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Description
Title of Invention: METHOD AND APPARATUS FOR

TRANSMITTING UPLINK DATA IN WIRELESS COMMU-

NICATION SYSTEM
Technical Field

The present invention relates to wireless communication and, more particularly, to a

method and apparatus for transmitting uplink data in a wireless communication system.

Background Art

In order to satisfy continually increasing wireless data traffic demands in a wireless
communication system, solutions for supporting a higher data transmission rate have
been studied. One of the solutions is to use a beamforming-based base station which
utilizes a wide frequency band in a millimeter wave (mmWave) band, thereby sig-
nificantly enhancing the capacity of a cellular system.

Meanwhile, in order to transmit a multitude of informations to a single user or a
multi-user, a MIMO (Multiple Input Multiple Output) system, which is considered in
the existing standards such as LTE (Long Term Evolution)-Advanced, has a plurality
of digital paths or RF (Radio Frequency) chains. When MIMO communication is
performed using such digital paths, the performance gains such as a diversity gain and
a multiplexing gain may be obtained. However, when the number of digital paths is
increased to obtain a greater gain, problems such as synchronization between digital
paths, costs, and operation complexity may be generated.

In a millimeter wave band system, the disadvantage of path attenuation may be offset
through the beamforming gain by using a large number of physical antennas. However,
the digital beamforming scheme in the existing MIMO system needs one RF chain for
one physical antenna, and thus a large number of RF chains are needed. This causes
problems such as costs and operation complexity. Hence, in order to perform efficient
communication in the millimeter wave band, a hybrid beamforming system, which si-
multaneously uses a digital beamforming and an analog beamforming, may be
considered. The analog beamforming may connect a plurality of physical antennas in
one RF chain as an array and may form a narrow beam using a phase shifter.
Compared to the digital beamforming, the analog beamforming is poor in aspect of the
sharpness of the beam and flexibility of direction adjustment, but the analog
beamforming does not increase the number of digital paths, thereby having low imple-
mentation costs and low complexity. In order to efficiently obtain a high commu-
nication capacity in a millimeter wave band, a hybrid beamforming system, in which

advantages and disadvantages of the digital beamforming and the analog beamforming
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are appropriately combined, may be considered.

Disclosure of Invention

Technical Problem

The present invention provides a method and apparatus for transmitting uplink data
in a wireless communication system.
Solution to Problem

In an aspect, a method of transmitting, by a first user equipment (UE), uplink data in
a wireless communication is provided.

First, with respect to terms, the optimal beam of a UE may correspond to a sub-array
beam or analog beam which is appropriate for the UE.

First, a first UE transmits a random access preamble to the base station through the
optimal beam of the first UE.

The first UE receives a first random access response and a second random access
response. The first random access response is received together with the downlink data
of the second UE through the optimal beam of the second UE at the first point of time.
The second random access response is received together with the downlink data of the
third UE through the optimal beam of the third UE at the second point of time.

The first UE decodes a message which is generated by combining the first random
access response with the second random access response.

The first point of time and the second point of time may be the same point of time or
different points of time. If the first point of time and the second point of time are the
same, the first random access response and the second random access response may
correspond to different sub-arrays. When the first point of time and the second point of
time are different from each other, the first point of time and the second point of time
may correspond to each subframe. Namely, the first UE may receive the random
access response twice at different points of time and combine the received random
access responses so as to be decoded. There are not many contents in the random
access response, and thus if the random access response is transmitted to the entire
band for the corresponding beam, resources may be wasted. Hence, the first UE does
not receive the random access response as the optimal beam of the first UE. Rather, the
first UE may receive the random access response together with the downlink data of
another UE (yet, it is assumed that they are beams adjacent to each other) by dividing
the frequency band. The first UE receives the random access response several times in
order to reinforce the signal-weakened random access response because the random
access response is not received as the optimal beam of the first UE. Namely, the first
UE receives the random access response until the receiving SNR becomes sufficient.

Namely, the first random access response and the downlink data of the second UE
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are received at different frequency bands at the first point of time. Further, the second
random access response and the downlink data of the third UE are received at different
frequency bands at the second point of time.

Further, the optimal beam of the first UE, the optimal beam of the second UE, and
the optimal beam of the third UE are adjacent to each other.

Further, the first random access response and the second random access response are
combined during the predetermined time after the third point of time when the random
access preamble is transmitted. Namely, if the random access response was received
during the predetermined time, the first UE may know that the random access response
received during the predetermined time is the random access response for the random
access preamble transmitted by the first UE.

Further, the first random access response and the second random access response
include the same information. Since the first random access response and the second
random access response have the same information, the first UE may combine those
random access responses so as to be decoded.

Further, the first point of time and the second point of time are included in the prede-
termined time. Namely, the first UE may receive the first random access response and
the second random access response during the predetermined time and combine the
two random access responses so as to be decoded.

Further, the first random access response and the second random access response
may be combined, and thus the first random access response and the second random
access response may be masked with the same temporary identifier.

The temporary identifier is determined based on the index of the preamble group
including the random access preamble, the index of the subframe in which the random
access preamble is transmitted, and the index of the subcarrier in which the random
access preamble is transmitted. The first UE knows the random access preamble
transmitted by the first UE and time and frequency resources at which the random
access preamble has been transmitted, and thus the UE may predict the temporary
identifier of the random access response to be received by the UE.

The preamble group corresponds to the optimal beam of the first UE. Respective sub-
array beams may be mapped with different preamble groups, or a multitude of sub-
array beams may be mapped with one preamble group. As such, the base station may
recognize the sub-array beam (optimal beam) desired by the UE depending on the
preamble group to which the received preamble belongs.

There are two major types of schemes for combining the first random access
response with the second random access response. One of them is a chase-combining
scheme and the other is an incremental redundancy (IR) combining scheme.

The chase combining is applicable when the first random access response and the
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second random access response are transmitted using the same encoding rate. LLR
(log-likelihood ratio) obtained after decoding the first random access response (symbol
de-mapping) and LLR obtained after decoding the second random access response are
added in the receiving end, and the result value is used as the input value in the
decoder. For example, when the first random access response is "information bit +
parity bit 1" and the second random access response is "information bit + parity bit 1",
the input value may become "combined information bit + combined parity bit 1". Here,
the information bit may correspond to systematic data.

The IR combining is possible when the first random access response and the second
random access response have different encoding rates, or even if the encoding rates are
the same, when the different parity bits are transmitted. In the receiving end, the in-
formation bit of the first random access response and the information bit of the second
random access response are combined in the same manner as the chase combining.
However, the parity bit is concatenated and inputted to the decoder. For example, when
the first random access response is "information bit + parity bit 1" and the second
random access response is "information bit + parity bit 2", the input value being
inputted into the decoder may become "combined information bit + parity bit 1 +
parity bit 2".

The first UE transmits the uplink data to the base station based on scheduling in-
formation included in the message. The uplink data may include the control signal of
L2/L3 layer, RRC control signal, and the like as well as the data of a general ap-
plication layer. For example, the header of L2/L3 layer, buffer state information, and
UE identifier information for collision resolution of the random access procedure may
be included in the uplink data.

The scheduling information includes information for the fourth point of time at
which the uplink data is transmitted. The information on the fourth point of time is de-
termined based on the third point of time when the random access preamble is
transmitted. The point of time may correspond to a subframe. Namely, the message
combined with the random access responses includes information indicating the
subframe index of the subframe in which uplink data is transmitted. Further, the first
random access response and the second random access response should include the
same information, and thus the scheduling information is determined on the basis of
the point of time when the random access preamble is transmitted.

Further, if the message is transmitted through the control channel, the information on
the fourth point of time is set as the UE-common information. In the case of the UE-
common information, all the points of time when the first UE, the second UE, and the
third UE transmit uplink data may be the same. Namely, since the information on the

fourth point of time when the uplink data is transmitted is the same, the signaling
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overhead of the random access response may be reduced.

If the message is transmitted through the data channel, the information on the fourth
point of time is set as the UE-specific information. In the case of the UE-specific in-
formation, the points of time when the first UE, the second UE, and the third UE
transmit uplink data may be different. Namely, the information on the fourth point of
time when the uplink data is transmitted is different, thereby enhancing the scheduling
degree of freedom of the base station.

The first UE may receive, from the base station, a beam reference signal (BRS)
which is multiplexed in a frequency division multiplex (FDM) scheme for each symbol
and is transmitted during at least one subframe. The optimal beam of the first user
equipment is determined based on the BRS.

The first UE may receive, from the base station, a primary synchronization single
(PSS) or secondary synchronization signal (SSS) that is multiplexed in the FDM
scheme together with the BRS for each symbol and is transmitted during the at least
one subframe. The first UE may perform a time synchronization by using the PSS or
the SSS.

In another aspect, a first user equipment (UE) for transmitting uplink data in a
wireless communication system is provided. First, with respect to terms, the optimal
beam of a UE may correspond to a sub-array beam or analog beam which is ap-
propriate for the UE. The first user equipment includes a radio frequency (RF) unit
transmitting and receiving a wireless signal, and a processor which is operatively
connected to the RF unit.

First, the processor transmits a random access preamble to the base station through
the optimal beam of the first UE.

The processor receives a first random access response and a second random access
response. The first random access response is received together with the downlink data
of the second UE through the optimal beam of the second UE at the first point of time.
The second random access response is received together with the downlink data of the
third UE through the optimal beam of the third UE at the second point of time.

The processor decodes a message which is generated by combining the first random
access response with the second random access response.

The first point of time and the second point of time may be the same point of time or
different points of time. If the first point of time and the second point of time are the
same, the first random access response and the second random access response may
correspond to different sub-arrays. When the first point of time and the second point of
time are different from each other, the first point of time and the second point of time
may correspond to each subframe. Namely, the first UE may receive the random

access response twice at different points of time and combine the received random
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access responses so as to be decoded. There are not many contents in the random
access response, and thus if the random access response is transmitted to the entire
band for the corresponding beam, resources may be wasted. Hence, the first UE does
not receive the random access response as the optimal beam of the first UE. Rather, the
first UE may receive the random access response together with the downlink data of
another UE (yet, it is assumed that they are beams adjacent to each other) by dividing
the frequency band. The first UE receives the random access response several times in
order to reinforce the signal-weakened random access response because the random
access response is not received as the optimal beam of the first UE. Namely, the first
UE receives the random access response until the receiving SNR becomes sufficient.

Namely, the first random access response and the downlink data of the second UE
are received at different frequency bands at the first point of time. Further, the second
random access response and the downlink data of the third UE are received at different
frequency bands at the second point of time.

Further, the optimal beam of the first UE, the optimal beam of the second UE, and
the optimal beam of the third UE are adjacent to each other.

Further, the first random access response and the second random access response are
combined during the predetermined time after the third point of time when the random
access preamble is transmitted. Namely, if the random access response was received
during the predetermined time, the first UE may know that the random access response
received during the predetermined time is the random access response for the random
access preamble transmitted by the first UE.

Further, the first random access response and the second random access response
include the same information. Since the first random access response and the second
random access response have the same information, the first UE may combine those
random access responses so as to be decoded.

Further, the first point of time and the second point of time are included in the prede-
termined time. Namely, the first UE may receive the first random access response and
the second random access response during the predetermined time and combine the
two random access responses so as to be decoded.

Further, the first random access response and the second random access response
may be combined, and thus the first random access response and the second random
access response may be masked with the same temporary identifier.

The temporary identifier is determined based on the index of the preamble group
including the random access preamble, the index of the subframe in which the random
access preamble is transmitted, and the index of the subcarrier in which the random
access preamble is transmitted. The first UE knows the random access preamble

transmitted by the first UE and time and frequency resources at which the random
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access preamble has been transmitted, and thus the UE may predict the temporary
identifier of the random access response to be received by the UE.

The preamble group corresponds to the optimal beam of the first UE. Respective sub-
array beams may be mapped with different preamble groups, or a multitude of sub-
array beams may be mapped with one preamble group. As such, the base station may
recognize the sub-array beam (optimal beam) desired by the UE depending on the
preamble group to which the received preamble belongs.

There are two major types of schemes for combining the first random access
response with the second random access response. One of them is a chase-combining
scheme and the other is an incremental redundancy (IR) combining scheme.

The chase combining is applicable when the first random access response and the
second random access response are transmitted using the same encoding rate. LLR
(log-likelihood ratio) obtained after decoding the first random access response (symbol
de-mapping) and LLR obtained after decoding the second random access response are
added in the receiving end, and the result value is used as the input value in the
decoder. For example, when the first random access response is "information bit +
parity bit 1" and the second random access response is "information bit + parity bit 1",
the input value may become "combined information bit + combined parity bit 1". Here,
the information bit may correspond to systematic data.

The IR combining is possible when the first random access response and the second
random access response have different encoding rates, or even if the encoding rates are
the same, when the different parity bits are transmitted. In the receiving end, the in-
formation bit of the first random access response and the information bit of the second
random access response are combined in the same manner as the chase combining.
However, the parity bit is concatenated and inputted to the decoder. For example, when
the first random access response is "information bit + parity bit 1" and the second
random access response is "information bit + parity bit 2", the input value being
inputted into the decoder may become "combined information bit + parity bit 1 +
parity bit 2".

The processor transmits the uplink data to the base station based on scheduling in-
formation included in the message. The uplink data may include the control signal of
L2/L3 layer, RRC control signal, and the like as well as the data of a general ap-
plication layer. For example, the header of L2/L3 layer, buffer state information, and
UE identifier information for collision resolution of the random access procedure may
be included in the uplink data.

The scheduling information includes information for the fourth point of time at
which the uplink data is transmitted. The information on the fourth point of time is de-

termined based on the third point of time when the random access preamble is
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transmitted. The point of time may correspond to a subframe. Namely, the message
combined with the random access responses includes information indicating the
subframe index of the subframe in which uplink data is transmitted. Further, the first
random access response and the second random access response should include the
same information, and thus the scheduling information is determined on the basis of

the point of time when the random access preamble is transmitted.
Further, if the message is transmitted through the control channel, the information on

the fourth point of time is set as the UE-common information. In the case of the UE-
common information, all the points of time when the first UE, the second UE, and the
third UE transmit uplink data may be the same. Namely, since the information on the
fourth point of time when the uplink data is transmitted is the same, the signaling
overhead of the random access response may be reduced.

If the message is transmitted through the data channel, the information on the fourth
point of time is set as the UE-specific information. In the case of the UE-specific in-
formation, the points of time when the first UE, the second UE, and the third UE
transmit uplink data may be different. Namely, the information on the fourth point of
time when the uplink data is transmitted is different, thereby enhancing the scheduling
degree of freedom of the base station.

The processor may receive, from the base station, a beam reference signal (BRS)
which is multiplexed in a frequency division multiplex (FDM) scheme for each symbol
and is transmitted during at least one subframe. The optimal beam of the first user
equipment is determined based on the BRS.

The processor may receive, from the base station, a primary synchronization single
(PSS) or secondary synchronization signal (SSS) that is multiplexed in the FDM
scheme together with the BRS for each symbol and is transmitted during the at least
one subframe. The processor may perform a time synchronization by using the PSS or
the SSS.

Advantageous Effects of Invention

If the proposed scheme is used, in a communication system having an analog
beamforming applied thereto, operation is possible even when an UE transmits a
random access preamble (message 1) N times or the UE receives a random access
response (message 2) M times. Further, a random access procedure may be performed
faster than the existing repetitive transmission scheme by transmitting a random access
preamble N times in a random access subframe. Further, resources can be efficiently
used by transmitting a random access response together at the time of transmitting
downlink data of another UE.

Brief Description of Drawings
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[52] FIG. 1 illustrates the structure of a wireless frame in a 3GPP LTE.

[53] FIG. 2 illustrates a resource grid for one uplink slot in a 3GPP LTE.

[54] FIG. 3 illustrates an example of the structure of a downlink subframe in a 3GPP
LTE.

[55] FIG. 4 illustrates an example of an antenna array-based antenna structure and a single
beam.

[56] FIG. 5 illustrates an example of an antenna array-based antenna structure and a
multi-beam.

[57] FIG. 6 illustrates the configuration of a hybrid beamforming-based system to which
an embodiment of the present specification is applicable.

[58] FIG. 7 illustrates a wide width beam by using a multitude of narrow width beams.

[59] FIG. 8 illustrates an example of the structure of a synchronization subframe including
a synchronization signal and BRS according to an embodiment of the present speci-
fication.

[60] FIG. 9 illustrates an example of a random access subframe composed of a plurality of
random access channels according to an embodiment of the present invention.

[61] FIG. 10 illustrates an example of a random access procedure by using a beam
scanning according to an embodiment of the present invention.

[62] FIG. 11 is a flowchart showing the procedure of transmitting uplink data using a
beam scanning according to an embodiment of the present specification.

[63] FIG. 12 is a block diagram showing a device in which an embodiment of the present
specification is implemented.
Mode for the Invention

[64] The technology below may be used for various wireless communication systems

such as CDMA (code division multiple access), FDMA (frequency division multiple
access), TDMA (time division multiple access), OFDMA (orthogonal frequency
division multiple access), and SC-FDMA (single carrier-frequency division multiple
access). The CDMA may be implemented with a radio technology such as a UTRA
(Universal Terrestrial Radio Access) or CDMA 2000. The TDMA may be im-
plemented with radio technologies such as GSM (Global System for Mobile commu-
nications)/GPRS (General Packet Radio Service)/EDGE (Enhanced Data Rates for
GSM Evolution). The OFDMA may be implemented with radio technologies such as
IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802-20, and E-UTRA (Evolved
UTRA). The UTRA is a part of UMTS (Universal Mobile Telecommunications
System). 3GPP (37 Generation Partnership Project) LTE (long term evolution) is a part
of E-UMTS (Evolved UMTS) which uses E-UTRA and employs OFDMA in the
downlink and employs SC-FDMA in the uplink. The description centers on 3GPP
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LTE/LTE-A for clarity, but the technical idea of the present invention is not limited
thereto.

FIG. 1 illustrates the structure of a wireless frame in a 3GPP LTE.

Referring to FIG. 1, a radio frame is composed of 10 subframes, and one subframe is
composed of 2 slots. Slot numbers O to 19 are given to slots within a radio frame. Time
that takes in transmitting one subframe is called TTI (transmission time interval). The
TTI may be understood as a scheduling unit for data transmission. For example, the
length of one wireless frame may be 10m, the length of one subframe may be 1ms, and
the length of one slot may be 0.5ms.

The structure of a wireless frame is merely an example, and the number of subframes
included in the wireless frame and the number of slots included in a subframe may be
variously changed.

FIG. 2 illustrates a resource grid for one uplink slot in a 3GPP LTE.

Referring to FIG. 2, an uplink slot includes a plurality of SC-FDMA symbols in the
time domain and includes N, resource blocks (RBs) in the frequency domain. The SC-
FDMA symbol is used to express one symbol period and may be understood as an
OFDMA symbol or a symbol section. The resource block includes a plurality of sub-
carriers in resource allocation units in the frequency domain. The number N,; of
resource blocks included in the uplink slot is dependent on the uplink transmission
bandwidth which is set in the cell. The uplink transmission bandwidth is system in-
formation. The UE may know N, by obtaining the system information.

Each element on the resource grid is called a resource element. The resource element
on the resource grid may be identified by index pairs (k, £) within the slot. Here, k
(k=0, ..., N x 12-1) is a subcarrier index within the frequency domain and £ (£ =0, ...
, 6) is SC-FDMA symbol index within the time domain.

Here, one resource block illustrates an example of including 7 SC-FDMA symbols in
the time domain and 7 x 12 resource elements composed of 12 subcarriers in the
frequency domain, but the number of subcarriers and the number of SC-FDMA
symbols within the resource block are not limited thereto. The number of SC-FDMA
symbols or the number of subcarriers, which are included in the resource block, may
be changed in various manners. The number of SD-FDMA symbols may be changed
depending on the length of CP (cyclic prefix). For example, in the case of the normal
CP, the number of SC-FDMA symbols is 7, and in the case of the extended CP, the
number of SC-FDMA symbols is 6.

In 3GPP LTE of FIG. 2, the resource grid for one uplink slot may also be applied to
the resource grid for the downlink slot. Yet, the downlink slot includes a plurality of
OFDM (orthogonal frequency division multiplexing) symbols in the time domain.

FIG. 3 illustrates an example of the structure of a downlink subframe in a 3GPP
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Referring to FIG. 3, a downlink subframe includes 2 consecutive slots. The
maximum 3 OFDM symbols prior to the first slot within the downlink subframe
become the control region having PDCCH (physical downlink control channel)
allocated thereto, and the rest of the OFDM symbols becomes the data region having
PDSCH (physical downlink shared channel) allocated thereto. Control channels such
as PCFICH (physical control format indicator channel) and PHICH (physical hybrid-
ARQ indicator channel) as well as PDCCH may be allocated to the control region.
Here, the point that the control region includes 3 OFDM symbols is merely an
example. The number of OFDM symbols, which the control region within the
subframe includes, may be known through the PCFICH. The PHICH carries in-
formation of HARQ (hybrid automatic repeat request)
ACK(acknowledgement)/NACK(not-acknowledgement) in response to the uplink data
transmission.

The PDCCH may carry a downlink grant which indicates the resource allocation of
the downlink transmission on the PDSCH. The UE may read downlink user data which
is transmitted through the PDSCH by decoding control information which is
transmitted through the PDCCH. Further, the PDCCH may carry control information
that is used for PUSCH (physical uplink shared channel) scheduling to the UE. The
control information used for PUSCH scheduling is an uplink grant indicating the
resource allocation of the uplink transmission.

The control region is composed of a set of a plurality of CCEs (control channel
elements). The PDCCH is transmitted to an aggregation of one or a few consecutive
CCEs. The CCE corresponds to a plurality of resource element groups. The resource
element group is used to define a control channel mapping as a resource element. In
the downlink subframe, if the total number of CCEs is Ncce, CCE indexes of O to
Ncce k-1 are given in the CCE. Since the number of OFDM symbols, which the
control region within the subframe includes, may be changed per subframe, the total
number of CCEs within the subframe may also be changed per subframe.

Hereinafter, a beamforming technology will be described.

A beamforming may be divided into a transmitting beamforming performed in a
transmitting end and a receiving beamforming performed in a receiving end. The
transmitting beamforming generally concentrates the reaching area of the electric wave
in a specific direction using a multitude of antennas, thereby increasing directivity. At
this time, the form in which a multitude of antennas are aggregated is called an antenna
array, and each antenna included in the antenna array may be called an array element.
The antenna array may be configured with various forms such as a linear array and a

planar array. Further, if the transmitting beamforming is used, the signal directivity is



12

WO 2017/183848 PCT/KR2017/003948

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

enhanced, through which the transmitted distance of the signal also increases. Fur-
thermore, the signal is rarely transmitted in a direction other than the intended
direction, and thus the signal interference on another receiving end is significantly
reduced in the receiving end.

The receiving end may perform the beamforming for a receiving signal using a
receiving antenna array. The receiving beamforming concentrates the reception of an
electric wave in a specific direction so as to increase the sensitivity of the signal
received in the specific direction, and excludes a signal incoming from a direction
other than the specific direction from the received signals, thereby providing a gain of
blocking an interference signal.

FIG. 4 illustrates an example of an antenna array-based antenna structure and a single
beam.

Referring to FIG. 4, one RF (Radio Frequency) beam (single beam) is defined using
one antenna array including two sub-arrays. At this time, one sub-array is composed of
8(H)*8(V)*2(P) antennas (P denotes Xpol) and includes 2 RF chains. Further, the
width of one RF beam is 15'(H) * 15'(V).

FIG. 5 illustrates an example of an antenna array-based antenna structure and a
multi-beam.

Referring to FIG. 5, a RF beam (multi beam) having different directions per RF chain
is defined. In this case, 4 beams according to each RF chain may cover different
regions.

When a beam scanning is performed using the single beam or the multi beam, there

are advantages and disadvantages as Table 1.

[Table 1]

Single beam Multi beam
Advantage Higher beam gain Faster beam scanning
Disadvantage Slower beam scanning Lower beam gain

FIG. 6 illustrates the configuration of a hybrid beamforming-based system to which
an embodiment of the present specification is applicable.

Referring to FIG. 6, a hybrid beamforming-based system 600 may include a
transmitter 610 and a receiver 620. The transmitter 610 is equipped with a prede-
termined number of antenna arrays 616 in order to form each MIMO channel. It is
assumed that the total number of the antenna arrays 616-1, 616-2, ..., 616-n is n for the
convenience of description. Each of the antenna arrays 616-1, 616-2, ..., 616-n is
composed of a predetermined number of antenna elements. Here, the case that the

numbers of antenna elements forming respective antenna arrays are the same is il-
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lustrated, but each antenna array may be configured with a different number of antenna
elements. The receiver 620 may also be equipped with antenna arrays 622-1, 622-2, ...
, 622-m which are configured in the same manner as the antenna arrays of the
transmitter 610. Here, it is assumed that the total number of the antenna arrays 622 of
the receiver 620 is m. the m and n are natural numbers equal to or greater than 1, re-
spectively, and may be set to the same number or different numbers depending on the
embodiment.

It is illustrated that the transmitter 610 is equipped with an MIMO encoder 612 and a
precoder 614 for encoding and precoding a signal to be transmitted, and the receiver
620 is equipped with a base band combiner 624 and a MIMO decoder 626 for
combining and decoding a signal received through the antenna array 622. The
transmitter 610 and the receiver 620 are illustrated in a schematic form for the con-
venience of description, and thus it is possible to have more detailed configurations.

In the aforementioned hybrid beamforming-based communication system, when the
transmitter transmits a multitude of signals to a multi-user or a single user (hereinafter,
"multiplex transmission"), channel-related information, which is fed back through the
receiver, may be utilized for various purposes. For example, as a precoding scheme
based on the aforementioned channel-related information is applied at the time of the
multiplexing transmission, the interference between signals of the single user or the in-
terference between a multiple of users may be reduced. Accordingly, the transmitter
can increase the transmission capacity of the system.

In the hybrid beamforming-based communication system, a case that the frequency
division duplexing (FDD) is used is assumed. In this case, if the receiver receives a
reference signal from the transmitter, channel information between the transmitter and
the receiver may be estimated using the received reference signal. Further, the
estimated channel information is fed back to the transmitter. For example, in the case
of the LTE-Advanced system, the feedback of the estimated channel information is
called a PMI (Precoding Matrix Indicator) feedback. Further, the PMI, which is fed
back from the receiver, is used when the transmitter forms a precoding matrix on the
receiver. Specifically, the transmitter and the receiver store the precoding matrix in
advance, and the PMI indicates one of the precoding matrixes.

Further, the receiver may be set to further transmit a CQI (Channel Quality
Indicator), etc. so that the transmitter may be used for the scheduling, MCS
(Modulation and Coding Scheme) selection and the like based thereon.

When the hybrid beamforming-based system 600 operates in a millimeter wave band,
the antenna form factor becomes very small due to the high frequency band. Hence, the
configuration of the beamforming system using a plurality of array antennas becomes

very easy. The beamforming in such a millimeter wave band may change the beam
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direction in a desired direction by applying a different phase shift value to each array
antenna element. Further, in order to compensate for a high path loss in the millimeter
wave band, each antenna element may be arranged to have a narrow beam width.

As such, a hybrid beamforming-based communication as illustrated in FIG. 6 is
different from the existing MIMO system in aspect of forming a beam using an
antenna array.

Specifically, when the hybrid beamforming-based communication system for multi-
users is configured, if the increase of the number of equipped antenna arrays makes the
beam of each antenna array sharp, the difference in the valid channel gain value for the
corresponding antenna becomes large. For example, assuming the communication in
the form of a BDMA (Beam Division Multiple Access) transmitting a signal for only
one user, the gain of the valid channel for the antenna corresponding to the single beam
has a value much higher than that of the rest of the antennas, and the gain of the valid
channel for each of the rest of the antennas become close to 0.

Meanwhile, as an example of the existing wireless communication standards, in
LTE-Advanced, a code book based on a unitary matrix is used for the PMI feedback.
In the unitary matrix, the deviation of the channel gain is not large and the charac-
teristic is uniform.

Further, in the hybrid beamforming-based communication system 600, the UE selects
an analog beam corresponding to a beam formed by a physical antenna using a BRS
(Beam Reference Signal) and selects the best digital beam using the code book. The
digital beam may correspond to a digital precoder. The UE may feedback the selected
analog beam and the digital beam to the base station, and the base station may perform
a beamforming to the UE using the analog beam and the digital beam. The analog
beam is rough, has a wide beam width, and slowly changes. The digital beam is
precise, has a narrow beam width, and changes fast. Hence, in the hybrid
beamforming-based communication system 600, a sharp final beam may be obtained.

FIG. 7 illustrates a wide width beam by using a multitude of narrow width beams.

When a multi-beam illustrated in FIG. 5 is appropriately positioned, a wide width
beam may be shown as FIG. 7.

FIG. 7 shows a wide width beam by utilizing 4 sub-arrays. It is assumed in the
present specification that a synchronization signal is transmitted using the wide width
beam. Namely, it is assumed that all sub-arrays transmit the same PSS(Primary Syn-
chronization Signal)/SSS(Secondary Synchronization Signal)/PBCH(Physical
Broadcast Channel). Meanwhile, a multitude of beams are defined to cover a wide
area, the beam gain becomes small. A power gain may be additionally provided to the
time axis through repetitive transmission. The synchronization subframe structure

based on such a repetitive transmission may be shown as FIG .8.
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FIG. 8 illustrates an example of the structure of a synchronization subframe including
a synchronization signal and BRS according to an embodiment of the present speci-
fication.

FIG. 8 shows the structure of a synchronization subframe and defines PSS/
SSS/PBCH. At this time, the block indicated by the same shadow means the OFDM
symbol group to which the same RF beam group (defined using 4 sub-array beams) is
applied. Namely, the 4 OFDM symbols use the same multi-RF beam.

Hereinafter, a synchronization subframe including a synchronization signal and a
BRS (Beam Reference Signal) will be specifically described.

A reference signal such as CSI (Channel State Indicator)-RS (Reference Signal) is
separately transmitted in a time division multiplexing (TDM) scheme, a frequency
division multiplexing (FDM) scheme, or a code division multiplexing (CDM) scheme
for a multitude of beams supported by the base station. In the CSI-RS, the radiation
angle of the beam for each antenna port is about 120 degrees, which is considered
wide. Yet, the BRS applicable in the embodiment of the present specification is a
reference signal for the feedback of the beam state information for a plurality of
beams. The BRS has relatively a small beam radiation angle compared to the CSI-RS,
thereby being applicable to a sharp beam. Further, the BRS may be multiplexed in the
FDM scheme per antenna port in one symbol, and thus the BRS may be transmitted at
least during one subframe.

The subframe transmitting the BRS may be called a synchronization subframe. The
synchronization subframe has 12 or 14 symbols and may be transmitted according to
the transmission period in which one synchronization subframe is transmitted per Sms.
Here, it is assumed that the synchronization subframe has 14 symbols (2 slots) in con-
sideration of the case of a normal CP. The symbol may correspond to the OFDM
symbol.

The UE obtains a downlink synchronization using PSS and/or SSS and selects an
optimal beam using the BRS. Referring to FIG. 8, a synchronization signal such as
PSS and/or SSS occupies relatively a small band on the basis of a central frequency. In
contrast, the BRS has an advantage that a search for an optimal beam is possible on the
basis of a broadband channel.

Further, the PSS and/or SSS is multiplexed in the FDM scheme in one symbol.
Further, the BRS is also multiplexed with a synchronization signal such as the PSS
and/or SSS in the FDM scheme in one symbol. In the case of the millimeter wave
band, a sharp beam is used, and thus in order to cover an area where the beam radiation
angel is 120 degrees, the synchronization subframe as FIG. § may be used.

Further, the PBCH may also be multiplexed together with the BRS in the FDM

scheme so as to be transmitted as FIG. §. The PBCH is a signal for transmitting core
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information of the system (e.g., a system frame number, a BRS transmission period
configuration, an ePBCH transmission indicator, etc.).

Hereinafter, a scheme of performing a random access procedure using a multitude of
narrow width beams will be described.

FIG. 9 illustrates an example of a random access subframe composed of a plurality of
random access channels according to an embodiment of the present invention.

A UE performs a random access in a random access frame. The random access frame
is composed of a plurality of random access channels. FIG. 8 shows an example of a
case that each random access channel is composed of 2 OFDM symbols. Further, in
FIG. 9, #0 to #6 are indexes of the random access channel and correspond to #0 to #6
of the synchronization subframe, respectively. If the base station receives a random
access preamble transmitted by the UE at random access channel #0, the UE may
recognize that the sub-array beam is one of sub-array beams within #0 of the synchro-
nization subframe.

The operation of the UE for performing this is as follows. The UE performing a
random access performs synchronization in advance in the synchronization subframe
and selects a sub-array beam which is appropriate for the UE. Namely, the UE selects a
sub-array beam which is appropriate for the UE through a BRS which is received in
the synchronization subframe. Further, the time synchronization may be performed
using the PSS or SSS which is received in the synchronization subframe. Thereafter, a
random access is performed through a random access channel corresponding to a sub-
array beam selected by the UE in the random access subframe corresponding to the
synchronization subframe. The base station recognizes a beam which is appropriate for
the UE by receiving a random access preamble transmitted by the UE.

In the 3GPP LTE system, the random access procedure was designed under the as-
sumption that the beam may reach the entire area in the sector. However, as the analog
beamforming is introduced, an area which a beam reaches at one point of time is
merely a partial area within the sector, and thus there may be a problem in the case of
using the existing random access procedure. For example, in a system having an
analog beam applied thereto, although the base station has received the random access
preamble at the same time, if the analog beam corresponding to the received random
access preamble (i.e., the sub-array beam) is different, message 2 should be trans-
mittable to the UE at different points of time. This is because if the analog beam is
applied, the same beam is applied to the entire bands, and thus at the time of
transmitting data, the beam direction should be determined in consideration of another
downlink data transmission as well as message 2.

The random access procedure proposed in the present specification is composed of

massage 1 to message 4. Message 1, which is the first step, is a random access
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preamble that is transmitted by the UE to the base station. Message 2 is a response
signal (random access response) transmitted by the base station to the UE. Message 3
is a signal which the UE transmits to the base station using the scheduling information
of message 2. Message 4 is a response signal which the base station sends to the UE,
and if the reception of message 4 is terminated, the contention resolution is completed.

Hereinafter, a random access procedure using a beam scanning will be described

It is assumed that the beam-scanning unit of a synchronization subframe
(beam-scanning subframe) is X OFDM symbols and Y sub-array beams exist in X
OFDM symbols. It is assumed that the random access channel corresponding to the nth
beam-scanning channel of the synchronization subframe is the nth random access
channel of the random access subframe. If the base station receives a random access
preamble transmitted by the UE in the nth random access channel, the base station may
know that the beam preferred by the UE is one of Y sub-array beams. Furthermore,
different preamble groups for respective sub-array beams may be allocated in order to
clearly indicate the sub-array beam most preferred by the UE among Y sub-array
beams. In this case, the base station may recognize the sub-array beam desired by the
UE depending on the group to which the received preamble belongs. Alternatively, it is
possible to select one of Y sub-array beams as the optimal beam by measuring the
signal size of Rx antenna ports received by the base station.

For example, the base station determines a temporary identifier, which is masked
when message 2 is transmitted, depending on the preamble group index, time
(subframe) index, and frequency (subcarrier) index. The UE knows the preamble, the
time resource, and the frequency resource having been used at the time of transmitting
message 1, and thus the UE can predict a temporary identifier of message 2 to be
received by the UE.

The optimal beam may be a beam which is located between sub-array beam #3 of the
nth beam scanning and sub-array beam #0 of the n+1th beam scanning. This means
that the Tx/Rx beam gain, which is obtained from sub-array beam #3 of the nth beam
scanning and sub-array beam #0 of the n+1th beam scanning, may be lower than the
gain of another UE. At this time, only when the UE transmits message 1 twice on the
nth random access channel and n+1 random access channel, the case that the base
station receives message 1 may occur. In order to recognize the fact that the UE has
transmitted a preamble twice, it is necessary to generate a preamble group corre-
sponding to two different sub-array beams. Further, when the UE transmits the
preamble twice, the UE needs to set the preamble of the corresponding preamble group
to be used.

The UE having transmitted message 1 should be able to receive message 2, and thus

a temporary identifier (e.g., RA (Random Access)-RNTI (Radio Network Temporary
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Identifier)) for message 2 is necessary. As in the above example, a multitude of sub-
array beams may be mapped with one preamble group, and thus the present speci-
fication proposes a scheme of selecting a temporary identifier of message 2 depending
on the preamble group index.

For example, some preamble groups may correspond to the sub-array beam by 1:1,
and some preamble groups may correspond to N sub-array beams.

Further, when the sub-array beam of the Lth beam scanning and the sub-array beam
of the L'th beam scanning within the beam-scanning subframe are adjacent to each
other, the same preamble group may be allocated to two beams (corresponding to the
Lth random access channel and the L'th random access channel). Further, the preamble
group corresponding to the sub-array beam of the Lth beam scanning and the preamble
group corresponding to the sub-array beam of the L'th beam scanning may separately
exist. For example, it is assumed that there are #0 to #15 preambles. Preambles used in
the Lth random access channel are #0 to #11, and preambles used in the L'th random
access channel are also #0 to #11. Further, preambles, which may be used in both the
Lth random access channel and the L'th random access channel, are set to #12 to #15.

Further, the mapping relation between the preamble group and the sub-array beam is
broadcast within the cell with the upper layer signaling. Namely, all UEs within the
cell should know the relation between the preamble group and the sub-array beam, and
thus the corresponding information is broadcast within the cell.

FIG. 10 illustrates an example of a random access procedure by using a beam
scanning according to an embodiment of the present invention.

For example, after transmitting message 1, the UE attempts the decoding by
combining message 2, which is received at different points of time (subframe) during
time T. If the decoding succeeds, the UE transmits message 3 from the resource
designated by message 2 to message 3.

A random access subframe for transmitting message 1 separately exists, but a
subframe for transmitting message 2 to message 4 does not separately exist. Hence,
message 2 to message 4 are transmitted in a general subframe for data transmission.

Downlink data and uplink data are also transmitted in the subframe for data
transmission, and the direction of the analog beam for transmitting such data may not
be one of the directions of the sub-array beam of the beam-scanning subframe. For
example, it is assumed that subarray beams #0 to #3 are adjacent to each other. If
message 1 is transmitted in the direction of sub-array Rx beam #1 of the base station
(S1010), the base station may expect message 2 to be transmitted in the direction of
sub-array Tx beam #1. Yet, in the case of the random access response corresponding to
message 2, there are not many contents, and thus if the random access response is

transmitted to entire bands for the corresponding beam, the resources may be wasted.
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Particularly in the millimeter wave (mmWave) band, a broadband (wide frequency
band) is used, which may cause a greater problem. Hence, the base station may divide
the frequency band so as to transmit the random access response at the same point of
time as the downlink data.

Referring to FIG. 10, it is assumed that there are UE 2 trying to receive data with the
high priority with the beam between sub-array beam #1 and sub-array beam #2 within
the cell and UE3 trying to receive data with the high priority with the beam between
sub-array beam #0 and sub-array beam #1. In this case, the base station transmits
message 2 of UE 1 while sending data with the beam that is optimal to UE2 (S1020),
and the base station may transmit message 2 of UE 1 together while sending data with
the beam that is optimal to UE 3 (51030). Namely, UE 1 does not receive message 2
throughout the entire bands with the optimal beam of UE 1 and receives a random
access response together with the downlink data for UE 2 with the optimal beam of UE
2 (S1020). Further, UE 1 receives the random access response together with the
downlink data for UE 3 with the optimal beam of UE 3 (S1030). In this case, UE 1
does not receive a random access response with the optimal beam, and thus it may not
be possible to secure sufficient receiving SNR for the decoding only with one time
random access response. Hence, it is necessary to attempt a decoding by combining
message 2 which has been received twice.

However, when the UE attempts the decoding by combining message 2, the time for
attempting the combination of the UE may need to be restricted. Hence, the base
station determines the time range for transmitting message 2 in advance and informs
the UE of the determination. Further, the time T for attempting the combination by the
UE is set from the point of time when message 1 is transmitted. Namely, the UE may
combine the random access response received together with the downlink data for UE
2 with the optimal beam of UE 2 with the random access response received together
with the downlink data for UE 3 with the optimal beam of UE 3 during designated time
T so as to attempt the decoding (S1040).

Time T may be broadcast in common by the base station within the cell with the
upper (L2/L3) layer signaling or may designate a separate value to the individual UE
so as to be notified.

Further, message 2 corresponding to the same message 1 may be transmitted several
times during time T. Further, even at the one time reception of message 2, it should be
self-decodable.

Even in the case that the UE fails to receive the firstly transmitted message 2 and
receives only the secondly transmitted message 2, each message 2 is preferably
designed to be self-decodable so that the decoding may be attempted. Further, the

message 2, which may be coupled, should be masked with the same temporary
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message 3 is scheduled. Further, the time information is generated on the basis of the
point of time when message 1 is transmitted.

Message 2 includes information of scheduling message 3. In a system to which the
analog beamforming has been applied, the area where the data transmission and
reception is possible depending on the direction of the analog beamforming is changed,
and thus it is difficult to maintain constant the point of time of transmitting message 3
after receiving message 2. Hence, it is necessary to indicate the subframe index of the
subframe in which message 3 is transmitted. Further, in order to perform a decoding by
combining repeatedly transmitted message 2, messages 2 should have the same in-
formation. Hence, it may be necessary for the scheduling time information of message
3 existing within message 2 to be set on the basis of the point of time when the UE
transmits message 1.

For example, the scheduling time information of message 3 corresponding to
message 2 may UE-commonly exist or may be UE-specifically set. Message 2 may
include scheduling information of message 3 for several UEs. Under such assumption,
advantages when the scheduling time information of message 3 is UE-commonly set
are as follows. A multitude of UEs can transmit uplink data only when the base station
performs Rx beamforming in a direction that the corresponding UEs are located, and
thus the point of time when different UEs transmit message 3 may be the same
subframe. Hence, it is preferred to reduce the signaling overhead of message 2 by in-
tegrating time scheduling information of message 3. Accordingly, it may be recognized
that the case that the scheduling time information of message 3 is UE-commonly set is
appropriate for the case that message 2 is transmitted on the control channel.

Further, the advantages when the scheduling time information of message 3 are UE-
specifically set are as follows. When message 2 is transmitted on the data channel, the
signaling overhead is not an important issue. Hence, the case that the scheduling time
information of message 3is UE-specifically set is appropriate for the case that message
2 is transmitted on the data channel. At this time, the scheduling degree of freedom of
the base station becomes higher than the case that the scheduling time information of
message 3 UE-commonly set.

Further, the scheduling time information of message 3 is generated on the basis of
the time (subframe index) when message 1 is received. If message 3 has been
scheduled during time T' in message 2, the UE transmits message 1 and then transmits
message 3 after time T' (S1050).

If the UE has a good receiving SNR (Signal to Noise Ratio), the UE can decode

message 2. In this case, in order to remove the unnecessary waiting time, scheduling
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time information of message 3 included in message 2 may need to be set on the basis
of the point of time of transmitting message 1. Message may be received simul-
taneously by a multitude of UEs as well as a single UE, and thus at this time, UEs
having a good receiving SNR and a poor receiving SNR may be together. Hence, it
would be advantageous to set UEs having a good SNR to first send a signal.

Further, the scheduling time information of message 3 is generated on the basis of
time T. If message 2 to message 3 are scheduled at time T', the UE transmits message 1
and then transmits message 3 at T+T' (S1050). Namely, the UE may receive message 2
during time T and then combine the message 2 so as to perform the decoding, and thus
it is preferred that the point of time of transmitting message 3 designated by message 2
is set to be after T.

FIG. 11 is a flowchart showing the procedure of transmitting uplink data using a
beam scanning according to an embodiment of the present specification.

First, with respect to terms, the optimal beam of a UE may correspond to a sub-array
beam or analog beam which is appropriate for the UE.

First, in step S1110, a first UE transmits a random access preamble to the base station
through the optimal beam of the first UE.

In step S1120, the first UE receives a first random access response and a second
random access response. The first random access response is received together with the
downlink data of the second UE through the optimal beam of the second UE at the first
point of time. The second random access response is received together with the
downlink data of the third UE through the optimal beam of the third UE at the second
point of time.

In step S1130, the first UE decodes a message which is generated by combining the
first random access response with the second random access response.

The first point of time and the second point of time may be the same point of time or
different points of time. If the first point of time and the second point of time are the
same, the first random access response and the second random access response may
correspond to different sub-arrays. When the first point of time and the second point of
time are different from each other, the first point of time and the second point of time
may correspond to each subframe. Namely, the first UE may receive the random
access response twice at different points of time and combine the received random
access responses so as to be decoded. There are not many contents in the random
access response, and thus if the random access response is transmitted to the entire
band for the corresponding beam, resources may be wasted. Hence, the first UE does
not receive the random access response as the optimal beam of the first UE. Rather, the
first UE may receive the random access response together with the downlink data of

another UE (yet, it is assumed that they are beams adjacent to each other) by dividing



22

WO 2017/183848 PCT/KR2017/003948

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

the frequency band. The first UE receives the random access response several times in
order to reinforce the signal-weakened random access response because the random
access response is not received as the optimal beam of the first UE. Namely, the first
UE receives the random access response until the receiving SNR becomes sufficient.

Namely, the first random access response and the downlink data of the second UE
are received at different frequency bands at the first point of time. Further, the second
random access response and the downlink data of the third UE are received at different
frequency bands at the second point of time.

Further, the optimal beam of the first UE, the optimal beam of the second UE, and
the optimal beam of the third UE are adjacent to each other.

Further, the first random access response and the second random access response are
combined during the predetermined time after the third point of time when the random
access preamble is transmitted. Namely, if the random access response was received
during the predetermined time, the first UE may know that the random access response
received during the predetermined time is the random access response for the random
access preamble transmitted by the first UE.

Further, the first random access response and the second random access response
include the same information. Since the first random access response and the second
random access response have the same information, the first UE may combine those
random access responses so as to be decoded.

Further, the first point of time and the second point of time are included in the prede-
termined time. Namely, the first UE may receive the first random access response and
the second random access response during the predetermined time and combine the
two random access responses so as to be decoded.

Further, the first random access response and the second random access response
may be combined, and thus the first random access response and the second random
access response may be masked with the same temporary identifier.

The temporary identifier is determined based on the index of the preamble group
including the random access preamble, the index of the subframe in which the random
access preamble is transmitted, and the index of the subcarrier in which the random
access preamble is transmitted. The first UE knows the random access preamble
transmitted by the first UE and time and frequency resources at which the random
access preamble has been transmitted, and thus the UE may predict the temporary
identifier of the random access response to be received by the UE.

The preamble group corresponds to the optimal beam of the first UE. Respective sub-
array beams may be mapped with different preamble groups, or a multitude of sub-
array beams may be mapped with one preamble group. As such, the base station may

recognize the sub-array beam (optimal beam) desired by the UE depending on the
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preamble group to which the received preamble belongs.

There are two major types of schemes for combining the first random access
response with the second random access response. One of them is a chase-combining
scheme and the other is an incremental redundancy (IR) combining scheme.

The chase combining is applicable when the first random access response and the
second random access response are transmitted using the same encoding rate. LLR
(log-likelihood ratio) obtained after decoding the first random access response (symbol
de-mapping) and LLR obtained after decoding the second random access response are
added in the receiving end, and the result value is used as the input value in the
decoder. For example, when the first random access response is "information bit +
parity bit 1" and the second random access response is "information bit + parity bit 1",
the input value may become "combined information bit + combined parity bit 1". Here,
the information bit may correspond to systematic data.

The IR combining is possible when the first random access response and the second
random access response have different encoding rates, or even if the encoding rates are
the same, when the different parity bits are transmitted. In the receiving end, the in-
formation bit of the first random access response and the information bit of the second
random access response are combined in the same manner as the chase combining.
However, the parity bit is concatenated and inputted to the decoder. For example, when
the first random access response is "information bit + parity bit 1" and the second
random access response is "information bit + parity bit 2", the input value being
inputted into the decoder may become "combined information bit + parity bit 1 +
parity bit 2".

In step S1140, the first UE transmits the uplink data to the base station based on
scheduling information included in the message. The uplink data may include the
control signal of L2/L.3 layer, RRC control signal, and the like as well as the data of a
general application layer. For example, the header of L2/L.3 layer, buffer state in-
formation, and UE identifier information for collision resolution of the random access
procedure may be included in the uplink data.

The scheduling information includes information for the fourth point of time at
which the uplink data is transmitted. The information on the fourth point of time is de-
termined based on the third point of time when the random access preamble is
transmitted. The point of time may correspond to a subframe. Namely, the message
combined with the random access responses includes information indicating the
subframe index of the subframe in which uplink data is transmitted. Further, the first
random access response and the second random access response should include the
same information, and thus the scheduling information is determined on the basis of

the point of time when the random access preamble is transmitted.
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Further, if the message is transmitted through the control channel, the information on
the fourth point of time is set as the UE-common information. In the case of the UE-
common information, all the points of time when the first UE, the second UE, and the
third UE transmit uplink data may be the same. Namely, since the information on the
fourth point of time when the uplink data is transmitted is the same, the signaling
overhead of the random access response may be reduced.

If the message is transmitted through the data channel, the information on the fourth
point of time is set as the UE-specific information. In the case of the UE-specific in-
formation, the points of time when the first UE, the second UE, and the third UE
transmit uplink data may be different. Namely, the information on the fourth point of
time when the uplink data is transmitted is different, thereby enhancing the scheduling
degree of freedom of the base station.

The first UE may receive, from the base station, a beam reference signal (BRS)
which is multiplexed in a frequency division multiplex (FDM) scheme for each symbol
and is transmitted during at least one subframe. The optimal beam of the first user
equipment is determined based on the BRS.

The first UE may receive, from the base station, a primary synchronization single
(PSS) or secondary synchronization signal (SSS) that is multiplexed in the FDM
scheme together with the BRS for each symbol and is transmitted during the at least
one subframe. The first UE may perform a time synchronization by using the PSS or
the SSS.

FIG. 12 is a block diagram showing a device in which an embodiment of the present
specification is implemented.

A wireless device 1200 may include a processor 1210, a memory 1220, and a radio
frequency (RF) unit 1230.

The processor may be configured to implement the above-described functions,
procedures, and methods. The layers of the radio interface protocol may be im-
plemented by the processor. The processor 1210 may perform a procedure for
operating the above-described operations. The memory 1220 is operatively connected
to the processor 1210, and the RF unit 1230 is operatively connected to the processor
1210.

The processor 1210 may include ASIC (application-specific integrated circuit), other
chipsets, a logical circuit and/or a data processing device. The memory 1220 may
include a ROM (read-only memory), a RAM (random access memory), a flash
memory, a memory card, a storage medium and/or another storage device. The RF unit
1230 may include a baseband circuit for processing a wireless signal. When an em-
bodiment is implemented as software, the above-described scheme may be im-

plemented as a module for performing the above-described functions. The module may
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be stored in the memory 1220 and may be executed by the processor 1210. The
memory 1220 may exist inside or outside the processor 1210 and may be connected to
the processor 1210 using various known means.

Various schemes according to the present specification have been described through
the drawings and symbols in the drawings based on the above-described examples. The
respective schemes have been described using a multitude of steps or blocks according
to a specific order for the convenience of description, but the specific order of such
steps or blocks do not limit the invention disclosed in claims, and respective steps or
blocks may be implemented in different orders or may be performed simultaneously
with other steps or blocks. Further, it would be easily understood by one of ordinary
skill in the art that each step or block is not limitative and one or more other steps may
be added or deleted within the scope of the idea of the present invention.

The above-described embodiments include various examples. One of ordinary skill
in the art would know that it is not possible to describe all possible combinations of
examples and various combinations may be derived from the technology of the present
specification. Hence, the scope of the present invention should be determined on the
basis of combinations of various examples disclosed in the detailed description of the
invention of the present specification within the scope of the disclosure of the claims

below.
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Claims
A method of transmitting, by a first user equipment (UE), uplink data

in a wireless communication, the method comprising:

transmitting a random access preamble to a base station through an
optimal beam of the first user equipment;

receiving a first random access response and a second random access
response, wherein the first random access response is received together
with downlink data of a second user equipment through an optimal
beam of the second user equipment at a first point of time and wherein
the second random access response is received together with downlink
data of a third user equipment through an optimal beam of the third
user equipment at a second point of time;

decoding a message which is generated by combining the first random
access response with the second random access response; and
transmitting uplink data to the base station based on scheduling in-
formation included in the message.

The method of claim 1, wherein the first random access response and
the downlink data of the second user equipment are received at
different frequency bands at the first point of time, and wherein the
second random access response and the downlink data of the third user
equipment are received at different frequency bands at the second point
of time.

The method of claim 1, wherein the optimal beam of the first user
equipment, the optimal beam of the second user equipment, and the
optimal beam of the third user equipment are adjacent to each other.
The method of claim 1, wherein the first random access response and
the second random access response are combined for a predetermined
time after a third point of time when the random access preamble is
transmitted, wherein the first random access response and the second
random access response include same information, and wherein the
first point of time and the second point of time are included in the pre-
determined time.

The method of claim 1, wherein the first random access response and
the second random access response are masked with a same temporary
identifier.

The method of claim 5, wherein the temporary identifier is determined

based on an index of a preamble group including the random access
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preamble, an index of a subframe in which the random access preamble
is transmitted, and an index of a subcarrier through which the random
access preamble is transmitted.

The method of claim 6, wherein the preamble group corresponds to the
optimal beam of the first user equipment.

The method of claim 1, wherein the scheduling information comprises
information on a fourth point of time when the uplink data is
transmitted,

wherein the information on the fourth point of time is determined based
on a third point of time when the random access preamble is
transmitted.

The method of claim 8, wherein if the message is transmitted through a
control channel, the information on the fourth point of time is set as
user equipment-common information, and

wherein if the message is transmitted through a data channel, the in-
formation on the fourth point of time is set as user equipment-specific
information.

The method of claim 1, further comprising:

receiving, from the base station, a beam reference signal (BRS) which
is multiplexed in a frequency division multiplex (FDM) scheme for
each symbol and is transmitted during at least one subframe,

wherein the optimal beam of the first user equipment is determined
based on the BRS.

The method of claim 10, further comprising:

receiving, from the base station, a primary synchronization single (PSS)
or secondary synchronization signal (SSS) that is multiplexed in the
FDM scheme together with the BRS for each symbol and is transmitted
during the at least one subframe; and

performing a time synchronization by using the PSS or the SSS.

A first user equipment (UE) for transmitting uplink data in a wireless
communication system, the first user equipment comprising:

a radio frequency (RF) unit that transmits and receives a wireless
signal; and

a processor which is operatively connected to the RF unit,

wherein the processor is configured to:

transmit a random access preamble to a base station through an optimal
beam of the first user equipment;

receive a first random access response and a second random access
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response, wherein the first random access response is received together
with downlink data of the second user equipment through an optimal
beam of the second user equipment at a first point of time and wherein
the second random access response is received together with downlink
data of a third user equipment through an optimal beam of the third
user equipment at a second point of time;

decode a message which is generated by combining the first random
access response with the second random access response; and

transmit uplink data to the base station based on scheduling information
included in the message.

The first user equipment of claim 12, wherein the first random access
response and the downlink data of the second user equipment are
received at different frequency bands at the first point of time, and
wherein the second random access response and the downlink data of
the third user equipment are received at different frequency bands at the
second point of time.

The first user equipment of claim 12, wherein the first random access
response and the second random access response are combined for a
predetermined time after a third point of time when the random access
preamble is transmitted, wherein the first random access response and
the second random access response include same information, and
wherein the first point of time and the second point of time are included
in the predetermined time.

The first user equipment of claim 12, wherein the first random access
response and the second random access response are masked with a

same temporary identifier.
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