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Description
METHOD AND APPARATUS OF TRANSMITTING 

SCHEDULING REQUEST IN WIRELESS COMMUNICATION
SYSTEM

Technical Field
[1] The present invention relates to wireless communications, and more particularly, to a 

method and an apparatus of transmitting a scheduling request (SR) in a wireless com
munication system.

Background Art
[2] Wireless communication systems are widely spread all over the world to provide 

various types of communication services such as voice or data. The wireless commu
nication system is designed for the purpose of providing reliable communication to a 
plurality of users irrespective of their locations and mobility. However, a wireless 
channel has an abnormal characteristic such as path loss, noise, fading due to 
multipath, an inter-symbol interference (ISI), the Doppler effect due to mobility of a 
user equipment, etc. Therefore, various techniques have been developed to overcome 
the abnormal characteristic of the wireless channel and to increase reliability of 
wireless communication.

[3] In general, the wireless communication system is a multiple access system capable of 
supporting communication with multiple users by sharing available radio resources. 
Examples of the radio resource include a time, a frequency, a code, transmit power, 
etc. Examples of the multiple access system include a time division multiple access 
(TDMA) system, a code division multiple access (CDMA) system, a frequency 
division multiple access (FDMA) system, an orthogonal frequency division multiple 
access (OFDMA) system, a single carrier frequency division multiple access 
(SC-FDMA) system, etc. The radio resource is a time in the TDMA system, a code in 
the CDMA system, and a subcarrier and a time in the OFDMA system.

[4] While having almost the same complexity with the OFDMA, SC-FDMA has a lower 
peak-to-average power ratio (PAPR) due to a single carrier property. Since the low 
PAPR is advantageous for a user equipment (UE) in terms of transmission power ef
ficiency, the SC-FDMA is adopted for uplink transmission in a 3rd generation 
partnership project (3GPP) long term evolution (LTE) as disclosed in section 5 of the 
3GPP TS 36.211 V8.2.0 (2008-03) "Technical Specification Group Radio Access 
Network; Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels 
and modulation (Release 8)".

[5] Various uplink control information are transmitted on an uplink control channel.
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Examples of the uplink control information include a hybrid automatic repeat request 

(HARQ) acknowledgement (ACK)/not-acknowledgement (NACK), a channel quality 

indicator (CQI) indicating downlink channel quality, a scheduling request (SR) requesting 

resource allocation for uplink transmission, etc.

[6] Meanwhile, the UE transmits a sounding reference signal (SRS) to a base station (BS). 

The SRS is a reference signal transmitted for uplink scheduling by the UE to the BS. The 

BS estimates an uplink channel by using the received SRS, and uses the estimated uplink 

channel in the uplink scheduling.

[7] However, if SC-FDMA is used in uplink transmission, to maintain a single carrier 

property, the UE cannot simultaneously transmit different signals even when using 

different frequency regions. This may cause ineffective use of limited radio resources.

[8] Accordingly, there is a need for a method of transmitting an SR for the effective use of 

limited resources.

[8a] Comprises/comprising and grammatical variations thereof when used in this

specification are to be taken to specify the presence of stated features, integers, steps or 

components or groups thereof, but do not preclude the presence or addition of one or more 

other features, integers, steps, components or groups thereof.

Disclosure of Invention 

Technical Problem

[9] The present invention provides a method and an apparatus of transmitting a scheduling 

request (SR) in a wireless communication system.

Technical Solution

[10] In one aspect of the present invention, there is provided a method of transmitting a 

scheduling request in a wireless communication system, carried in a user equipment, the 

method comprising: receiving a sounding reference signal (SRS) configuration to 

determine a SRS subframe; receiving a simultaneous transmission indicator indicating 

whether user equipment is configured to support a transmission of a SRS and a hybrid 

automatic repeat request (HARQ) acknowledgement/not-acknowledgment (ACK/NACK) 

on a physical uplink control channel (PUCCH) in one subframe; and if the user equipment 

is configured to support the transmission of the SRS and the HARQ ACK/NACK on the 

PUCCH in one subframe, transmitting the SRS and a scheduling request (SR) in the SRS 

subframe, wherein the SRS subframe includes a plurality of single carrier-frequency 

division multiple access (SC-FDMA) symbols, and wherein the SRS is transmitted in a 

last SC-FDMMA symbol of the SRS subframe and the SR is transmitted in remaining SC- 

FDMA symbols of the SRS subframe.
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3 [10a] Preferably, the method wherein the last SC-FDMA symbol used for the SRS is a 

punctured SC-FDMA symbol.

[11] Preferably, the method further includes:

mapping sounding reference signal (SRS) to the punctured SC-FDMA symbol 

transmitting the SRS in the subframe.

[ 12] The method may further include:

receiving, from a base station (BS), a simultaneous transmission indicator indicating

whether the SR and the SRS is transmitted in the subframe.

[13] The method may further include:

receiving, from an BS, a specific subframe configuration parameter indicating at least 

one subframe in which the SRS is transmitted.

[14] Preferably, the punctured SC-FDMA symbol is the last SC-FDMA symbol of the 

subframe.

[15] Preferably, the step of configuring the PUCCH for the SR includes, for the SC-FDMA 

symbols in each slot includes: mapping a corresponding one of a plurality of frequency 

domain sequences to each SC-FDMA symbol in the first set of SC-FDMA symbols, 

thereby generating a first set of mapped frequency domain sequences; mapping a 

corresponding one of the plurality of frequency domain sequences to each SC-FDMA 

symbol in the second set of SC-FDMA symbols, thereby generating a second set of 

mapped frequency domain sequences; spreading the first set of mapped frequency domain 

sequences with a first orthogonal sequence; and spreading the second set of mapped 

frequency domain sequences associated with each of the SC-FDMA symbols in the 

second set of SC-FDMA symbols with a second orthogonal sequence.

[16] In a further aspect of the present invention, there is provided an apparatus for 

transmitting a scheduling request in a wireless communication system, the apparatus 

comprising: a radio frequency (RF) unit configured for transmitting and receiving a radio 

signal; and a processor coupled with the RF unit and configured for: receiving, via the RF 

unit, a sounding reference signal (SRS) configuration to determine a SRS subframe; 

receiving, via the RF unit, a simultaneous transmission indicator indicating whether the 

apparatus is configured to support a transmission of a SRS and a hybrid automatic repeat 

request (HARQ) acknowledgement/not-acknowledgment (ACK/NACK) on a physical 

uplink control channel (PUCCH) in one subframe; and if the apparatus is configured to 

support the transmission of the SRS and the HARQ ACK/NACK on the PUCCH in one 

subframe, transmitting the SRS and a scheduling request (SR) in the SRS subframe, 

wherein the SRS subframe includes a plurality of single carrier-frequency division
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3 multiple access (SC-FDMA) symbols, and wherein the SRS is transmitted in a last SC- 

FDMMA symbol of the SRS subframe and the SR is transmitted in remaining SC- 

FDMA symbols of the SRS subframe.

[16a] Preferably, the apparatus wherein the last SC-FDMA symbol used for the SRS is a 

punctured SC-FDMA symbol.

[17] Preferably, the processor is configured for:

mapping sounding reference signal (SRS) to the punctured SC-FDMA symbol, 

transmitting the SRS in the subframe.

[18] The processor may further be configured for:

receiving, from a base station (BS), a simultaneous transmission indicator indicating 

whether the SR and the SRS is transmitted in the subframe.

[19] The processor may further be configured for:

receiving, from a BS, a specific subframe configuration parameter indicating at least 

one subframe in which the SRS is transmitted.

[20] Preferably, the punctured SC-FDMA symbol is the last SC-FDMA symbol of the 

subframe.

[20a] Preferably, the processor is configured for configuring the PUCCH for the SR by, for 

the SC-FDMA symbols in each slot: mapping a corresponding one of a plurality of 

frequency domain sequences to each SC-FDMA symbol in the first set of SC-FDMA 

symbols, thereby generating a first set of mapped frequency domain sequences; mapping a 

corresponding one of the plurality of frequency domain sequences to each SC-FDMA 

symbol in the second set of SC-FDMA symbols, thereby generating a second set of 

mapped frequency domain sequences; spreading the first set of mapped frequency domain 

sequences with a first orthogonal sequence; and spreading the second set of mapped 

frequency domain sequences associated with each of the SC-FDMA symbols in the 

second set of SC-FDMA symbols with a second orthogonal sequence.

[21] Preferably, the first slot and the second slot are consecutive.

Advantageous Effects

[22] A method and an apparatus of effectively transmitting a scheduling request (SR) are 

provided. Accordingly, overall system performance can be improved.

Brief Description of Drawings
[23] FIG. 1 shows a wireless communication system.

[24] FIG. 2 shows transmission of a hybrid automatic repeat request (HARQ) 

acknowledgement (ACK)/not-acknowledgement (NACK) and a channel quality indicator 

(CQI).
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FIG. 3 shows uplink transmission.

FIG. 4 shows a structure of a radio frame in a 3rd generation partnership project 

(3GPP) long term evolution (LTE).

FIG. 5 shows an example of resource grid for one uplink slot in a 3GPP LTE. 

FIG. 6 shows an exemplary structure of an uplink subframe in a 3GPP LTE.

FIG, 7 shows an example of physical uplink control channel (PUCCH) format

1/la/lb transmission if a normal cyclic prefix (CP is used,

FIG, 8 shows an example of PUCCH format 1/la/lb transmission if an

extended CP is used.
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[31]

[32]

[33]

[34]
[35]
[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

FIG. 9 shows an example of a subframe for transmitting a sounding reference signal 
(SRS).

FIG. 10 shows an example of transmission for a shortened ACK/NACK format if a 
normal CP is used.

FIG. 11 shows an example of transmission for a shortened ACK/NACK format if an 
extended CP is used.

FIG. 12 shows an example of allocating first PUCCH resource indices.
FIG. 13 shows an example of a resource block (RB) allocated to a PUCCH.
FIG. 14 shows an example of transmission for a shortened scheduling request (SR) 

format if a normal CP is used.
FIG. 15 shows an example of transmission for a shortened SR format if an extended 

CP is used.
FIG. 16 is a flow diagram showing an example of a method of transmitting uplink 

control information by using a shortened SR format.
FIG. 17 is a flow diagram showing another example of a method of transmitting 

uplink control information by using a shortened SR format.
FIG. 18 shows an example of transmission of an SR and an SRS at a specific 

subframe.
FIG. 19 is a block diagram showing wireless communication system to implement an 

embodiment of the present invention.

Mode for the Invention
The technique described below can be used in various wireless access schemes such 

as code division multiple access (CDMA), frequency division multiple access 
(FDMA), time division multiple access (TDMA), orthogonal frequency division 
multiple access (OFDMA), single carrier frequency division multiple access 
(SC-FDMA), etc. The CDMA may be implemented with a radio technology such as 
Universal Terrestrial Radio Access (UTRA) or CDMA2000. The TDMA may be im
plemented with a radio technology such as Global System for Mobile communications 
(GSM)/ General Packet Radio Service (GPRS)/ Enhanced Data Rates for GSM 
Evolution (EDGE). The OFDMA may be implemented with a radio technology such as 
institute of electrical and electronics engineers (IEEE) 802.11 (Wi-Fi), IEEE 802.16 
(WiMAX), IEEE 802-20, evolved-UTRA (E-UTRA) etc. The UTRA is a part of a 
universal mobile telecommunication system (UMTS). 3rd generation partnership 
project (3GPP) long term evolution (LTE) is a part of an evolved-UMTS (E-UMTS) 
using the E-UTRA. The 3GPP LTE employs the OFDMA in downlink and employs 
the SC-FDMA in uplink.

For clarity, the following description will focus on the 3GPP LTE. However, the
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technical features of the present invention are not limited thereto.
[44] FIG. 1 shows a wireless communication system.
[45] Referring to FIG. 1, a wireless communication system 10 includes at least one base 

station (BS) 11. The BSs 11 provide communication services to specific geographical 
regions (generally referred to as cells) 15a, 15b, and 15c. The cell can be divided into a 
plurality of regions (referred to as sectors). A user equipment (UE) 12 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, a personal digital 
assistant (PDA), a wireless modem, a handheld device, etc. The BS 11 is generally a 
fixed station that communicates with the UE 12 and may be referred to as another ter
minology, such as an evolved node-B (eNB), abase transceiver system (BTS), an 
access point, etc.

[46] Hereinafter, a downlink (DL) denotes communication from the BS to the UE, and an 
uplink (UL) denotes communication 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.

[47] The wireless communication system can support a UL and/or DL hybrid automatic 
repeat request (HARQ). In addition, a channel quality indicator (CQI) can be used for 
link adaptation.

[48] FIG. 2 shows transmission of HARQ acknowledgement (ACK)/not-acknowledgment 
(NACK) and a CQI.

[49] Referring to FIG. 2, upon receiving DL data from a BS, a UE transmits the HARQ 
ACK/NACK after a specific time elapses. The DL data may be transmitted on a 
physical downlink shared channel (PDSCH) indicated by a physical downlink control 
channel (PDCCH). The HARQ ACK/NACK is ACK if the DL data is successfully 
decoded. The HARQ ACK/NACK is NACK if the DL data is unsuccessfully decoded. 
Upon receiving the NACK, the BS can retransmit the DL data until the ACK is 
received or until retransmission is performed the number of times corresponding to a 
maximum number of retransmissions.

[50] Resource allocation or a transmission time of the HARQ ACK/NACK for the DL 
data may be dynamically reported by the BS by using signaling, or may be prede
termined according to the resource allocation or the transmission time of the DL data. 
For example, in a frequency division duplex (FDD) system, if the PDSCH is received 
in an nth subframe, the HARQ ACK/NACK for the PDSCH can be transmitted on a 
physical uplink control channel (PUCCH) in an (n+4)th subframe.

[51] The UE can report a CQI periodically and/or aperiodically to the BS by measuring a 
DL channel condition. The BS can perform DL scheduling by using the CQI. The BS 
can report a CQI transmission time or resource allocation information to the UE.
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[52] FIG. 3 shows UL transmission.
[53] Referring to FIG. 3, for UL transmission, a UE first transmits a scheduling request 

(SR) to a BS. The SR is used if the UE requests the BS to allocate a UL radio resource. 
The SR is a sort of preliminary information exchange for data exchange. In order for 
the UE to transmit UL data to the BS, radio resource allocation is first requested by 
using the SR. The BS can report an SR transmission time or resource allocation in
formation for the SR to the UE. The SR may be transmitted periodically. The BS can 
report a transmission period of the SR to the UE.

[54] In response to the SR, the BS transmits a UL grant to the UE. The UL grant may be 
transmitted on a PDCCH. The UL grant includes UL radio resource allocation. The UE 
transmits the UL data by using an allocated radio resource.

[55] As shown in FIGs. 2 and 3, the UE can transmit UL control information (i.e., HARQ 
ACK/NACK, CQI, and SR) at a given transmission time. The type and size of the 
control information may vary depending on systems, and the technical features of the 
present invention are not limited thereto.

[56] FIG. 4 shows a structure of a radio frame in a 3GPP LTE.
[57] Referring to FIG. 4, the radio frame consists of 10 subframes. One subframe consists 

of two slots. Slots included in the radio frame are numbered with slot numbers 0 to 19. 
A time required to transmit one subframe is defined as a transmission time interval 
(TTI). The TTI may be a scheduling unit for data transmission. For example, one radio 
frame may have a length of 10 milliseconds (ms), one subframe may have a length of 1 
ms, and one slot may have a length of 0.5 ms.

[58] The structure of the radio frame is shown for exemplary purposes only. Thus, the 
number of subframes included in the radio frame or the number of slots included in the 
subframe may change variously.

[59] FIG. 5 shows an example of a resource grid for one UL slot in a 3GPP LTE.
[60] Referring to FIG. 5, the UL slot includes a plurality of SC-FDMA symbols in a time 

domain and NUL resource blocks (RBs) in a frequency domain. The SC-FDMA symbol 
is for expressing one symbol period, and may be referred to as an OFDMA symbol or a 
symbol duration according to systems. The RB is a resource allocation unit and 
includes a plurality of subcarriers in the frequency domain. The number of RBs Nl1 
included in the UL slot depends on a UL transmission bandwidth configured in a cell. 
In the 3GPP LTE, the number Nl1 may be any one value in the range of 60 to 110.

[61] Each element on the resource grid is referred to as a resource element. The resource 
element on the resource grid can be identified with an index pair (k, €) within a slot. 
Herein, k(k=0,...,NULxl2-l) denotes a subcarrier index in the frequency domain, and 
€(€=0,...,6) denotes an SC-FDMA symbol index in the time domain.

[62] Although it is described herein that one RB includes 7x12 resource elements
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consisting of 7 SC-FDMA symbols in the time domain and 12 subcarriers in the 
frequency domain, this is for exemplary purposes only. Thus, the number of SC- 
FDMA symbols and the number of subcarriers in the RB are not limited thereto. The 
number of subcarriers or the number of SC-FDMA symbols included in the RB may 
change variously. The number of SC-FDMA symbols may change according to a 
length of a cyclic prefix (CP). For example, if a normal CP is used, the number of SC- 
FDMA symbols is 7, and if an extended CP is used, the number of SC-FDMA symbols 
is 6.

[63] The resource grid for one UL slot for the 3GPP LTE of FIG. 5 can also apply to a 
resource grid for a DL slot. In this case, however, the DL slot includes a plurality of or 
thogonal frequency division multiplexing (OFDM) symbols in the time domain.

[64] FIG. 6 shows an exemplary structure of a UL subframe in a 3GPP LTE.
[65] Referring to FIG. 6, the UL subframe may be divided into a control region allocated 

to a physical uplink control channel (PUCCH) carrying UL control information and a 
data region allocated to a physical uplink shared channel (PUSCH) carrying user data. 
To maintain a single carrier property in a UL, consecutive RBs in a frequency domain 
are allocated to one UE. One UE cannot simultaneously transmit the PUCCH and the 
PUSCH.

[66] The PUCCH for one UE is allocated to an RB pair in a subframe. RBs belonging to 
the RB pair occupy different subcarriers in each of the two slots. In this case, it is said 
that the RB pair allocated to the PUCCH is subject to frequency hopping at a slot 
boundary. In FIG. 6, m denotes a location index indicating a frequency domain 
location of an RB pair allocated to the PUCCH in the subframe.

[67] The PUSCH is mapped to an uplink shared channel (UL-SCH) that is a transport 
channel. Examples of UL control information transmitted on the PUCCH include 
HARQ ACK/NACK, a CQI indicating a DL channel condition, an SR that is a UL 
radio resource allocation request, etc.

[68] The PUCCH can support multiple formats. That is, it is possible to transmit the UL 
control information whose number of bits per subframe differs according to the 
modulation scheme. The following table shows an example of a modulation scheme 
and the number of bits per subframe with respect to a PUCCH format.

[69] Table 1 
[Table 1]

PUCCH
format

Modulation
scheme

Number of bits per 
subframe

1 N/A N/A
1a BPSK 1
1b QPSK 2
2 QPSK 20

2a QPSK+BPSK 21
2b QPSK+QPSK 22
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[70] A PUCCH format 1 is used to transmit the SR. A PUCCH format la/lb is used to 
transmit the HARQ ACK/NACK. A PUCCH format 2 is used to transmit the CQI. A 
PUCCH format 2a/2b is used to transmit the CQI and the HARQ ACK/NACK.

[71] In any subframe, if the HARQ ACK/NACK is transmitted alone, the PUCCH format 
la/lb is used, and if the SR is transmitted alone, the PUCCH format 1 is used. The UE 
can transmit the HARQ ACK/NACK and the SR at the same subframe. For positive 
SR transmission, the UE transmits the HARQ ACK/NACK by using a PUCCH 
allocated for the SR. For negative SR transmission, the UE transmits the HARQ ACK/ 
NACK by using a PUCCH resource allocated for the ACK/NACK.

[72] Control information transmitted on the PUCCH uses a cyclically shifted sequence. 
The cyclically shifted sequence can be generated by cyclically shifting a base sequence 
by a specific cyclic shift (CS) amount. The specific CS amount is indicated by a CS 
index. Various types of sequences can be used as the base sequence. For example, 
well-known sequences (e.g., a pseudo-random (PN) sequence and aZadoff-Chu (ZC) 
sequence) can be used as the base sequence. In addition, a constant amplitude zero 
auto-correlation (CAZAC) sequence generated by a computer can be used as the base 
sequence. The following equation shows an example of the base sequence.

[73] MathFigure 1 
[Math.l]

z -X jb(n)n!4r i(n)—e
[74] Herein, i e [0,1,...,29} denotes a root index, and n denotes an element index 

satisfying 0<n<N-l, where N is a length of the base sequence, i can be determined by
a cell identity (ID) and a slot number in a radio frame or the like. If one RB includes 12 
subcarriers, N may be set to 12. A different root index defines a different base 
sequence. If N=12, b(n) can be defined by the following table.

[75] Table 2
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[Table 2]
i b(0)- Mil)
0 -1 1 3 -3 3 3 1 1 3 1 -3 3
1 1 1 3 3 3 -1 1 -3 -3 1 -3 3
2 1 1 -3 -3 -3 -1 -3 -3 1 -3 1 -1
3 -1 1 1 1 1 -1 -3 -3 1 -3 3 -1
4 -1 3 1 -1 1 -1 -3 -1 1 -1 1 3
5 1 -3 3 -1 -1 1 1 -1 -1 3 -3 1
6 -1 3 -3 -3 -3 3 1 -1 3 3 -3 1
7 -3 -1 -1 -1 1 -3 3 -1 1 -3 3 1
8 1 -3 3 1 -1 -1 -1 1 1 3 -1 1
9 1 -3 -1 3 3 -1 -3 1 1 1 1 1
10 -1 3 -1 1 1 -3 -3 -1 -3 -3 3 -1
11 3 1 -1 -1 3 3 -3 1 3 1 3 3
12 1 -3 1 1 -3 1 1 1 -3 -3 -3 1
13 3 3 -3 3 -3 1 1 3 -1 -3 3 3
14 -3 1 -1 -3 -1 3 1 3 3 3 -1 1
15 3 -1 1 -3 -1 -1 1 1 3 1 -1 -3
16 1 3 1 -1 1 3 3 3 -1 -1 3 -1
17 -3 1 1 3 -3 3 -3 -3 3 1 3 -1
18 -3 3 1 1 -3 1 -3 -3 -1 -1 1 -3
19 -1 3 1 3 1 -1 -1 3 -3 -1 -3 -1
20 -1 -3 1 1 1 1 3 1 -1 1 -3 -1
21 -1 3 -1 1 -3 -3 -3 -3 -3 1 -1 -3
22 1 1 -3 -3 -3 -3 -1 3 -3 1 -3 3
23 1 1 -1 -3 -1 -3 1 -1 1 3 -1 1
24 1 1 3 1 3 3 -1 1 -1 -3 -3 1
25 1 -3 3 3 1 3 3 1 -3 -1 -1 3
26 1 3 -3 -3 3 -3 1 -1 -1 3 -1 -3
27 -3 -1 -3 -1 -3 3 1 -1 1 3 -3 -3
28 -1 3 -3 3 -1 3 3 -3 3 3 -1 -1
29 3 -3 -3 -1 -1 -3 -1 3 -3 3 1 -1

[76] A cyclically shifted sequence r(n, Ics) can be generated by cyclically shifting a base 
sequence r(n) according to the following equation.

[77] MathFigure 2 
[Math.2]

flid'n
r(n, Ics) =r(n) · exp(--- ——), 0</c^<jV-1

[78] Herein, Ics denotes a CS index indicating a CS amount (0<Ics<N-l, where Ics is an 
integer).

[79] Hereinafter, an available CS of the base sequence is defined as a CS that can be 
derived from the base sequence according to a CS unit. For example, if the base 
sequence has a length of 12 and the CS unit is 1, the total number of available CSs of 
the base sequence is 12. If the base sequence has a length of 12 and the CS unit is 2, 
the total number of available CSs of the base sequence is 6. The CS unit can be de
termined by considering a delay spread.

[80] FIG. 7 shows an example of PUCCH format 1/la/lb transmission if a normal CP is 
used. Herein, an RB pair allocated to a 1st slot and a 2nd slot in one subframe is 
shown.

[81] Referring to FIG. 7, each of the 1st slot and the 2nd slot includes 7 SC-FDMA 
symbols. Among the 7 SC-FDMA symbols of each slot, a reference signal (RS) is 
carried on 3 SC-FDMA symbols, and control information is carried on the remaining 4
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SC-FDMA symbols. The RS is carried on 3 contiguous SC-FDMA symbols positioned 
in a middle portion of each slot. In this case, the position and the number of symbols 
used for the RS may vary, and thus the position and the number of symbols used for 
the control information may also vary.

[82] Each of the PUCCH formats 1, la, and lb uses one complex-valued symbol d(0). A 
BS can detect an SR according to presence/absence of PUCCH transmission from a 
UE. Therefore, a specific value (e.g., d(0)=l) can be used as the complex-valued 
symbol d(0) for the PUCCH format 1. The complex-valued symbol d(0) for the 
PUCCH format la is generated if 1 -bit HARQ ACK/NACK information is binary 
phase shift keying (BPSK) modulated. The complex-valued symbol d(0) for the 
PUCCH format lb is generated if 2-bit HARQ ACK/NACK information is quadrature 
phase shift keying (QPSK) modulated.

[83] A modulated sequence y(n) is generated based on the complex-valued symbol d(0) 
for the PUCCH format 1/la/lb and the cyclically shifted sequence r(n,Ics). The 
modulated sequence y(n) can be generated by multiplying the complex-valued symbol 
d(0) by the cyclically shifted sequence r(n,Ics) according to the following equation.

[84] MathFigure 3 
[Math.3]

X«) = ¢/(0) r(« cs)

[85] A CS index Ics of the cyclically shifted sequence r(n,Ics) may differ according to a 
slot number ns in a radio frame and an SC-FDMA symbol index i in a slot. Therefore, 
the CS index Ics can be expressed by Ics(ns,/j. Herein, a slot number of the 1st slot is 
set to 0, a slot number of the 2nd slot is set to 1, and the CS index is set to Ics(0,0)=0, 
Ics(0,1)=1, Ics(0,5)=2, Ics(0,6)=3, Ics(l,0)=4, Ics(l,1)=5, Ics(l,5)=6, and Ics(l,6)=7. 
However, this is for exemplary purposes only.

[86] To increase UE capacity, the modulated sequence y(n) can be spread by using an or
thogonal sequence (OS). Herein, the modulated sequence y(n) is spread by using an 
OS w(k) having a spreading factor of K=4 with respect to 4 SC-FDMA symbols for 
carrying control information within one slot.

[87] An OS wlos(k) having a spreading factor of K=4 (where Ios is an OS index,
0<k<K-l) can use a sequence shown in the following table.

[88] Table 3 
[Table 3]

Orthogonal sequence index rw(0),w(1),w(2),w(3)l
0 [+1 +1 +1 +l]

1 [+1 -1 +1 -1]

2 [+1 -1 -1 +l]
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[89] Alternatively, the OS wlos(k) having a spreading factor of K=3 (where Ios is an OS 
index, 0<k<K-l) can use a sequence shown in the following table.

[90] Table 4 
[Table 4]

Orthogonal sequence index rw(0),w(1),w(2)l

0 [1 1 1]

1 [l e12"12 ej4,r/’]

2 [l e’^2 el2x!2\

[91] The OS index Ios may differ according to the slot number ns in the radio frame. 
Therefore, the OS index Ios can be expressed by Ios(ns).

[92] The modulated sequence y(n) may be scrambled in addition to being spread using the 
OS. For example, the modulated sequence y(n) may be multiplied by 1 or j according 
to a specific parameter.

[93] The RS can be generated based on the OS and the cyclically shifted sequence 
generated from the same base sequence as the control information. The cyclically 
shifted sequence can be used as the RS by spreading the cyclically shifted sequence 
with the OS w(k) having a spreading factor of K=3. Therefore, in order for the UE to 
transmit the control information, in addition to the OS index and the CS index for the 
control information, the OS index and the cyclically shifted index for the RS are also 
required.

[94] FIG. 8 shows an example of PUCCH format 1/la/lb transmission if an extended CP 
is used.

[95] Referring to FIG. 8, each of a 1st slot and a 2nd slot includes 6 SC-FDMA symbols. 
Among the 6 SC-FDMA symbols of each slot, an RS is carried on 2 SC-FDMA 
symbols, and control information is carried on the remaining 4 SC-FDMA symbols. 
Other than that, the example of FIG. 8 in which the normal CP is used may be applied 
without alteration. However, the RS can be used by spreading the cyclically shifted 
sequence with the OS w(k) having a spreading factor of K=2.

[96] An OS wlos(k) having a spreading factor of K=2 (where Ios is an OS index,
0<k<K-l) can use a sequence shown in the following table.

[97] Table 5 
[Table 5]

Orthogonal sequence index [w(0),w(1>]
0 [I 1]

1 [1 -1]
2 N/A

[98] As described above, for PUCCH format 1/la/lb transmission, both of the normal CP
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and the extended CP require the following information. That is, a CS index Ics and an 
OS index Ios are required for the control information, and a CS index I'cs and an OS 
index I'os are required for the RS.

[99] Hereinafter, a method of transmitting a sounding reference signal (SRS) will be 
described. The SRS is a reference signal transmitted for UL scheduling by a UE to a 
BS. The BS estimates a UL channel by using the received SRS, and uses the estimated 
UL channel in the UL scheduling.

[100] LIG. 9 shows an example of a subframe for transmitting an SRS.
[101] Referring to LIG. 9, the SRS is transmitted in one SC-LDMA symbol of the 

subframe. An SC-LDMA symbol of a duration in which the SRS is transmitted is 
hereinafter referred to as a sounding symbol. Herein, the sounding symbol is a last SC- 
LDMA symbol among 14 SC-LDMA symbols constituting the subframe. However, 
this is for exemplary purposes only, and thus the position and number of sounding 
symbols in the subframe may change variously.

[102] The SRS is transmitted not in a control region but in a data region. The UE may 
transmit the SRS throughout the entire frequency (or subcarrier) of the data region or 
may transmit the SRS throughout a portion of the frequency of the data region. If the 
UE transmits the SRS throughout the portion of the frequency, the SRS may be 
transmitted throughout different frequencies by frequency hopping in each subframe 
for transmitting the SRS. Lurther, the UE may transmit the SRS by using only sub
carriers of even (or odd) subcarrier indices. The UE may transmit the SRS periodically 
or aperiodically.

[103] The SRS may generate based on a cyclically shifted sequence obtained by cyclically 
shifting a base sequence by a specific CS amount. A PN sequence, a ZC sequence, or a 
CAZAC sequence generated by a computer can be used as the base sequence.

[104] An SRS of each of a plurality of UEs can be multiplexed by allowing each UE within 
a cell to differently use a CS amount, a subcarrier, or a subframe for transmitting the 
SRS.

[105] The BS can transmit parameters for the SRS to the UE. The parameters may be in
formation on an SRS transmission time, frequency information, CS amount in
formation, etc. The information on the SRS transmission time may be a subframe for 
transmitting the SRS, a transmission period, etc. The frequency information may be a 
subcarrier index, the number of RBs for transmitting the SRS, etc. The parameters may 
be set by a higher layer (e.g., radio resource control (RRC)).

[106] The subframe for transmitting the SRS may overlap with a subframe for transmitting 
control information on a PUCCH. Lor example, if the UE transmits the CQI, the SR, 
and the SRS according to respective transmission periods, a subframe for transmitting 
the SR may overlap with the subframe for transmitting the SRS. In this case, which
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operation will be performed by the UE is problematic since one UE cannot simul
taneously transmit the PUCCH and a PUSCH.

[107] In the 3GPP LTE, if SRS transmission and PUCCH transmission carrying CQI 
happen to coincide in a same subframe, the UE shall not transmit the SRS. If SRS 
transmission and PUCCH transmission carrying SR happen to coincide in a same 
suabframe, the UE shall not transmit the SRS.

[108] If SRS transmission and PUCCH transmission carrying ACK/NACK happen to 
coincide in a same subframe, the UE may not transmit the SRS. Alternatively, the UE 
may support simultaneous transmission of the ACK/NACK on a PUCCH and the SRS 
by using a shortened ACK/NACK format of the ACK/NACK.

[109] FIG. 10 shows an example of transmission for a shortened ACK/NACK format if a 
normal CP is used. FIG. 11 shows an example of transmission for a shortened ACK/ 
NACK format if an extended CP is used.

[110] Referring to FIGs. 10 and 11, 2-bit ACK/NACK information is QPSK modulated to 
generate one modulated symbol d(0). Alternatively, 1 -bit ACK/NACK information 
may be QPSK modulated to generate one modulated symbol d(0). A last SC-FDMA 
symbol of a 2nd slot in a subframe is punctured. An SRS may be transmitted in a 
duration corresponding to the punctured symbol. That is, the punctured symbol cor
responds to a location at which the SRS is transmitted. A 1st slot is the same as in FIG. 
7 or 8. In the 2nd slot, control information is carried on three SC-FDMA symbols. An 
orthogonal sequence having a spreading factor of K=3 is used for the three SC-FDMA 
symbols. That is, the 1st slot is asymmetric to the 2nd slot. Hereinafter, the PUCCH 
format of FIGs. 7 and 8, which is differentiated from the shortened ACK/NACK 
format, is referred to as a normal PUCCH format.

[111] However, in a subframe for transmitting ACK/NACK by using the shortened ACK/ 
NACK format, a problem may occur if another UE transmits an SR based on the 
normal PUCCH format. Hereinafter, the SR based on the normal PUCCH format is 
referred to as a normal SR.

[112] Each of a plurality of UEs within a cell can simultaneously transmit the control in
formation to the BS. In this case, if the respective UE use different PUCCH resources, 
the BS can distinguish the control information of the respective UEs. The PUCCH 
resource is a resource used to transmit the control information on a PUCCH. The 
PUCCH resource is identified by a PUCCH resource index. A CS index and a 
frequency for PUCCH transmission are determined by the PUCCH resource index. An 
orthogonal sequence index for the PUCCH transmission may also be determined by the 
PUCCH resource index. Hereinafter, n(1)PuccH denotes a first PUCCH resource index 
and is a PUCCH resource index for the PUCCH format 1/la/lb. In addition, n(2)PUCcH 
denotes a second PUCCH resource index and is a PUCCH resource index for the
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PUCCH format 2/2a/2b.
[113] FIG. 12 shows an example of allocating first PUCCH resource indices.
[114] Referring to FIG. 12, N(1)Pucch first PUCCH resource indices (e.g., n(1)PuccH=0,---,N(1) 

pucch-1) are allocated for an SR and semi-persistent scheduling (SPS) ACK/NACK.
The SPS ACK/NACK is ACK/NACK for DL data transmitted based on SPS. If the DL 
data is transmitted on a PDSCH, a PDCCH corresponding to the PDSCH may not 
exist.

[115] A BS reports various parameters to a UE. Examples of the parameters include N(1) 
pucch, an SR index that is a first PUCCH resource index for the SR, an SPS ACK/ 
NACK index that is a first PUCCH resource index for the SPS ACK/NACK. The pa
rameters may be set by a higher layer (e.g., RRC). The parameter N(1)Pucch is common 
to all UEs within a cell. The SR index and the SPS ACK/NACK index are UE-specific 
parameters.

[116] The remaining first PUCCH resource indices are allocated for a dynamic ACK/ 
NACK. These indices are referred to as dynamic ACK/NACK indices. That is, the 
dynamic ACK/NACK indices are allocated consecutively with respect to the SR index 
and the SPS ACK/NACK index. The dynamic ACK/NACK is ACK/NACK for DL 
data transmitted based on dynamic scheduling. A first PUCCH resource index for the 
dynamic ACK/NACK can be determined using the parameter N(1)Pucch and a resource 
for transmitting a control channel used for DL data scheduling. For example, the 
control channel may be a PDCCH.

[117] FIG. 13 shows an example of an RB allocated to a PUCCH.
[118] Referring to FIG. 13, m denotes a location index indicating a location of the RB 

allocated to the PUCCH along a frequency domain in a subframe (see FIG. 6). N(2)rb 

RBs (e.g., m=0,...,N(2)RB-l) are used in transmission only for the PUCCH format 
2/2a/2b. A BS can report a parameter N(2)rb to a UE. An RB of m=N(2)RB is a mixed RB. 
The mixed RB is an RB used to mix the PUCCH format 1/1 a/lb and the PUCCH 
format 2/2a/2b. The number of RBs that can be supported as the mixed RB is less than 
or equal to one within each slot. An RB received from the BS can be multiplexed with 
UL control information of each of a plurality of UEs within the cell. In the mixed RB, 
different types of control information can be multiplexed. For example, if one UE 
transmits an SR through the mixed RB, another UE within a cell can transmit a CQI 
through the mixed RB. N(1)Cs denotes the number of CSs used for the PUCCH format 
1/la/lb within a mixed RB. The remaining RBs are used in transmission only for the 
PUCCH format 1/la/lb. That is, the mixed RB and subsequent RBs are used for ACK/ 
NACK transmission or SR transmission.

[119] The UE can obtain an RB (or subcarrier) allocated to the PUCCH from a PUCCH 
resource index. The location index m in the subframe can be obtained by the following
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equation.
[120] MathFigure 4 

[Math.4]

for formats 1, la and lb

TV®2Vrb

m = <
WPUCCTT _ C ' ^csV2^ shift

c-/V/Ashlft + +
cs

8

for formats 2, 2a and 2b

< c · TV1-1' /Δ11 "PUCCTT L JV cs / shift

otherwise

1 = [n (2)
PUCCH /nJ

[121] where

J3 for normal CP 
12 for extended CP

Αωιΐ e {1,2,3}

[122] Herein, N denotes the number of subcarriers included in the RB.
[123] The shortened ACK/NACK format can be used as a cell basis or a subframe basis. In 

this case, all UEs within the cell or all UEs within one subframe naturally use a 
shortened ACK/NACK or SR. The shortened ACK/NACK format can be used as an 
RB basis. In this case, if a normal SR format and the shortened ACK/NACK format 
are used in one subframe, an RB for transmission of the normal SR has to be 
physically separated from an RB for transmission of the shortened ACK/NACK 
format. This is to maintain orthogonality between SR using the normal SR format and 
ACK/NACK using the shortened ACK/NACK format.

[124] However, as described above, although an SR index is distinguished logically from a 
dynamic ACK/NACK index, the SR index is not distinguished physically from the 
dynamic ACK/NACK index. This is because, although the SR index and the dynamic 
ACK/NACK index have different values, the SR index and the dynamic ACK/NACK 
index can be allocated to the same RB. Therefore, to use both the normal SR format 
and the shortened ACK/NACK format, there is a need to allocate a new RB for the 
dynamic ACK/NACK separated from the RB for the SR. In this case, the new RB is 
allocated irrespective of whether the RB for the SR is fully used by the SR index. This 
causes waste of RBs. If Ashift is 1, up to 36 first PUCCH resource indices can be used 
for one RB. If one RB uses only one SR index and a new RB for a dynamic ACK/ 
NACK is allocated, 35 indices are wasted in that RB which uses one SR index. In the 
case of using a system in which a subframe includes 6 RBs in a frequency domain, up 
to about 25 % of wastes of resource indices occurs in one RB.

[125] The aforementioned problems can be easily solved by using a shortened SR format 
having the same structure as the shortened ACK/NACK format.
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[126] FIG. 14 shows an example of transmission for a shortened SR format if a normal CP 
is used. FIG. 15 shows an example of transmission for a shortened SR format if an 
extended CP is used.

[127] Referring to FIGs. 14 and 15, one symbol d(0) is used for an SR. A BS can detect an 
SR according to presence/absence of PUCCH transmission from a UE. Therefore, a 
specific value (e.g., d(0)=l) can be used as the complex-valued symbol d(0) for the 
PUCCH format 1. That is, unlike the ACK/NACK, the SR is not subjected to a process 
of modulating binary information. In this case, the SR is transmitted based on a first 
PUCCH resource index allocated for the SR. That is, the UE determines an orthogonal 
sequence index, a CS index and a location of an RB from the first PUCCH resource 
index, and transmits the SR.

[128] A last SC-FDMA symbol of a 2nd slot in a subframe is punctured. An SRS may be 
transmitted in a duration corresponding to the punctured symbol. A 1st slot is the same 
as in FIG. 7 or 8. In the 2nd slot, control information is carried on three SC-FDMA 
symbols. An orthogonal sequence having a spreading factor of K=3 is used for the 
three SC-FDMA symbols. That is, the 1st slot is asymmetric to the 2nd slot.

[129] As such, since the shortened SR format has the same format as the shortened ACK/ 
NACK format, there is no system overhead for implementing the shortened SR format. 
Further, since one UE can simultaneously transmit the SR and the SRS, limited radio 
resources can be effectively used. Furthermore, it is possible to avoid a situation where 
the SRS is not transmitted at a proper time. If the shortened ACK/NACK format is 
configured, the shortened SR format can be configured for effective use of the first 
PUCCH resource. In addition, if the normal ACK/NACK format is configured, the 
normal SR format can be configured. Accordingly, the SR and the ACK/NACK can 
use the same format and thus orthogonality between the SR and the ACK/NACK can 
be maintained. In addition, since the ACK/NACK and the SR are simultaneously 
configured in the same type of formats, scheduling complexity can be reduced. 
Therefore, the SR can be effectively transmitted, and overall system performance can 
be improved.

[130] FIG. 16 is a flow diagram showing an example of a method of transmitting UL 
control information by using a shortened SR format.

[131] Referring to FIG. 16, a BS transmits parameters for a shortened SR to a UE (step 
SI 10). Examples of the parameters for the SR include a simultaneous transmission 
indicator and a specific subframe configuration parameter. The parameters may be 
common to all UEs within a cell. The parameters for the shortened SR may be 
transmitted together with parameters for an SRS. The parameters for the shortened SR 
can be configured by a higher layer (e.g., RRC).

[132] The simultaneous transmission indicator indicates whether simultaneous transmission
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of an SR and/or ACK/NACK and an SRS is supported. If the simultaneous 
transmission indicator supports simultaneous transmission, the UE can use the 
shortened ACK/NACK format and the shortened SR format. That is, it can be seen that 
the simultaneous transmission indicator indicates whether one SC-FDMA symbol on a 
PUCCH is punctured.

[133] The specific subframe configuration parameter indicates a subframe in which the 
shortened ACK/NACK format and the shortened SR format are transmitted. The UE 
can use the shortened SR format only in a specific subframe indicated by the specific 
subframe configuration parameter. That is, it can be seen that the specific subframe 
configuration parameter indicates a specific subframe in which one SC-FDMA symbol 
on a PUCCH is punctured.

[134] The UE configures the PUCCH in the specific subframe according to the shortened 
SR format (step S120). The UE transmits the SR of the shortened SR format on the 
PUCCH (step S130). In this case, even if the SRS is not transmitted at a specific 
subframe, the UE transmits the SR of the shortened SR format. The BS transmits a UL 
resource on a PDCCH to the UE (step S140). The UL resource is a response for the 
SR.

[135] The following table shows an example of a period of a specific subframe indicated 
by the specific subframe configuration parameter and a specific subframe offset.

[136] Table 6 
[Table 6]

Specific subframe 
configuration Period Offset

0 1 {0}

1 2 {0}

2 2 {1}

3 5 {0}

4 5 {1}

5 5 {2}

6 5 {3}

7 5 {0.1}

8 5 {2,3}

9 10 {0}

10 10 {1}

fl 10 {2}

12 10 {3}

13 10 {0,1,2,3,4,6,8}

14 10 {0,1,2,3,4,5,6,8}

15 Inf N/A
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[137] Herein, the specific subframe is a subframe satisfying the following equation.
[138] MathFigure 5 

[Math.5]

L ns /2 J mod TSFCxz ASFC
[139] Herein, ns denotes a slot number within a radio frame, TSFC denotes a period of a 

specific frame, and ASFC denotes a specific subframe offset.
[140] FIG. 17 is a flow diagram showing another example of a method of transmitting UL 

control information by using a shortened SR format.
[141] Referring to FIG. 17, a BS transmits parameters for a shortened SR to a UE (step 

S210). The UE configures the PUCCH in the specific subframe indicated by the pa
rameters according to the shortened SR format (step S220). The UE simultaneously 
transmits an SRS and an SR of the shortened SR format on the PUCCH (step S230). 
The BS transmits a UL resource on a PDCCH to the UE (step S240).

[142] FIG. 18 shows an example of transmission of an SR and an SRS at a specific 
subframe.

[143] Referring to FIG. 18, a UE punctures one SC-FDMA symbol in a duration in which 
the SRS is transmitted. Accordingly, the UE can simultaneously transmit an SRS and 
an SR of the shortened SR format.

[144] FIG. 19 is a block diagram showing wireless communication system to implement an 
embodiment of the present invention. A BS 50 may include a processor 51, a memory 
52 and a radio frequency (RF) unit 53. The processor 51 may be configured to 
implement proposed functions, procedures and/or methods described in this de
scription. Layers of the radio interface protocol may be implemented in the processor 
51. The memory 52 is operatively coupled with the processor 51 and stores a variety of 
information to operate the processor 51. The RF unit 53 is operatively coupled with the 
processor 11, and transmits and/or receives a radio signal. A UE 60 may include a 
processor 61, a memory 62 and a RF unit 63. The processor 61 may be configured to 
implement proposed functions, procedures and/or methods described in this de
scription. The memory 62 is operatively coupled with the processor 61 and stores a 
variety of information to operate the processor 61. The RF unit 63 is operatively 
coupled with the processor 61, and transmits and/or receives a radio signal.

[145] The processors 51,61 may include application-specific integrated circuit (ASIC), 
other chipset, logic circuit, data processing device and/or converter which converts a 
baseband signal into a radio signal and vice versa. The memories 52, 62 may include 
read-only memory (ROM), random access memory (RAM), flash memory, memory 
card, storage medium and/or other storage device. The RF units 53, 63 include one or 
more antennas which transmit and/or receive a radio signal. When the embodiments
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are implemented in software, the techniques described herein can be implemented with 
modules (e.g., procedures, functions, and so on) that perform the functions described 
herein. The modules can be stored in memories 52, 62 and executed by processors 51, 
61. The memories 52, 62 can be implemented within the processors 51, 61 or external 
to the processors 51, 61 in which case those can be communicatively coupled to the 
processors 51,61 via various means as is known in the art.

[146] In view of the exemplary systems described herein, methodologies that may be im
plemented in accordance with the disclosed subject matter have been described with 
reference to several flow diagrams. While for purposed of simplicity, the 
methodologies are shown and described as a series of steps or blocks, it is to be un
derstood and appreciated that the claimed subject matter is not limited by the order of 
the steps or blocks, as some steps may occur in different orders or concurrently with 
other steps from what is depicted and described herein. Moreover, one skilled in the art 
would understand that the steps illustrated in the flow diagram are not exclusive and 
other steps may be included or one or more of the steps in the example flow diagram 
may be deleted without affecting the scope and spirit of the present disclosure.

[147] What has been described above includes examples of the various aspects. It is, of 
course, not possible to describe every conceivable combination of components or 
methodologies for purposes of describing the various aspects, but one of ordinary skill 
in the art may recognize that many further combinations and permutations are possible. 
Accordingly, the subject specification is intended to embrace all such alternations, 
modifications and variations that fall within the spirit and scope of the appended 
claims.
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1. A method of transmitting a scheduling request in a wireless communication system, 

carried in a user equipment, the method comprising:

receiving a sounding reference signal (SRS) configuration to determine a SRS subframe; 

receiving a simultaneous transmission indicator indicating whether user equipment is

configured to support a transmission of a SRS and a hybrid automatic repeat request (HARQ) 

acknowledgement/not-acknowledgment (ACK/NACK) on a physical uplink control channel 

(PUCCH) in one subframe; and

if the user equipment is configured to support the transmission of the SRS and the HARQ 

ACK/NACK on the PUCCH in one subframe, transmitting the SRS and a scheduling request (SR) 

in the SRS subframe,

wherein the SRS subframe includes a plurality of single carrier-frequency division 

multiple access (SC-FDMA) symbols, and

wherein the SRS is transmitted in a last SC-FDMMA symbol of the SRS subframe and the 

SR is transmitted in remaining SC-FDMA symbols of the SRS subframe.

2. The method of claim 1, wherein the last SC-FDMA symbol used for the SRS is a 

punctured SC-FDMA symbol.

3. An apparatus for transmitting a scheduling request in a wireless communication system, 

the apparatus comprising:

a radio frequency (RF) unit configured for transmitting and receiving a radio signal; and 

a processor coupled with the RF unit and configured for:

receiving, via the RF unit, a sounding reference signal (SRS) configuration to 

determine a SRS subframe;

receiving, via the RF unit, a simultaneous transmission indicator indicating 

whether the apparatus is configured to support a transmission of a SRS and a hybrid 

automatic repeat request (HARQ) acknowledgement/not-acknowledgment (ACK/NACK) 

on a physical uplink control channel (PUCCH) in one subframe; and

if the apparatus is configured to support the transmission of the SRS and the 

HARQ ACK/NACK on the PUCCH in one subframe, transmitting the SRS and a 

scheduling request (SR) in the SRS subframe,

wherein the SRS subframe includes a plurality of single carrier-frequency division 

multiple access (SC-FDMA) symbols, and
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wherein the SRS is transmitted in a last SC-FDMMA symbol of the SRS subframe and the 

SR is transmitted in remaining SC-FDMA symbols of the SRS subframe.

4. The apparatus of claim 3, wherein the last SC-FDMA symbol used for the SRS is a 

punctured SC-FDMA symbol.

5. A method of transmitting a scheduling request in a wireless communication system, 

carried in a user equipment, substantially as herein described with reference to the drawings.

6. An apparatus of transmitting a scheduling request in a wireless communication system, 

substantially as herein described with reference to the drawings.
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