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(57) The present invention provided a method and
an apparatus for mapping radio resources in a wireless
communication system. A terminal determines the size
of an RBG (resource block group of a f basic band ac-
cording to the number of RBs (resource blocks) within

the basic band in the overall bands which include the
fundamental band and an aggregated segment band.
The size of an RBG of the aggregated segment band is
determined on the basis of the size of the RBG of the
basic band.
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Description

[Technical Field]

[0001] The present invention relates to wireless com-
munications, and more particularly, to a resource map-
ping apparatus and method in a wireless communication
system and to a resource allocation apparatus and meth-
od.

[Background Art]

[0002] 3rd generation partnership project (3GPP) long
term evolution (LTE) is an improved version of a universal
mobile telecommunication system (UMTS) and is intro-
duced as the 3GPP release 8. The 3GPP LTE uses or-
thogonal frequency division multiple access (OFDMA) in
a downlink, and uses single carrier-frequency division
multiple access (SC-FDMA) in an uplink. The 3GPP LTE
employs multiple input multiple output (MIMO) having up
to four antennas.
[0003] In 3GPP LTE, a resource block (RB) is used as
a basic unit of resource allocation. The RB includes a
plurality of subcarriers and a plurality of orthogonal fre-
quency division multiplex (OFDM) symbols. The RB can
be divided into a physical resource block (PRB) and a
virtual resource block (VRB). According to a rule of map-
ping to the PRB, the VRB is divided again into a localized
VRB (LVRB) and a distributed VRB (DVRB).
[0004] The VRB is used in resource allocation for
downlink transmission or uplink transmission. In down-
link transmission, a base station (BS) reports to a user
equipment (UE) a specific VRB through which a downlink
data packet is transmitted. In uplink transmission, the BS
reports a specific VRB through which the UE transmits
an uplink data packet.
[0005] A data transmission scheme can be divided into
a frequency diversity scheduling (FDS) scheme which
obtains a performance gain by using frequency diversity
and a frequency selective scheduling (FSS) scheme
which obtains a performance gain by using frequency
selective scheduling.
[0006] In the FDS scheme, a transmitter transmits a
data packet to subcarriers distributed in a frequency do-
main. That is, symbols in the data packet experiences
channel fading in the frequency domain. By preventing
all symbols in the data packet from experiencing unfavo-
rable fading, reception performance is improved.
[0007] In the FSS scheme, the transmitter transmits a
data packet by using one or a plurality of contiguous sub-
carriers in a favorable fading state in the frequency do-
main.
[0008] In a wireless communication system, a plurality
of UEs are present in one cell, and a radio channel con-
dition for each UE has a different characteristic. There-
fore, even in the same subframe, one UE may need to
use the FDS scheme and another UE may need to use
the FSS scheme. Accordingly, it is necessary to design

such that the FDS scheme and the FSS scheme can be
multiplexed effectively in one subframe. The FSS
scheme has a gain only when a band favored for the UE
is selectively used in an overall band. On the other hand,
the FDS scheme does not require selective transmission
for a specific frequency band as long as a frequency in-
terval capable of obtaining sufficient diversity is main-
tained, irrespective of whether the specific band is good
or bad.
[0009] The FDS scheme uses the DVRB since data is
transmitted by using subcarriers distributed in the fre-
quency domain. The FSS scheme uses the LVRB since
data is transmitted by using subcarriers contiguous in the
frequency domain.
[0010] In recent years, there is an ongoing discussion
on 3GPP LTE-advanced (LTE-A) that is an evolution of
the 3GPP LTE. The 3GPP LTE-A ensures backward
compatibility with the 3GPP LTE, and supports a wide-
band by using carrier aggregation.
[0011] It is difficult to apply a PRB-VRB mapping meth-
od in the conventional 3GPP LTE, which has a narrower
band than that of the 3GPP LTE-A, directly to the wide-
band 3GPP LTE-A.

[Disclosure]

[Technical Problem]

[0012] The present invention provides a method and
apparatus for mapping a logical radio resource to a phys-
ical radio resource in a wireless communication system.
[0013] The present invention also provides a method
and apparatus for allocating a radio resource in a wireless
communication system.

[Technical Solution]

[0014] In an aspect, a method of mapping a virtual re-
source block (VRB) to a physical resource block (PRB)
by a user equipment in a wireless communication system
is provided. The method includes acquiring a VRB allo-
cation indicating the VRB allocated in an overall band
including a basic band and an aggregated segment band,
determining a resource block group (RBG) size of the
basic band on the basis of the number of resource blocks
(RBs) within the basic band, wherein the number of RBs
included in one RBG corresponds to the RBG size, de-
termining the RBG size of the aggregated segment band
to a value equal to the RBG size of the basic band, de-
termining an RBG set by sequentially arranging RBGs
within the aggregated segment band and RBGs within
the basic band in a frequency domain,and mapping the
VRB, which is allocated on the basis of the VRB allocation
on the RBG set, to the PRB.
[0015] The VRB allocation may include an RBG bitmap
indicating an allocated RBG.
[0016] The VRB allocation may include a subset indi-
cator that indicates a selected subset and a subset bit-
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map that indicates an allocated VRB in the selected sub-
set.
[0017] The VRB allocation may include a resource in-
dication value (RIV) that specifies an RB start point and
the number of allocated RBs.
[0018] The aggregated segment band may include first
and second segment bands, and the first and second
segment bands may be arranged at both sides of the
basic band.
[0019] The number of RBs included in the aggregated
segment band may be a multiple of the RBG size of the
aggregated segment band.
[0020] In another aspect, a user equipment for map-
ping a virtual resource block (VRB) to a physical resource
block (PRB) in a wireless communication system is pro-
vided. The user equipment includes a radio frequency
(RF) unit for transmitting and receiving a radio signal,
and a processor coupled to the RF unit and configured
for acquiring a VRB allocation indicating the VRB allo-
cated in an overall band including a basic band and an
aggregated segment band, determining a resource block
group (RBG) size of the basic band on the basis of the
number of resource blocks (RBs) within the basic band,
wherein the number of RBs included in one RBG corre-
sponds to the RBG size, determining the RBG size of the
aggregated segment band to a value equal to the RBG
size of the basic band, determining an RBG set by se-
quentially arranging RBGs within the aggregated seg-
ment band and RBGs within the basic band in a frequency
domain, and mapping the VRB, which is allocated on the
basis of the VRB allocation on the RBG set, to the PRB.
[0021] In still another aspect, a method of allocating a
virtual resource block (VRB) mapped to a physical re-
source block (PRB) by a base station in a wireless com-
munication system is provided. The method includes de-
termining a VRB allocation indicating the VRB allocated
to a user equipment in an overall band including a basic
band and an aggregated segment band, mapping the
allocated VRB to the PRB, transmitting the VRB alloca-
tion to the user equipment, and transmitting a downlink
data packet to the user equipment by using the PRB,
wherein the mapping of the allocated VRB to the PRB
comprises determining a resource block group (RBG)
size of the basic band on the basis of the number of re-
source blocks (RBs) within the basic band, wherein the
number of RBs included in one RBG corresponds to the
RBG size, determining the RBG size of the aggregated
segment band to a value equal to the RBG size of the
basic band, determining an RBG set by sequentially ar-
ranging RBGs within the aggregated segment band and
RBGs within the basic band in a frequency domain, and
mapping the VRB, which is allocated on the basis of the
VRB allocation on the RBG set, to the PRB.

[Advantageous Effects]

[0022] It provides a resource mapping and resource
allocation method capable of supporting a wider band

while supporting compatibility with a legacy user equip-
ment. Frequency selective scheduling (FSS), Frequency
diversity scheduling (FDS), or a combination thereof can
be applied, and resource allocation information required
for scheduling can be effectively implemented.

[Description of Drawings]

[0023] FIG. 1 shows a downlink radio frame structure
in 3rd generation partnership project (3GPP) long term
evolution (LTE).
[0024] FIG. 2 shows an example of a resource grid for
one downlink slot.
[0025] FIG. 3 shows localized virtual resource block
(LVRB)-physical resource block (PRB) mapping.
[0026] FIG. 4 shows distributed VRB (DVRB)-PRB
mapping.
[0027] FIG. 5 shows resource allocation in 3GPP LTE.
[0028] FIG. 6 shows an example of VRB allocation.
[0029] FIG. 7 shows a type-0 VRB allocation and a
type-1 VRB allocation.
[0030] FIG. 8 shows a type-2 VRB allocation.
[0031] FIG. 9 shows an example of DVRB-PRB map-
ping.
[0032] FIG. 10 shows an example of a block interleav-
er.
[0033] FIG. 11 shows an example of a wideband sys-
tem.
[0034] FIG. 12 shows an example of a resource map-
ping method according to an embodiment of the present
invention.
[0035] FIG. 13 shows an example of a resource map-
ping method according to an embodiment of the present
invention.
[0036] FIG. 14 shows an example of a resource map-
ping method according to an embodiment of the present
invention.
[0037] FIG. 15 is a block diagram showing a wireless
communication system for implementing an embodiment
of the present invention.

[Mode for Invention]

[0038] A user equipment (UE) 12 may be fixed or mo-
bile, and may be referred to as another terminology, such
as a mobile station (MS), a user terminal (UT), a sub-
scriber station (SS), a wireless device, a personal digital
assistant (PDA), a wireless modem, a handheld device,
etc.
[0039] A base station (BS) 11 is generally a fixed sta-
tion that communicates with the UE 12 and may be re-
ferred to as another terminology, such as an evolved
node-B (eNB), a base transceiver system (BTS), an ac-
cess point, etc.
[0040] Each BS provides a communication service to
a specific geographical region (generally referred to as
a cell). The cell can be divided into a plurality of regions
(referred to as sectors).
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[0041] Hereinafter, a downlink (DL) denotes a commu-
nication link from the BS to the UE, and an uplink (UL)
denotes a communication link from the UE to the BS. In
the DL, a transmitter may be a part of the BS, and a
receiver may be a part of the UE. In the UL, the transmitter
may be a part of the UE, and the receiver may be a part
of the BS.
[0042] FIG. 1 shows a DL radio frame structure in 3rd

generation partnership project (3GPP) long term evolu-
tion (LTE). The section 6 of 3GPP TS 36.211 V8.5.0
(2008-12) "Evolved Universal Terrestrial Radio Access
(E-UTRA); Physical Channels and Modulation (Release
8)" may be incorporated herein by reference. A radio
frame consists of 10 subframes indexed with 0 to 9. One
subframe consists of 2 slots. A time required for trans-
mitting one subframe is defined as a transmission time
interval (TTI). For example, one subframe may have a
length of 1 millisecond (ms), and one slot may have a
length of 0.5 ms.
[0043] One slot may include a plurality of orthogonal
frequency division multiplexing (OFDM) symbols in a
time domain. Since the 3GPP LTE uses orthogonal fre-
quency division multiple access (OFDMA) in a downlink,
the OFDM symbol is only for expressing one symbol pe-
riod in the time domain, and there is no limitation in a
multiple access scheme or terminologies. For example,
the OFDM symbol may also be referred to as another
terminology such as a single carrier frequency division
multiple access (SC-FDMA) symbol, a symbol period,
etc.
[0044] Although it is described that one slot includes
7 OFDM symbols for example, the number of OFDM sym-
bols included in one slot may vary depending on a length
of a cyclic prefix (CP). According to 3GPP TS 36.211
V8.5.0 (2008-12), in case of a normal CP, one subframe
includes 7 OFDM symbols, and in case of an extended
CP, one subframe includes 6 OFDM symbols.
[0045] A resource block (RB) is a resource allocation
unit, and includes a plurality of subcarriers in one slot.
For example, if one slot includes 7 OFDM symbols in a
time domain and an RB includes 12 subcarriers in a fre-
quency domain, one RB can include 7x12 resource ele-
ments (REs).
[0046] A subframe is divided into a control region and
a data region in the time domain. The control region in-
cludes up to three preceding OFDM symbols of a 1st slot
in the subframe. The number of OFDM symbols included
in the control region may vary. A physical downlink control
channel (PDCCH) is allocated to the control region, and
a physical downlink shared channel (PDSCH) is allocat-
ed to the data region.
[0047] As disclosed in 3GPP TS 36.211 V8.5.0
(2008-12), the LTE classifies a physical channel into a
data channel, i.e., a physical downlink shared channel
(PDSCH) and a physical uplink shared channel
(PUSCH), and a control channel, i.e., a physical downlink
control channel (PDCCH), a physical control format in-
dicator channel (PCFICH) and a physical hybrid-ARQ

indicator channel (PHICH), and a physical uplink control
channel (PUCCH).
[0048] The PCFICH transmitted in a 1st OFDM symbol
in the subframe carries a control format indicator (CFI)
regarding the number of OFDM symbols (i.e., a size of
the control region) used for transmission of control chan-
nels in the subframe. The UE first receives the CFI
through the PCFICH, and thereafter monitors the PD-
CCH.
[0049] The PHICH carries an acknowledgement
(ACK)/not-acknowledgement (NACK) signal for uplink
hybrid automatic repeat request (HARQ). The ACK/
NACK signal for UL data transmitted by the UE is trans-
mitted through the PHICH.
[0050] Control information transmitted through the PD-
CCH is referred to as downlink control information (DCI).
The DCI may include resource allocation of the PDSCH
(this is referred to as a DL grant), resource allocation of
a PUSCH (this is referred to as a UL grant), a set of
transmit power control commands for individual UEs in
any UE group and/or activation of a voice over Internet
protocol (VoIP).
[0051] The DCI on the PDCCH is received by using
blind decoding. A plurality of candidate PDCCHs can be
transmitted in the control region of one subframe. The
UE monitors the plurality of candidate PDCCHs in every
subframe. Herein, monitoring is an operation in which
the UE attempts decoding of each PDCCH according to
a format of PDCCH to be monitored. The UE monitors a
set of PDCCH candidates in a subframe to find its own
PDCCH. For example, if there is no cyclic redundancy
check (CRC) error detected by performing de-making on
an identifier (i.e., cell-radio network temporary identifier
(RNTI)) of the UE in a corresponding PDCCH, the UE
detects this PDCCH as a PDCCH having the DCI of the
UE.
The control region in the subframe includes a plurality of
control channel elements (CCEs). The CCE is a logical
allocation unit used to provide the PDCCH with a code
rate depending on a wireless channel. The CCE corre-
sponds to a plurality of resource element groups (REGs).
The REG includes a plurality of REs. According to a re-
lation between the number of CCEs and the code rate
provided by the CCEs, the PDCCH format and a possible
number of bits of the PDCCH are determined.
[0052] FIG. 2 shows an example of a resource grid for
one DL slot. A UL slot is also configured in the same
manner as the DL slot.
[0053] The DL slot includes a plurality of OFDM sym-
bols in a time domain. A resource block (RB) is a resource
allocation unit, and includes a plurality of subcarriers in
one slot. It is described herein that one DL slot includes
7 OFDM symbols and one RB includes 12 subcarriers
for exemplary purposes only, and the present invention
is not limited thereto.
[0054] Each element on the resource grid is referred
to as a resource element (RE), and one RB includes 12x7
REs. The number NDL

RB of RBs included in the DL slot
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depends on a transmission bandwidth determined in a
cell.
[0055] The following terminologies are defined.
[0056] A resource element (RE) is a smallest frequen-
cy-time unit by which a modulation symbol of a data chan-
nel or a modulation symbol of a control channel is
mapped. If there are M subcarriers on one OFDM symbol
and if one slot includes N OFDM symbols, then one slot
includes M�N REs.
[0057] A physical resource block (PRB) is a unit fre-
quency-time resource for transmitting data. One PRB
consists of a plurality of REs contiguous in a frequency-
time domain, and a plurality of PRBs are defined in one
subframe.
[0058] A virtual resource block (VRB) is a virtual unit
resource for transmission of the data channel or the con-
trol channel. The number of REs included in one VRB is
equal to the number of REs included in one PRB. For
transmission of the data channel or the control channel,
one VRB can be mapped to the PRB or one VRB can be
mapped to a plurality of PRBs.
[0059] A localized virtual resource block (LVRB) is one
type of the VRB. One LVRB is mapped to one PRB, and
there is no overlapping of PRBs to which different LVRBs
are mapped. The LVRB can be interpreted directly as
the PRB.
[0060] A distributed virtual resource block (DVRB) is
another type of the VRB. One DVRB is mapped to some
REs in a plurality of PRBs, and there is no overlapping
of REs which are mapped to different DVRBs.
[0061] The following parameters are defined.
[0062] ’ND’ denotes the number of PRBs to which one
DVRB is mapped. The DVRB can be divided into ND seg-
ments, and then each segment can be mapped to a dif-
ferent PRB.
[0063] ’NPRB’ denotes the number of PRBs in the sys-
tem.
[0064] ’NLVRB’ denotes the number of available LVRBs
in the system.
[0065] ’NDVRB’ denotes the number of available
DVRBs in the system.
[0066] ’NUE

LVRB’ denotes the maximum number of
LVRBs allocated to a UE.
[0067] ’NUE

DVRB’ denotes the maximum number of
DVRBs allocated to one UE.
[0068] ’Nsubset’ denotes the number of subsets.
[0069] round(x) is a function for outputting an integer
by rounding off x. ceil(x) is a function for outputting a
minimum value among integers equal to or greater than
x. floor(x) is a function for outputting a maximum value
among integers equal to or less than x.
[0070] Now, VRB-PRB mapping in 3GPP LTE will be
described.
[0071] FIG. 3 shows LVRB-PRB mapping. Although is
it shown herein that both of an LVRB and a PRB include
12 subcarriers in one slot and one slot includes 6 OFDM
symbols, the number of OFDM symbols included in one
slot and the number of subcarriers included therein are

for exemplary purposes only.
[0072] An LVRB1 211 is mapped to a PRB1 201. An
LBRB2 212 is mapped to a PRB2 202. An LBRB3 213
is mapped to a PRB3 203. The LVRB is one-to-one
mapped to the PRB. An LVRB having an index i corre-
sponds to a PRB having an index j. According to a VRB
allocation scheme, i and j may be equal to or different
from each other.
[0073] FIG. 4 shows DVRB-PRB mapping. A DVRB is
divided into ND segments in a frequency domain. Each
segment is mapped to a plurality ofPRBs.
[0074] Herein, ND=3. A DVRB 310 is divided into a
segment1 311, a segment2 312, and a segment3 313.
Each segment is divided again into three parts. The three
parts are respectively mapped to a PRB1 301, a PRB2
302, and a PRB3 303.
[0075] FIG. 5 shows resource allocation in 3GPP LTE.
FIG. 5A shows a DL resource allocation, and FIG. 5B
shows a UL resource allocation.
[0076] For DL data reception, a UE monitors a PD-
CCH, and receives the DL resource allocation on a PD-
CCH 501. The DL resource allocation includes a VRB
allocation for a PDSCH 502. The UE receives a DL data
packet on the PDSCH 502 indicated by the DL resource
allocation. The UE acquires a VRB mapped to a PRB,
on which the PDSCH 502 is transmitted, on the basis of
the VRB allocation and thus receives the DL data packet.
[0077] For UL data transmission, the UE monitors the
PDCCH in a DL subframe and receives the UL resource
allocation on a PDCCH 551. The DL resource allocation
includes a VRB allocation for a PUSCH 552. The UE
transmits a UL data packet on the PUSCH 552 configured
based on the UL resource allocation. The UE maps the
VRB allocated based on the VRB allocation to a PRB,
and transmits the PUSCH 552 by using the mapped PRB.
[0078] As described above, by receiving the VRB al-
location on the PDCCH from a BS, the UE can determine
a PRB for receiving the DL data packet or for transmitting
the UL data packet. In this case, it is assumed that the
VRB allocation consists of a typical bitmap. If there are
NRB VRBs, NRB bits are required for the bitmap. This may
result in a problem in that a size of a payload of DCI
transmitted on the PDCCH is increased in proportion to
the number of VRBs.
[0079] Therefore, to decrease overhead of the VRB
allocation, as disclosed in the section 7.1.6 of 3GPP TS
36.213 V8.5.0 (2008-12), the VRB allocation is classified
into a type 0, a type 1, and a type 2, and a resource block
group (RBG) and a subset are introduced.
[0080] FIG. 6 shows an example of VRB allocation. A
VRB allocation 610 includes a type field 611 and a bitmap
field 612. The type field 611 is a 1-bit field that indicates
a type of the VRB allocation. The bitmap field 612 in-
cludes bitmap information depending on the type of the
VRB allocation.
[0081] If the type field 611 is set to ’0’, a type-0 VRB
is allocated. The bitmap field 612 for the type-0 VRB al-
location includes an RBG bitmap 620. An RBG is allo-
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cated in a basic unit when allocating the type-0 VRB. The
RBG includes one or a plurality of contiguous VRBs. An
RBG size P indicates the number of LVRBs included in
the RBG.
[0082] Table 1 shows the RBG size P depending on
the number of RBs.
[0083]

[0084] The RBG bitmap 620 has a size of L=ceil
(NRB/P). Therefore, if NRB=32, the P=3, and the RBG
bitmap 620 has a size of L=11.
[0085] Each bit of the RBG bitmap 620 corresponds
to the RBG. When NRB=32, the number of bits required
for the bitmap for allocation resources in one RB unit is
32 bits in total. However, if the resource is allocated in
an RBG unit in which 3 RBs are grouped, only an 11-bit
RBG bitmap is required and thus the payload size can
be decreased. However, it has a disadvantage in that
resource allocation cannot be achieved in a unit equal to
or less than the RBG size.
[0086] If the type field 611 is set to ’1’, it is a type-1
VRB allocation. The bitmap field 612 for the type-1 VRB
allocation includes a subset indicator 630a, a shift indi-
cator 630b, and a subset bitmap 630c. In the type-1 VRB
allocation, the subset includes a plurality of RBGs, and
all RBs are divided into P subsets.
[0087] The subset indicator 630a indicates a subset
selected from P subsets. The shift indicator 630b indi-
cates a shift of resource allocation in the subset. Each
bit of the subset bitmap 630c indicates a VRB in the se-
lected subset.
[0088] If NRB=32 and three (P=3) subsets are used,
the shift indicator 630b is 2 bits. The shift indicator 630b
can be set to one bit. A size of the subset bitmap 630c
is equal to (L - the number of bots of the subset indicator
630a - the number of bits of the shift indicator 630b).
[0089] FIG. 7 shows a type-0 VRB allocation and a
type-1 VRB allocation. Herein, NRB=NRPB=32, and there
are PRB indices 0 to 31. Since P=3, there are 11 RBGs,
i.e., RBG0 to RBG10.
[0090] In the type-0 VRB allocation, the RBG bitmap
620 is 11 bits. Bits of the RBG bitmap 620 respectively
correspond to 11 RBGs.
[0091] In the type-1 VRB allocation, since there are
three subsets, the respective RBGs are sequentially al-
located to the subsets. Therefore, a subset 1 includes 12
RBs (i.e., RB0, RB1, RB2, RB9, RB10, RB11, RB18,
RB19, RB20, RB27, RB28, RB29), a subset 2 includes

[Table 1]

NRB RBG size P

≤10 1

11∼26 2

27∼63 3

64∼110 4

11 RBs (i.e., RB3, RB4, RB5, RB12, RB13, RB14, RB21,
RB22, RB23, RB30, RB31), and a subset 3 includes 9
RBs (i.e., RB6, RB7, RB8, RB15, RB16, RB17, RB24,
RB25, RB26).
[0092] Since the subset bitmap 630c is only 8 bits,
some RBs among the RBs of each subset cannot be
indicated by the subset bitmap 630c. For example,
among the 12 RBs in the subset 1, 4 RBs (i.e., RB20,
RB27, RB28, RB29) cannot be indicated by the subset
bitmap 630c. This implies that 4 RBs cannot be allocated.
Likewise, among the 11 RBs in the subset 2, 3 RBs (i.e.,
RB23, RB30, RB31) cannot be indicated by the subset
bitmap 630c. Among the 9 RBs in the subset 3, one RB
(i.e., RB 26) cannot be indicated by the subset bitmap
630c.
[0093] To solve this problem, the shift indicator 630b
is used. For example, if it is assumed that a subset indi-
cator 630a indicates a subset 1 and the shift indicator
630b is set to ’0’, then the subset bitmap 630c is used to
indicate RB0, RB1, RB2, RB9, RB10, RB11, RB18, RB19
(see 1504). If the subset indicator 630a indicates the sub-
set 1 and the shift indicator 630b is set to ’1’, the subset
bitmap 630c is used to indicate RB10, RB11, RB18, RB
19, RB20, RB27, RB28, RB29.
[0094] In addition to the type 0 and the type 1, there is
a type-2 VRB allocation. The type-2 VRB allocation does
not include the type field 611.
[0095] FIG. 8 shows a type-2 VRB allocation. The type-
2 VRB allocation is allocation of a plurality of contiguous
VRBs to a UE. To indicate an RB to be allocated, a start
RB index and the number of contiguous RBs are required.
However, in the type 2, the number of RBs is predeter-
mined depending on a start point to decrease the number
of combinations.
[0096] Referring to FIG. 8, if an RB start point is an RB
with an index 0, the number of possible RB is NRB. If the
RB start point is an RB with an index 1, the number of
possible RBs is NRB-1. If the RB start point is an RB with
an index s, the number of possible RBs is NRB-s. If the
RB start point is an RB with an index NRB-1, the number
of possible RBs is 1.
[0097] The type-2 VRB allocation includes a resource
indication value (RIV) for designating the RB start point
and the number of RBs. The number of allocation com-
binations is NRB(NRB+1)/2, and the number of bits of the
RIV is ceil [log2{NRB(NRB+1)/2]. If NRB=32, the RIV can
be indicated with 10 bits.
[0098] The type-0 VRB allocation and the type-1 VRB
allocation are used for LVRB allocation. The type-2 VRB
allocation can be used for DVRB allocation or LVRB al-
location.
[0099] FIG. 9 shows an example of DVRB-PRB map-
ping. It is assumed herein that NRB=NRPB=32, and PRB
indices are numbered from 0 to 31. Upper mapping 910
is an example of not applying a gap. Lower mapping 920
is an example of applying the gap. A number written in
a box indicates a DVRB index mapped to a PRB of a
corresponding slot.
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[0100] First, an RBG size P is determined according
to a system bandwidth (i.e., NRB(=NPRB), the number of
RBs) as shown in Table 1. Further, a gap size Ngap is
determined as shown in Table 2 below.
[0101]

[0102] The gap size Ngap can be obtained according
to an equation: Ngap=round(NRB/2P2)P2.
[0103] NDVRB = 2 min(Ngap, NRB-Ngap), i.e., the
number of DVRBs, is determined on the basis of the
number NRB of RBs and the gap size Ngap.
[0104] In this example, P=3, Ngap=18 since
NRB=NRPB=32. Therefore, NDVRB = 28.
[0105] According to the gap size Ngap, a size of a block
interleaver for mapping a DVRB index to a PRB index is
determined.
[0106] FIG. 10 shows an example of a block interleav-
er. The number C of columns of the block interleaver is
fixed to 4, and the number R of rows thereof is determined
to R=ceil(NDVRB/(C*P))P. Therefore, R=8. ’N’ indicates
a null value. The null value is used to match the number
of DVRB indices to the size of the block interleaver, and
is inserted to last {(4R-NDVRB)/2} columns of a 2nd row
and a 4th row.
[0107] When an input of the block interleaver is a
DVRB index, the DVRB index is filled in a row-first man-
ner. That is, after the DVRB index is completely input to
the first row, a row index is increased by 1 and is then
input to a next row. An output of the block interleaver is
filled in a column-first manner. That is, after the first col-
umn is completely output, a column index is increased
by one and then a next column is output.
[0108] The block interleaver is for mapping a plurality
of contiguous DVRB indices to a PRB index in a distrib-
uted manner. According to the block interleaver of FIG.
10, an input DVRB index 0→1→2→3→4→5 is distributed
to an output PRB index 0→4→8→12→16.
[0109] Referring back to FIG. 9, the interleaved DVRB
index output from the block interleaver is mapped se-
quentially to the PRB index.
[0110] Regarding the upper mapping 910, in a first slot,

[Table 2]

NRB Ngap

6-10 ceil(NRB/2)

11 4

12-19 8

20-26 12

27-44 18

45-49 27

50-63 27

64-79 32

80-110 48

an output DVRB index of the block interleaver is mapped
sequentially to a PRB index. In a second slot, in order to
give frequency diversity to the DVRB index mapped to
the first slot, the DVRB index is cyclically shifted by
NDVRB/ND and is mapped to the PRB index.
[0111] If ND=2, NDVRB/ND = 14. Therefore, although a
DVRB index 0 is mapped to a PRB index 0 in the first
slot, a DVRB index 1 is cyclically shifted and is mapped
to a PRB index 14 in the second slot.
[0112] A gap is applied to obtain a higher frequency
diversity gain. The lower mapping 920 is an example of
applying a gap size to the upper mapping 910. That is,
a total of 28 RBs are divided into a first group and a
second group, and the second group is shifted by the
gap size and is then mapped to a PRB index. Since a
start point of the gap size is a PRB index at which the
first group starts, a first PRB index to which a first DVRB
index of the second group is mapped is defined by being
separated by the gap size from the PRB index at which
the first group starts.
[0113] In the lower mapping 920, (a first DVRB index
of the first slot, a first DVRB index of the second slot) of
the second group is (2,0). Before applying the gap size,
(2,0) is mapped to the PRB index 14. When the gap size
is applied, (2,0) is mapped to a PRB index 18.
[0114] By applying the gap size, the first group and the
second group are separated from each other by Noffset.
Herein, Noffset=Ngap-NDVRB/2=4. Therefore, between the
first group and the second group, there are Noffset PRBs,
to which the DVRB is not mapped. Accordingly, the DVRB
is not mapped to a PRB having a PRB index 14, 15, 16,
and 17.
[0115] By performing DVRB-PRB mapping described
above, a diversity order becomes 4, and thus a diversity
gain can be obtained.
[0116] Now, embodiments of the present invention ap-
plied to a wireless communication system that supports
a wider band than that of 3GPP LTE will be described.
[0117] A 3GPP LTE-A system ensures backward com-
patibility with the conventional 3GPP LTE, and supports
carrier aggregation for wideband communication. In ad-
dition, for effective use of a system resource, a structure
of an independent region consisting of RBs is proposed
on which only a data channel is transmitted without a
control channel.
[0118] FIG. 11 shows an example of a wideband sys-
tem.
[0119] An overall band includes a basic band B and at
least one segment band. Although it is shown herein that
two segment bands, i.e., a first segment band S0 and a
second segment band S1, are arranged at both sizes of
the basic band B, the number of segment bands or po-
sitions of the segment bands are for exemplary purposes
only.
[0120] The basic band B is a band for providing com-
patibility to the 3GPP LTE, and is for a legacy UE that
supports 3GPP LTE. A subframe in the basic band B
includes a control region for a PDCCH and a data region
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for a PDSCH similarly to a subframe of the conventional
3GPP LTE.
[0121] The segment bands S0 and S1 are bands for
supporting an extended band that is wider than that of
3GPP LTE. A subframe in the segment bands S0 and S1
can include only the data region for the PDSCH. Alter-
natively, a subframe in the segments S0 and S1 can in-
clude both a control region for a PDCCH and a data region
for a PDSCH.
[0122] Hereinafter, a UE capable of recognizing the
basic band and the segment band is referred to as a UE,
and a UE capable of recognizing only the basic band is
referred to as a legacy UE.
[0123] A PRB index is given to a subframe in the basic
band B in the same manner as the conventional method.
For example, NRB=18, and a PRB index may be num-
bered from 0 to 17.
[0124] A UE capable of fully recognizing an overall
band can utilize a PRB in an additional segment band. If
one segment band includes 10 PRBs, as shown in FIG.
11, 38 PRBs are present in the overall band, and are
indexed with PRB indices 0 to 27.
[0125] This implies that VRB-PRB mapping can be dif-
ferently achieved between a legacy UE that recognizes
only the basic band B and a UE that can full recognize
the overall band. However, it may result in the increase
in system complexity.
[0126] A method for VRB-PRB mapping will be pro-
posed in a situation where UEs that support different
bands coexist.
[0127] For clarity, it is assumed hereinafter that the
basic band B includes 18 RBs, and each of the two seg-
ment bands S0 and S1 include 10 RBs.
[0128] FIG. 12 shows an example of a resource map-
ping method according to an embodiment of the present
invention.
[0129] In step 1, VRB-PRB mapping is performed in a
basic band B in the same manner as a mapping rule of
the conventional 3GPP LTE. P=2 since there are 18 RBs.
The mapping rule can use any of type-0 VRB allocation,
type-1 VRB allocation, and type-2 VRB allocation. Type-
1 VRB allocation using a subset is shown herein.
[0130] Two segment bands S0 and S1 are aggregated
to constitute an aggregated segment band S. Since each
of the two segment bands S0 and S1 includes 10 RBs,
the aggregated segment band S includes 20 RBs. In this
case, irrespective of the number of RBs in the aggregated
segment band B, an RBG size of the aggregated segment
band is equal to an RBG size P of the basic band B.
[0131] By setting the RBG size of the aggregated seg-
ment band according to the RBG size of the basic band
B, a VRB allocation of the conventionally used RBG unit
can be directly used in the aggregated segment band.
[0132] In step 2, the first segment band S0, the basic
band B, and the second segment band S1 are arranged
again in an original frequency domain order, and RBGs
included therein are indexed from RBG0 to RBG18,
thereby constituting a PRB set. VRB-PRB mapping is

performed in the PRB set.
[0133] In a system in which bands recognized by a
plurality of UEs have different sizes and which includes
a basic band smaller than an overall band, an aggregated
segment band is configured by aggregating segment
bands other than the basic band. The aggregated seg-
ment band constitutes an RBG in an RBG unit that is the
same as the basic band.
[0134] Therefore, the same mapping rule that is con-
ventionally used can apply to the legacy UE that supports
the basic band. In addition, a UE that supports the overall
band can apply the same mapping rule as that used con-
ventionally, with respect to more RBs than the legacy UE.
[0135] The number of RBs included in each segment
band or the number of RBs included in the aggregated
segment band can be limited to be a multiple of the RBG
size. This is because when it is set to any number of RBs,
the RBG may not have RBs with an RBG size or the RBG
may be split into several segments.
[0136] FIG. 13 shows an example of a resource map-
ping method according to an embodiment of the present
invention. In comparison with the embodiment of FIG.
12, the example of FIG. 13 is applied to DVRB mapping.
[0137] Since a basic band B has NRB=18, according
to Table 2, Ngap=8 and NDVRB = 2 min(Ngap, NRB-Ngap)
=16. Last two PRBs are not mapped to a DVRB.
[0138] Since an aggregated segment band S has
NRB=20, according to Table 2, Ngap=12 and NDVRB = 2
min(Ngap, NRB-Ngap)=16. Noffset is 4, and 4 PRBs in the
middle are not mapped to the DVRB.
[0139] In step 2, the first segment band S0, the basic
band B, and the second segment band S1 are arranged
again in an original frequency domain order. Since DVRB
indices 0 to 15 are used in the basic band B, an offset of
16 is applied in each segment region to use DVRB indices
16 to 31. The offset of 16 corresponds to the number of
PRBs that can be allocated to the DVRB in the basic
band B. Therefore, the DVRB is first mapped to the PRB
in the basic band B, and the DVRB is subsequently
mapped to the PRB in the segment band.
[0140] As described above, a VRB allocation for the
DVRB includes an RIV. The RIV can be indicated into
one field that specifies an allocated RB start point and
the number of allocated RBs. In order to represent the
VRB allocation in the segment band into the RIV, a value
obtained by adding an offset to the RIV of the basic band
can be used. The offset corresponds to the number of
PRBs that can be allocated to the DVRB in the basic
band. Therefore, when the UE knows the offset, the al-
located RB start point in the segment band can be known
by adding the offset from the RB start point indicated by
the RIV even if the received RIV is the same as the old
RIV.
[0141] FIG. 14 shows an example of a resource map-
ping method according to an embodiment of the present
invention. In comparison with the embodiment of FIG.
12, an aggregated segment band uses an independent
RBG size in the example of FIG. 14.
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[0142] A basic band B includes 10 RBs, and P=2 ac-
cording to Table 1. Similarly to the mapping rule of the
conventional 3GPP LTE, the mapping rule can use any
of type-0 VRB allocation, type-1 VRB allocation, and
type-2 VRB allocation. Type-1 VRB allocation using a
subset is shown herein.
[0143] Two segment bands S0 and S1 are aggregated
to constitute an aggregated segment band S. When each
of the two segment bands S0 and S1 includes 14 RBs,
the aggregated segment band S includes 28 RBs. Re-
ferring to Table 1, an RBG size of the aggregated seg-
ment band S is PS=3. Therefore, the aggregated seg-
ment band S consists of three subsets whereas the basic
band B consists of two subsets.
[0144] In step 2, the first segment band S0, the basic
band B, and the second segment band S1 are arranged
again in an original frequency domain order, and RBGs
included therein are indexed from RBG0 to RBG14.
[0145] A UE that supports an overall band can perform
VRB allocation by using a greater size between an RBG
size of the basic band B and an RBG size of the aggre-
gated segment band S. However, if the RBG size of the
basic band B and the RBG size of the aggregated seg-
ment band S are different from each other, the number
of subsets of the two bands also differs, and thus there
is a need to match a subset to a greater RBG size. Herein,
as indicated by a dotted line in FIG. 14, a subset 3 of the
basic band B is configured by repeating a subset 1 for
example.
[0146] In the example of FIG. 14, RBs included in the
RBG4 are split by definition. To avoid split of the RBG,
the number of RBs included in each segment band or
the number of RBs included in the aggregated segment
band can be restricted to be a multiple of the RBG size.
[0147] A resource mapping and resource allocation
scheme capable of supporting a wider band while sup-
porting compatibility to a legacy UE is provided. FSS-
type scheduling and FDS-type scheduling can be effec-
tively applied, and resource allocation information re-
quired for scheduling can be effectively implemented.
[0148] FIG. 15 is a block diagram showing a wireless
communication system for implementing an embodiment
of the present invention.
[0149] A BS 1310 includes a processor 1311, a mem-
ory 1312, and a radio frequency (RF) unit 1313.
[0150] The processor 1311 implements the proposed
functions, procedures, and/or methods. An operation of
the BS can be implemented by the processor 1311 in the
aforementioned embodiments of FIG. 12 to FIG. 14. The
memory 1312 is coupled to the processor 1311, and
stores a protocol or parameter for an operation. The RF
unit 1313 is coupled to the processor 1311, and transmits
and/or receives a radio signal.
[0151] The processor 1311 can determine a VRB al-
location that indicates a VRB allocated to a UE, and can
map the allocated VRB to a PRB. The VRB allocation is
transmitted to the UE, and a DL data packet is transmitted
to the UE by using the PRB. The VRB allocation can use

any of a type 0, a type 1, and a type 2.
[0152] A UE 1350 includes a processor 1351, a mem-
ory 1352, and an RF unit 1353.
[0153] The processor 1351 implements the proposed
functions, procedures, and/or methods. An operation of
the UE can be implemented by the processor 1351 in the
aforementioned embodiments of FIG. 12 to FIG. 14. The
memory 1352 is coupled to the processor 1351, and
stores a protocol or parameter for an HARQ operation.
The RF unit 1353 is coupled to the processor 1351, and
transmits and/or receives a radio signal.
[0154] The processor 1351 monitors a PDCCH, and
acquires a VRB allocation. The processor 1351 can re-
ceive a DL data packet or transmit a UL data packet by
mapping a VRB allocated based on the VRB allocation
to the PRB.
[0155] The processors 1311 and 1351 may include an
application-specific integrated circuit (ASIC), a separate
chipset, a logic circuit, and/or a data processing unit. The
memories 1312 and 1352 may include a read-only mem-
ory (ROM), a random access memory (RAM), a flash
memory, a memory card, a storage medium, and/or other
equivalent storage devices. The RF units 1313 and 1353
may include a base-band circuit for processing a radio
signal. When the embodiment of the present invention is
implemented in software, the aforementioned methods
can be implemented with a module (i.e., process, func-
tion, etc.) for performing the aforementioned functions.
The module may be stored in the memories 1312 and
1352 and may be performed by the processors 1311 and
1351. The memories 1312 and 1352 may be located in-
side or outside the processors 1311 and 1351, and may
be coupled to the processors 1311 and 1351 by using
various well-known means.
[0156] In the above exemplary systems, although the
methods have been described on the basis of the flow-
charts using a series of the steps or blocks, the present
invention is not limited to the sequence of the steps, and
some of the steps may be performed at different sequenc-
es from the remaining steps or may be performed simul-
taneously with the remaining steps. Furthermore, those
skilled in the art will understand that the steps shown in
the flowcharts are not exclusive and may include other
steps or one or more steps of the flowcharts may be de-
leted without affecting the scope of the present invention.
[0157] The above-described embodiments include
various aspects of examples. Although all possible com-
binations for describing the various aspects may not be
described, those skilled in the art may appreciate that
other combinations are possible. Accordingly, the
present invention should be construed to include all other
replacements, modifications, and changes which fall
within the scope of the claims.

Claims

1. A method of mapping a virtual resource block (VRB)
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to a physical resource block (PRB) by a user equip-
ment in a wireless communication system, the meth-
od comprising:

acquiring a VRB allocation indicating the VRB
allocated in an overall band including a basic
band and an aggregated segment band;
determining a resource block group (RBG) size
of the basic band on the basis of the number of
resource blocks (RBs) within the basic band,
wherein the number of RBs included in one RBG
corresponds to the RBG size;
determining the RBG size of the aggregated
segment band to a value equal to the RBG size
of the basic band;
determining an RBG set by sequentially arrang-
ing RBGs within the aggregated segment band
and RBGs within the basic band in a frequency
domain; and
mapping the VRB, which is allocated on the ba-
sis of the VRB allocation on the RBG set, to the
PRB.

2. The method of claim 1, wherein the VRB allocation
includes an RBG bitmap indicating an allocated
RBG.

3. The method of claim 1, wherein the VRB allocation
includes a subset indicator that indicates a selected
subset and a subset bitmap that indicates an allo-
cated VRB in the selected subset.

4. The method of claim 1, wherein the VRB allocation
includes a resource indication value (RIV) that spec-
ifies an RB start point and the number of allocated
RBs.

5. The method of claim 4, wherein the allocated RB
start point indicated by the RIV is an RB start point
in the basic band, and a value obtained by adding
the allocated RB start point and an offset is used as
an RB start point in the aggregated segment band.

6. The method of claim 5, wherein the offset corre-
sponds to the number of RBs that can be allocated
in the basic band.

7. The method of claim 1, wherein the aggregated seg-
ment band includes at least one segment band.

8. The method of claim 7, wherein the aggregated seg-
ment band includes first and second segment bands,
and the first and second segment bands are ar-
ranged at both sides of the basic band.

9. The method of claim 1, wherein the number of RBs
included in the aggregated segment band is a mul-
tiple of the RBG size of the aggregated segment

band.

10. The method of claim 1, wherein the VRB allocation
is received on a physical downlink control channel
(PDCCH).

11. A user equipment for mapping a virtual resource
block (VRB) to a physical resource block (PRB) in a
wireless communication system, comprising:

a radio frequency (RF) unit for transmitting and
receiving a radio signal; and
a processor coupled to the RF unit and config-
ured for:

acquiring a VRB allocation indicating the
VRB allocated in an overall band including
a basic band and an aggregated segment
band;
determining a resource block group (RBG)
size of the basic band on the basis of the
number of resource blocks (RBs) within the
basic band, wherein the number of RBs in-
cluded in one RBG corresponds to the RBG
size;
determining the RBG size of the aggregated
segment band to a value equal to the RBG
size of the basic band;
determining an RBG set by sequentially ar-
ranging RBGs within the aggregated seg-
ment band and RBGs within the basic band
in a frequency domain; and
mapping the VRB, which is allocated on the
basis of the VRB allocation on the RBG set,
to the PRB.

12. A method of allocating a virtual resource block (VRB)
mapped to a physical resource block (PRB) by a
base station in a wireless communication system,
the method comprising:

determining a VRB allocation indicating the VRB
allocated to a user equipment in an overall band
including a basic band and an aggregated seg-
ment band;
mapping the allocated VRB to the PRB;
transmitting the VRB allocation to the user
equipment; and
transmitting a downlink data packet to the user
equipment by using the PRB,
wherein the mapping of the allocated VRB to the
PRB comprises:

determining a resource block group (RBG)
size of the basic band on the basis of the
number of resource blocks (RBs) within the
basic band, wherein the number of RBs in-
cluded in one RBG corresponds to the RBG
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size;
determining the RBG size of the aggregated
segment band to a value equal to the RBG
size of the basic band;
determing an RBG set by sequentially ar-
ranging RBGs within the aggregated seg-
ment band and RBGs within the basic band
in a frequency domain; and
mapping the VRB, which is allocated on the
basis of the VRB allocation on the RBG set,
to the PRB.

13. The method of claim 12, wherein the VRB allocation
includes an RBG bitmap indicating an allocated
RBG.

14. The method of claim 12, wherein the VRB allocation
includes a subset indicator that indicates a selected
subset and a subset bitmap that indicates an allo-
cated VRB in the selected subset.

15. The method of claim 12, wherein the number of RBs
included in the aggregated segment band is a mul-
tiple of an RBG size of the aggregated segment
band.
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