, a minimum
overhead occurs when a TTI granularity is set to a size of 6 OFDM symbols. A
suitable TTI granularity may be set to a size of 6 OFDM symbols.

As such, the duplex frame can be configured by determining 6 OFDM symbols (i.e.,
2 sub-frames) as a default TTI in consideration of a data latency and an overhead
caused by control signaling. In addition, a partial TTI, a multi TTI, etc., for various-
sized data may be assigned to the duplex frame according to the default TTI.

FIG. 8 shows a duplex frame according to another embodiment of the present
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invention.

Comparing with FIG. 7, FIG. 8 shows a case where a 2" DL region is temporally
prior to a 1" DL region in a DL frame.

A data latency may be affected according to assignment of a DL region and a UL
region in a TDD-based duplex frame. If the duplex frame has a size of 5 ms and a data
processing time is 1 to 3 ms, the duplex frame has a structure in which the 2" DL
region a the 2" UL region are assigned by being more separated than FIG. 7, thereby
reducing a data latency with respect to the 2" system. In the duplex frame, it is
preferable to assign the 1% DL region and a 1" UL region (or the 2" DL region and the
2" UL region) by considering the data processing time.

In addition thereto, the 1* DL region may be temporally prior to the 2" DL region
within the DL frame of the duplex frame, and the 2" UL region may be temporally
prior to the 1" UL region within the UL frame. Further, the 2" DL region may be
temporally prior to the 1" DL region within the DL frame of the duplex frame, and the
2" UL region may be temporally prior to the 1* UL region within the UL frame. That
is, the 1" DL region and the 2" DL region within the DL frame are assigned using a
TDM scheme in which any one of the 1" and 2" DL regions is temporally prior to the
other region, and the 1" UL region and the 2" UL region within the UL frame may be
assigned in the same temporal order as the DL frame or in a reverse temporal order of
the DL frame.

It has been described above that the duplex frame is configured with a 1/8 CP length
and 48 OFDM symbols, and thus the default TTI is defined as 2 sub-frames (i.e., 2
sub-frames per TTI). However, the default TTI may be defined as one sub-frame (i.e.,
1 sub-frame per TTI) or four sub-frames (i.e., 4 sub-frames per TTI), and thus the
partial TTI or the multi TTI may be differently defined. Although it has been described
that a ratio of sub-frames included in the DL frame and the UL frame in the duplex
frame is 8:8, there is no limit in the ratio of the sub-frames included in the DL frame
and the UL frame. Thus, the duplex frame can be configured in a sub-frame unit with a
variety of ratios. The number of OFDM symbols and the CP length used in the duplex
frame are not limited to the above description. Thus, the duplex frame may be
configured with a 1/16 CP length and 51 OFDM symbols, and various modification
may be made therein.

FIG. 9 shows a duplex frame according to another embodiment of the present
invention.

Referring to FIG. 9, the duplex frame consists of a DL. frame including 10 sub-
frames and a UL frame including 6 sub-frames. A 1" DL region and a 2" DL region
are included in the DL frame. When a default TTI is defined as 6 OFDM symbols, a
partial TTI having a size of 3 OFDM symbols is included in the 2" DL region. The
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partial TTI is assigned to a temporally last portion of the DL frame. The partial TTI
may be assigned for transmission of small-sized data such as a voice packet of a VoIP
service.

Although it is described herein that the partial TTI is used in the 2" DL region, a
multi TTI may be assigned in addition to the partial TTI, and a modified TTI may be
used in any position within the duplex frame, such as the 1* DL region, a 1* UL region,
a2 UL region, etc. For example, when an ACK/NACK signal is transmitted by a 2"
UE in uplink, the partial TTI is assigned to the 2" UL region so that the 2 UE ef-
fectively transmits the ACK/NACK signal through the partial TTI. A common control
channel may be assigned to the duplex frame so that the UE is informed with in-
formation regarding a region using the partial TTI and a position of the partial TTI. In
addition, a dedicated control channel may be assigned to each TTI of the duplex frame
so that the UE is informed with information regarding an allocated resource region.

Every function as described above can be performed by a processor such as a micro-
processor based on software coded to perform such function, a program code, etc., a
controller, a micro-controller, an ASIC (Application Specific Integrated Circuit), or the
like. Planning, developing and implementing such codes may be obvious for the skilled
person in the art based on the description of the present invention.

Although the embodiments of the present invention have been disclosed for il-
lustrative purposes, those skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing from the scope of the
invention. Accordingly, the embodiments of the present invention are not limited to the
above-described embodiments but are defined by the claims which follow, along with

their full scope of equivalents.
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Claims

A method for transmitting data in a wireless communication system, the method
comprising:

transmitting first data through a radio resource allocated in a unit of a default
transmission time interval (TTI) comprising at least one sub-frame in a frame
comprising a plurality of sub-frames consisting of a plurality of orthogonal
frequency division multiplexing (OFDM) symbols; and

transmitting second data through a radio resource allocated in a unit of a
modified TTI obtained by changing the number of sub-frames included in the
default TTI in the frame.

The method of claim 1, wherein a size of the modified TTI is 1/n of a size of the
default TTI, and the number of TTIs included in the frame is an integer multiple
of n, where n is an integer satisfying n>1.

The method of claim 1, wherein the modified TTI has a size which is m times
higher than a size of the default TTI, where m is an integer satisfying m>1.

The method of claim 1, wherein the frame comprises a downlink frame and an
uplink frame, and the default TTI is temporally prior to the modified TTI in the
downlink frame or the uplink frame.

The method of claim 1, wherein the frame comprises a control region, and con-
figuration information about the default TTI and the modified TTI is transmitted
through the control region.

The method of claim 1, wherein the modified TTI is assigned within a specific
region pre-designated for the modified TTI in the frame.

The method of claim 6, wherein a position of the specific region pre-designated
for the modified TTI and configuration information of the modified TTI are
transmitted through a control channel.

The method of claim 1, wherein the frame comprises a first region for a first
system and a second region for a second system having a backward compatibility
for the first system, and the modified TTI is assigned to at least one of the first
region and the second region.

A method for transmitting data in a wireless communication system, the method
comprising:

transmitting first data through a first region assigned within a frame for a first
system; and

transmitting second data through a second region assigned within the frame for a
second system, wherein a various-sized TTI that is a basic unit of scheduling is

assigned to at least one of the first region and the second region.
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The method of claim 9, wherein the TTI is configured in a sub-frame unit
comprising a plurality of OFDM symbols.

The method of claim 9, wherein the frame comprises a downlink frame and an
uplink frame, the first region and the second region within the downlink frame
are assigned using a time division multiplexing (TDM) scheme in which any one
of the first and second regions is temporally prior to the other region, and the
first region and the second region within the uplink frame are assigned in the
same temporal order as the downlink frame.

The method of claim 9, wherein the frame comprises a downlink frame and an
uplink frame, the first region and the second region within the downlink frame
are assigned using a TDM scheme in which any one of the first and second
regions is temporally prior to the other region, and the first region and the second
region within the uplink frame are assigned in a reverse temporal order of the

downlink frame.
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