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A StLtel ZC root sequenceOl CHGH circular shiftE &ofl 60HS & s& 25 MAH0| Jtsdtl, SR A
I Alcl= OFDM & =0l ol 20) 42 =W £S5, RSE EE&He= 720M 20l 32

St SR g R4S o= B2, oi2E A2 a2 Wel 20 6212 SR e MA0l JtsstCh. 0l
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C. Non-coherent SR Structure without Dedicated RS
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<H & Flt+=ZH stot 25 Y0l 2 dedicated SR 2 ACK/NACK ZHE ==2| #Hst

The Number of Reserved Freq.- | The Number of Non-coherent SR The Number of
Domain Spreading Codes Channels without Dedicated RS ACK/NACK Channels
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3 12 12
6 24 0
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D. SR Transmission Method in a Slot-based Hopping ACK/NACK Channel Structure

2 EHOlM &8 coherent L= non-coherent SR & XS ZR ACK/NACK LS ZEE Lgiotl,
OlE EtHGIH SR only H& ARt S8 otLte WY R4 HAS Hototd UCH SHE, dedicated SR i<
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St X2F JHEGHE B2, SR MES capability JF S XAMNAS &84 SUY &8 =Qst 22
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Specification

1. Title of the invention{(device) -

Transmission Methods for Scheduling Request Through Time— or Frequency Spreading Control Channels

2. Detailed description of the invention (device)

1) Object of the invention (device)

The present invention proposes methods for transmitting additional information by taking the existing
structure of a control channel into account if a scheduling request (SR) is made through time or frequency
spreading channeis for a control signal. Particularly, the present invention proposes a transmission method
which can support both the control signal and the SR in the same time—frequency resource without
changing the existing structure of a spreading control channel. To this end, there are proposed an SR
channel creating method using a spreading code, and an additional SR channel creating method without
using a spreading code for an allocated control signal. Specifically, there are proposed a code allocation
method for distinguishing a control signal and an SR signal, a channel configuration method for transmitting
SR information through an allocated code, a coherent/non—coherent demodulation method, and separately
a method for enabling transmission of additional SR information through frequency hopping while
maintaining the code allocation method for configuring the control channel.

2) Description of related art — Problems of the latest published technology related to the present
invention (device) are as follows. If there are literatures, patent publication or the like publication as an
example of the related art, they have to be attached and described with reference to accompanying

drawings. (the above well-known data is important to describe claims of the invention (device))

(1) Configuration of related art

In the case of a broadband communication system, there have been proposed trans-receiving
technigues and utilization plans more effective in time, spatial and frequency domains in order to maximize
efficiency in limited wireless resources. Particularly, a multi-carrier based orthogonal frequency divisional
multiplexing (OFDM) is in the limelight for increasing the efficiency of wireless resources the frequency
domain since it is advantageous in that spectral efficiency is maximized through selective scheduling or the
like in the frequency domain on the basis of different channel characteristics of a sub—carrier in addition to
reduced complexity of a receiver under a frequency selective fading environment generated in the
broadband channel. Multiple antenna technologies have been applied to maximize the efficiency in the
spatial domains, and utilized as a technology suitable for high—speed multimedia data transmission through
generation of a plurality of time and frequency domains in the spatial domain. To efficiently use resources
in the time domain, there have also been applied an HARQ technigue or the like suitable for packet—data
transmission as well as scheduling that utilizes channel coding and channel selective characteristics among
plural users.

As above, downlink/uplink control signal transmission with regard to the time, spatial and frequency
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domains is prerequisite in order to achieve various trans—receiving techniques for high-speed packet
transmission in the broadband time-space. To this end, previously—allocated control channels have been
utilized to transmit the control signals. Specifically, a transmission structure for an uplink control signal in
long term evolution (LTE) will be described as an exemplary embodiment. An ACK/NACK transmission
structure will be examined with a small amount of data signal transmission in the LTE. It is important for the
transmission to concentrate power on one spot instead of increasing a bandwidth of a signal transmitted by
user equipment, and a peak-to—average power ratio (PAPR) of a transmission signal has to be also
decreased. For this, the LTE basically uses single carrier—frequency division multiplexing (SC-FDM) in the
uplink signal transmission. The SC—-FDM is a transmission method of making variation of a signal small,
which have a larger coverage effect when using a power amplifier. A basic structure of the SC—FDM is
shown in FIG. 1. The most significant feature of the SC-FDM, which a transmission signal is first spread
through discrete Fourier transform (DFT) and then mapped as being concentrated on a frequency band at a
part where the transmission signal is generated, is that the generated signal has an effect like a single

carrier. Thus, the generated signal has a small PAPR.

[onuo) + BEq

FIG. 1. SC—FDM structure
With this SC—FDM structure, there are points to be considered when transmitting a control signal. First,

when the control signal is transmitted, different methods are taken according to whether there is data or no
data. If there is no data to be transmitted along with the control signal, some of a system band is
distinguished and allocated by FOM and the user equipment for transmitting only the control signal
transmits the control signal by demodulating the control signal to this allocated region in the form of SC-
FDM (refer to FIG. 2). In this allocated region, the method of transmitting the control signal may employ

FDM or code division multiplexing (CDM) between the user eguipments.
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FIG. 2. Transmission of the control signal when there is no data

When the control signal is transmitted within a previously allocated band as shown in FIG. 2, it has been
considered that the spreads in the time domain as well as the frequency domain are all used to maximize
UE capability for transmitting a small amount of data. Further, FIG. 3 shows a control channel structure for
transmitting coherent ACK/NACK transmission. In the drawing, the transmission structure of one slot is
shown, and a frequency diversity gain is obtained as one signal is repetitively transmitted through slot-
based frequency hopping in one sub—frame as shown in FIG. 2.

ACK/NAK
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FIG. 3. Transmission structure of uplink control signal for coherent ACK/NACK in LTE

The control channel region previously allocated for transmitting the above time—frequency spreading
ACK/NACK signal has to be taken into account when the user equipment (UE) transmits a scheduling
request for transmitting the uplink data. It is possible to configure a dedicated SR channel by allocating
certain time/frequency/code resources. At this time, if an arbitrary UE has to transmit both the SR signal
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and the control signal in a certain transmission section, it is difficult to maintain the feature of the SC-
FOMA when transmitting them through a plurality of channels different in a frequency domain, and thus
single information may have to be transmitted through a single channel selected between an SR channel
and a control channel. However, since it is difficult to clearly distinguish priority for selecting a certain
signal between the control signal and the SR signal, particularly, the ACK/NACK control signal necessary for
maximizing the efficiency of the limited wireless resource by performing retransmission effective in the
downlink based on a small amount of the control signal directly affects the downlink performance, the
downlink performance is deteriorated and the resource efficiency is lowered if the ACK/NACK transmission
is dropped even through the high priority SR transmission is required. Accordingly, there is need of
proposing an effective SR transmission method using the existing control channel under the condition that
a certain UE is required to transmit the SR signal and the control signal.

(2) Description of how device of related art operates

(3) Problems of related art

3) Description of the invention (device) — Overall descriptions about achievement with regard to the

object of the invention (device).

(1) Configuration of the invention (device)

The present invention proposes an effective SR channel configuration for SR transmission in a
control channel configured with time-frequency domain spreads. As a detailed approaching method,
there is proposed a method of transmitting an SR signal in a 20 spreading channel structure
considering time and frequency spreading |ike an LTE ACK/NACK channel. To this end, a channel
structure for transmitting the SR signal is designed considering the following required conditions.

(1) It is needed to design a channel compatible with the existing ACK/NACK channel structure as
shown in FIG. 3.

(2) It has to be possible to support the same channel structure when transmitting only an SR
signal .

(8) UE capability and transmission capacity in the existing ACK/NACK channel have to be maintained
when transmitting only the ACK/NACK.

(4) UE multiplexing capability have to be maximized when both the SR signal and the control signal
are transmitted.

(5) The same SR channel has to be configured regardless of whether the ACK/NACK signal and the SR

signal are transmitted simultaneously or not.
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(6) The ACK/NACK channel and the SR channel have to be flexibly configured in the allocated time-
freguency resources.

(7) The flexibility of code allocation has to be enhanced when a dedicated SR channel is configured
through the code allocation.

(8) It has to be possible to transmit the control signal and the SR signal in the minimum frequency
resource allocation supportable in a narrow band.

(9) The performance of detecting the ACK/NACK signal has not to be deteriorated after detecting an
SR signal.

(10) One method for detecting the SR signal has to be applied regardless of whether there is an
ACK/NACK signal.

(11) The structure has to coexist with the existing control signal (ACK/NACK or CQl) transmission
method without any restriction to the existing control signal transmission method.

There is proposed a method of configuring an SR channel and an ACK/NACK channel through the code
allocation is proposed in order to consider the SR channel configuration plan by taking the foregoing
requirements into account, and a specific SR channel structure based on a coherent or non-coherent SR
detecting method using the same. Also, there is proposed an SR transmission method through freguency
hopping using the existing ACK/NACK structure. The SR channel structure proposed in the present
invention can be extended as a general SR channel configuration method irrespective of presence of an
arbitrary control signal as long as it is not iimited to only the transmission simultaneous with a
certain control signail such as the ACK/NACK signal.

A. SR Channel Generation by Allocating the Spreading Codes for Control Channels

In the case of the existing channel for transmitting the ACK/NACK control signal as shown in FIG.
3, the control channel is configured by 20 spreading using ZC codes in the frequency domain and
orthogonal codes having a length of 4(for short CP) for the ACK/NACK data or orthogonal codes having
a length of 3 for RS in the time domain. Specifically, if 6 orthogonal codes can be generated by a
circular shift with regard to a ZC root sequence having a length of 12 in the frequency domain of
1RB, the ACK/NACK UE capability supportable in 1 siot is 18, in which the multiplexing capacity is
determined by the length of RS for coherent demodulation. At this time, the 20 spreading codes in the
ACK/NACK are effectively reserved for the SR transmission and allocated for the SR, so that a SR
dedicated channel can be configured. Thus, the SR signal transmission using the dedicated SR channel
need not try to detect a dedicated SR code for detecting an SR signal every time when the ACK/NACk
signal is detected and tries to detect the SR signal only when both the SR signal and the ACK/NACK
signal are simultaneously transmitted, since it is possible to obtain the SR signal through non-
coherent signal detection using a dedicated SR allocation code regardliess of whether the ACK/NACK
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signal is detected or not and a base station knows the simultaneous transmissions.

The code allocation methods for configuring the ACK/NACK channel and the dedicated SR channel are

as fol lows.

(1) A method of allocating one or more certain codes (e.g., circular shift) for the dedicated SR
with regard to an arbitrary frequency-domain spreading code (e.g. ZC root sequence) allocated
to the ACK/NCAK channel frequency-domain spreading code

(2) A method of allocating one or more orthogonal codes for the dedicated SR among the time-domain
spreading codes (time covering) allocated to the ACK/NCAK channel

(3) A method of allocating one or more orthogonal codes for the dedicated SR among time-frequency
20 spreading codes allocated to the ACK/NCAK channel

The above three code allocating methods can be applied to a control channel structure employing a
code hopping method by extending to allocation of a spreading hopping pattern defined per one or more
symbols. As to the specific SR channel configuration method based on the foregoing code allocation
method, the following transmission method can be proposed by dividing into the coherent SR structure
and the non-coherent SR structure according to the presence of the dedicated RS.

B. Coherent SR Structure with Dedicated RS

The coherent SR structure having the dedicated RS can configure the channels different according to
the spreading code allocation method as described above. The SR channel configuration method proposed
in this embodiment is applicable in an arbitrary control channel structure using a spreading code,
and detailed exemplary embodiments will be described considering the ACK/NACK channel configuration
method as shown in FIG. 3.

(1) A _method of allocating one or more certain codes (e.g., circular shift) for the dedicated SR

with regard to an arbitrary freguency-domain spreading code (e.g. ZC root sequence) allocated to
the ACK/NCAK channel freguency-domain spreading code

FIG. 4 shows the coherent SR transmission structure in which the frequency domain spreading code is
allocated for the SR channel configuration, and the time domain spreading code allocation different
in length is applied according to the RS and SR information transmission symbols. As shown therein,
if the dedicated RS is configured for the coherent SR transmission, even though the number of time—
domain orthogonal spreading codes used in the SR transmission symbols is larger than that of the RS
dedicated orthogonal spreading codes, the number of SR channels supportable for the coherent SR
signal demodulation (only the SR transmission without the control signal) is determined by the
minimum number of time—domain orthogonal spreading codes in a dedicated RS or SR information section.
Thus, when the SR control channe! is configured with the time-frequency domain spreading code used in
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In the case that the SR channel configured as shown in FIG. 4 is allocated to a certain UE, the UE
transmits the SR information and the RS signal therefor through 2D spreading based on the allocated
codes if the transmission of the control signal such as the ACK/NACK is not simultaneously performed,
and the base station that receives them obtains the SR signal through the coherent/non—coherent
demodulation. Meanwhile, if the transmission of the ACK/NACK signal is required at the same time when
the SR signal is transmitted, the ACK/NACK signal in a section where the SR information is
transmitted is modulated and transmitted with respect to the SR channel configured as shown in FIG.
4, so that the receiver detects the SR signal through the non-coherent demodulation (e.g.,
demodulation of on-off keying) with respect to the dedicated SR spreading code, and performs the
coherent ACK/NACK demodulation through a channel estimation result based on the SR dedicated RS with
respect to the ACK/NACK signal.

(2) A method of allocating one or more orthogonal codes for the dedicated SR among the time—domain
spreading codes (time covering) allocated to the ACK/NCAK channel

FIG. 5 shows a coherent SR channel designing ptan by allocating the time—-domain spreading codes
different in length from each other according to the RS and SR information transmission symbols. As
shown therein, in the case that the SR control channel is configured with the time—frequency domain
spreading codes used in the ACK/NACK channel configuration, the UE multiplexing capability is varied
depending on the allocation of the time—domain spreading codes, and the SR channel can be generated
as many as the number of orthogonal codes supportable in the freguency-domain with regard to one

altocated time—domain spreading code.
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in the case where the SR channeils configured as shown in FiG. 5 are allocated to a certain UE, the
UE transmits the SR information and the RS signal therefor through the 20 spreading based on the
allocated codes if the transmission of the control signal such as ACK/NACK is not simultaneously
performed, and the base station that receives them obtains the SR signal through the coherent/non-
coherent demodulation. Meanwhile, if the transmission of the ACK/NACK signal is required at the same
time when the SR signal is transmitted, the ACK/NACK signal in a section where the SR information is
transmitted is modulated and transmitted with respect to the SR channel configured as shown in FIG.
5, so that the receiver detects the SR signal through the non-coherent demodulation (e.g.,
demodulation of on-off keying) with respect to the dedicated SR spreading code, and performs the
coherent ACK/NACK demodulation through a channel estimation result based on the SR dedicated RS with
respect to the ACK/NACK signal.

(3) A method of allocating one or more orthogonal codes for the dedicated SR among time—frequency
20 spreading codes allocated to the ACK/NCAK channe!

FI1G. 6 shows that the 20 spreading codes are reserved for configuring the SR channel by arbitrarily
allocating the spreading codes in the freguency domain in addition to allocating time—domain
spreading codes different in length from one another according to the RS and SR information
transmission symbols. As shown therein, if the SR control channel is configured by the time and
frequency domain spreading codes used in the ACK/NACK channel configuration, the allocated spreading
codes are one-to-one mapped to the coherent SR channel configuration, and thus the ACK/NACK UE
multiplexing capability is varied. In consideration of the LTE ACK/NACK channel structure, 6
orthogonal spreading codes can be generated by the circular shift with regard to one ZC root sequence
in the frequency domain, and if the orthogonal codes having a length of 4 are used to OFOM symbols
for carrying SR information and the orthogonal codes having a length of 3 are used to a section used
as RS, total eighteen 20 orthogonal spreading codes are generated (the spreading codes having a
length of 3 in the RS restricts cardinality of the orthogonal codes), and a certain 20 spreading code
among them may be used to configure one coherent SR channel.
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time when the SR signal is transmitted, the ACK/NACK signal in a section where the SR information is
transmitted is modulated and transmitted with respect to the SR channel configured as shown in FIG.
5, so that the receiver detects the SR signal through the non-coherent demodulation (e.g.,
demodulation of on-off keying) with respect to the dedicated SR spreading code, and performs the
coherent ACK/NACK demodulation through a channel estimation result based on the SR dedicated RS with
respect to the ACK/NACK signal.

Through the coherent SR channe! configuration mentioned above, the SR signal transmission method is
classified into three scenarios as shown in FIG. 7. First, if only the SR signal is transmitted
through the SR channel configured through the spreading code (refer to (3) of FIG. 7), the feature of
the coherent SR channel allows additional information related to the SR to be transmitted together.
Assume that the SR information is generally defined with 1bit. If 2-bit transmission is achieved by
QPSK modulation or the like through the coherent SR, and the SR (1bit) information is detected by a
coherent method as shown in the drawing, the information to be transmittable is 1bit since it is
additional information. On the other hand, if the SR information is detected by a non-coherent (on-
off keying) method, additional information can be all transmitted by QPSK modulation and thus
additional information transmission of the maximum 2bit is possible. If the transmission of the
ACK/NACK signal is required at the SR transmission like (2) of FIG. 7, both the SR and ACK/NACK can
be transmitted through the previously allocated SR channei. At this time, the SR information is
detected by the non-coherent method, and the ACK/NACK information is obtained by the same coherent
demodulation as the existing demodulation method of the ACK/NACK channel. In even this case, if a
transmission amount of ACK/NACK information is less like 1bit than that of the coherent SR, the SR
information can be also modulated/demoduiated by the coherent method. Lastly, if only the ACK/NACK is
transmitted like (1) of FIG. 7, the ACK/NACK information undergoes the coherent
modulation/demodutation through the previously allocated ACK/NACK channels.

13

56




o7



UT07-0084-USPO

transmitted with the spreading codes in the reserved frequency domain. Referring to the ACK/NACK
structure of the LTE, total four SR channels can be generated with one circular shift when an
orthogonal spreading code having a length of 4 is generated in the time-domain with regard to one ZC
circular shift. At this time, the reduced number of ACK/NACK channels is varied depending on the
number of RS orthogonal spreading codes and the number of 20 orthogonal spreading codes remained in
the data region since the coherent demodulation is supposed. Also basically, even though the
frequency or time domain spreading code is not reserved for generating the SR channel, the data
region and the RS region are different in the number of 20 orthogonal spreading codes, and thus the
data region uses six 20 spreading codes in the ACK/NACK structure of FIG. 3, thereby generating six
non—-coherent SR channels. <Table 4> shows the number of SR and ACK/NACK channels increased and
decreased depending on the number of circular shifts allocated for configuring the dedicated SR

channel .

Time-Domain Spreading
Sequence for SR Information

- Non-coherent SR
without Dedicated RS

Reserved Freq.-Domain Spreading Sequence(s)
(e.g., CAZAC code)
I

FIG. 8. Example of configuring the non-coherent SR channel by allocating the frequency—-domain

spreading codes

<Table 4> Change in the number of dedicated SR and ACK/NACK channels according to the allocation of

frequency—-domain spreading codes

The Number of Reserved Freq.- | The Number of Non-coherent SR The Number of
Domain Spreading Codes Channels without Dedicated RS ACK/NACK Channels
0 6 18
1 6 18
15
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2 8 16
3 12 12
6 24 0

In the case where the SR channels configured as shown in FIG. 8 are allocated to a certain UE, the
UE transmits the SR information and the RS signal theréfor through the 2D spreading based on the
allocated codes if the transmission of the control signal such as ACK/NACK is not simultaneously
per formed, and the base station that receives them obtains the SR signal through the coherent/non—
coherent demodulation. Meanwhile, if the transmission of the ACK/NACK signal is required at the same
time when the SR signal is transmitted, the ACK/NACK signal in a section where the SR information is
transmitted is modulated and transmitted with respect to the SR channel configured as shown in FIG.
8, so that the receiver detects the SR signal through the non-coherent demodulation (e.g.,
demodulation of on-off keying) with respect to the dedicated SR spreading code, and performs the
coherent ACK/NACK demodulation through a channel estimation result based on the ACK/NACK dedicated RS
with respect to the ACK/NACK signal. In other words, the non-coherent SR demodulation and the
coherent ACK/NACK modulation are possible.

(2) A method of allocating one or more orthogonal codes for the dedicated SR among the time—domain

spreading codes (time covering) allocated to the ACK/NCAK channel

FIG. 9 shows an example of configuring the SR channel by allocating the time-domain spreading code
for configuring the SR channel without using the dedicated RS on the basis of the non-coherent SR
demoduiation. Referring to the ACK/NACK structure of the LTE, if the orthogona! spreading codes
having a length of 4 is allocated for generating the SR channels in the time domain, six SR channels
can be generated since total six orthogonal spreading codes can be generated with regard to one ZC
root seguence. At this time, the reduced number of ACK/NACK channels does not causes loss of the
ACK/NACK channels due to the allocation of one time-domain spreading code since the cardinality of
the time-domain spreading codes in the data symbols is more by one than the number of spreading codes
in the RS symbols. However, if two or more time-domain spreading codes are allocated, six ACK/NACK
channels are reduced per allocated spreading code. <Table 5> shows the number of SR and ACK/NACK
channels increased and decreased according to the number of time-domain spreading codes having a
length of 4 allocated for configuring the dedicated SR channel.
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spreading codes

<Table 5> Change in the number of dedicated SR and ACK/NACK channels according to the allocation of

the time—freguency domain spreading codes

The Number of Reserved Freq.- | The Number of Non-coherent SR The Number of
Domain Spreading Codes Channels without Dedicated RS ACK/NACK Channels
0~6 6 18
7 7 17
8 8 16
24 24 0

In the case where the SR channels configured as shown in FIG. 10 are allocated to a certain UE, the
UE transmits the SR information and the RS signal therefor through the 2D spreading based on the
allocated codes if the transmission of the control signal such as ACK/NACK is not simultaneously
per formed, and the base station that receives them obtains the SR signal through the non-coherent
demodulation. Meanwhile, if the transmission of the ACK/NACK signal is required at the same time when
the SR signal is transmitted, the ACK/NACK signal in a section where the SR information is
transmitted is modulated and transmitted with respect to the SR channel configured as shown in FIG. 8
and the RS region defined in the ACK/NACK is simultaneously transmitted, so that the receiver detects
the SR signal through the non-coherent demodulation (e.g., demodulation of on-off keying) with
respect to the dedicated SR spreading code, and performs the coherent ACK/NACK demodulation through a
channel estimation result based on the ACK/NACK dedicated RS with respect to the ACK/NACK signal. In
other words, the non-coherent SR demodulation and the coherent ACK/NACK demodulation are possible.

Through the non-coherent SR channel configuration mentioned above, the SR signal transmission
method is classified into three scenarios as shown in FIG. 11. First, only the SR signal is
transmitted through the SR channel configured through the spreading code (refer to (3) of FIG. 11).
At this time, it may be possible to configure the dedicated channel for the SR transmission by
allocating 1D or 2D spreading codes to even a portion corresponding to the RS region of the ACK/NACK.
In the case of transmitting the SR signal through the non-coherent SR channel, it is difficult to
transmit additional SR information due to the non-coherent feature. Under the condition that the SR
information is generally defined with 1bit and additional information transmission is not required,
the proposed non-coherent method is advantageous in light of increasing the multiplexing capability
in order to aliow coexistence with the ACK/NACK or the like control channels. |f the transmission of
the ACK/NACK signal is required at the SR transmission like (2) of FIG. 7, the ACK/NACK signal can be
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transmitted through the previously allocated SR channel, in which the RS allocated to the existing
ACK/NACK is used as the RS required here. At this time, the SR information is detected by the non-
coherent method, and the ACK/NACK information is obtained by the same coherent demodulation as the
existing demodulation method for the ACK/NACK channel. In even this case, if a transmission amount of
ACK/NACK information is less like 1bit than that of the coherent SR, the SR information can be also
moduiated/demodulated by the coherent method. Lastly, if only the ACK/NACK is transmitted like (3) of
FIG. 11, the ACK/NACK information undergoes the coherent modulation/demodulation through the
previously allocated ACK/NACK channels.

SR Signal —b@-——a-rb '——— Non-coherent SR

3

Dedicated SR Channel without RS

2
_»lemav Non-coherent SR

+ Coherent ACK/NACK Detection

i o SngE

Dedicated SR Channel
with ACK/NACK-RS

(1) ACK/NACK only
(2) SR with ACK/NACK information
(3) SR only without SR-related information

ACK/NACK Signal

SR Triggering

@ | T Coherent ACK/NACK Detection

ACK/NACK Channel with RS

FIG. 11. Method of transmitting and receiving the SR signal through the non-coherent SR channel without
the dedicated RS

As described above, the method of transmitting A/N on the SR channel at the same time using the
spreading codes allocated as the SR may be variously applicable to the SR transmission method without
the dedicated RS. FIG. 11-1 shows another example of the SR structure in which the spreading codes
are not allocated for the RS. As shown therein, the spreading code having a length of 7 is divided
into two spreading codes respectively having a length of 3 and a length of 4within one slot at the SR
transmission. At this time, the length of 3 corresponds to the RS of the existing A/N channel, and
the length of 4 corresponds to a region for carrying the existing A/N signal. If the spreading code
having a length of 7 is arbitrarily set at the SR transmission, it is difficult to coexist with the
existing A/N channel within one time-freguency resource, and therefore a spreading code of a certain
freguency domain has to be allocated for the dedicated SR. Accordingly, the code having the length of
7 is divided as shown in the drawing, and allocated for the SR channel. In this case, the SR signal
transmission can be modulated by on-off keying, and the detection method supports both the coherent
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FIG. 11-2 Method of transmitting and receiving A/N in the SR structure using the spreading code
having a length of 7 divided into lengths of 3 and 4

D. SR Transmission Method in a Slot-based Hopping ACK/NACK Channel Structure

In the coherent or non-coherent SR transmission structure described in the foregoing clause, the
same one channel configuration as that for transmitting only the SR is proposed by considering and
reflecting the coexistence with the ACK/NACK channel. On the other had, if the coexistence between
the dedicated SR channel structure and the coherent ACK/NACK structure is not considered and
transmission is performed on the dedicated time-/frequency-resource, the capability of the SR channel
is important together with efficiency increase in one resource. In other words, The maximum 42 SR
channels (non-coherent method, and no addition information transmission) can be generated through 2D
spreading in 1RB, 1 subframe. Therefore, if the SR channel does not coexist with the existing
ACK/NACK channel, it is required a method capable of transmitting additional 1bit information to the
existing ACK/NACK channel so as to transmit the SR information through the ACK/NACK channel.
Accordingly, the present invention proposes a plan for transmitting the additional 1bit information
while maintaining the ACK/NACK structure of the existing slot unit. As shown in FIG. 2, the control
channel configuration of the LTE performs transmission through a control resource region defined in
opposite terminals when there is no data transmission and at this time provides a frequency diversity
gain through hopping of a slot unit. The present invention proposes a method of altering the phase or
code of the ACK/NACK information carried on two slots to transmit the additional SR information of
1bit since the same ACK/NACK information with regard to each slot is transmitted in the case of the
ACK/NACK channe!. If the SR transmission is required as shown in FIG. 12 and the amount of ACk/NACK
to be transmitted is 1bit, the additional SR information of 1bit can be transmitted through QPSK
ACK/NACK modulation. However, in the case of 2bit ACK/NACK transmission, if the SR transmission is
required, the ACK/NACK information of every slot is multiplied with a previous!ly determined phase
variation or an orthogonal code, or transmitted in a differential modulation/encoding fashion, so
that the receiver can restore the SR signal after the ACK/NACK demodulation of the slot unit. Of
course, the non-coherent SR detection method can be first applied in this case. With this structure,
the SR demodulating/modulating transmission is shown in FIG. 13.
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ACK/NACK
Siot-Based Phase
Rotation/Orthegonal spreading
code with length 2/Differential
modulation for SR Information
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FIG. 12. Method of transmitting the SR signal without affecting the existing ACK/NACK slot structure
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FIG. 13. Method of transmitting and receiving the SR in the control channel of the slot based hopping

fashion

(2) Description of operation in the invention (device)

4) Effect of the invention (device)

5) Another exemplary embodiment of the invention (device) — Embodiments explain operations,

manufacturing methods or the like of a product itself in more detail while sorting something being applied

to the product or having high possibility, or quote the drawings or disclose the whole configuration of the
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product.

3. Claims of Patent (Utility Model registration) — Features are disclosed to hold exclusive rights. The
minimum necessary elements (super ordinate concept) for obtaining effective functions of the invention
(device) are described. Every claim has (o be lerminated with the same as the title of the invention

(device).

4. Explanation of major parts in drawings (need to be mentioned)

5. Drawings — Please briefly write descriptions of the drawings below the drawings.

(ex: <FIG. 1> Structure of related art <FIG. 2> Structure of the present device -+ - , and so on
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