(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/108359 A1l

23 July 2015 (23.07.2015) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
HO04W 52/14 (2009.01) HO04W 72/04 (2009.01) kind of national protection available): AE, AG, AL, AM,
21) Tat tional Application Number- AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
1) International Application Number: CTKR2015/000455 BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
15 January 2015 (15.01.2015) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
B . MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, 8V, §Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . L
61/927,503 15 January 2014 (15.01.2014) Us (84) Designated States (unless otherwise indicated, for every
62/034,153 7 August 2014 (07.08.2014) Us kind Of regional protection available): ARIPO (BW, GH,
62/061,703 9 October 2014 (09.10.2014) Us GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(71) Applicant: LG ELECTRONICS INC. [KR/KR]; 128, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Yeoui-daero, Yeongdeungpo-gu, Seoul, 150-721 (KR). DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) Imventor: YL, Yunjung; LG Electronics Inc., Seocho R&D LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Campus 19 Yangjae-daero 11gil, Seocho-gu, Seoul 137- SM, TR), OAPL (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
’ ’ GW, KM, ML, MR, NE, SN, TD, TG).
893 (KR).
(74) Agent: S&IP PATENT & LAW FIRM; (2F. Samheung [ uPlished:

Yeoksam Bldg., Yeoksam-dong), 5 Teheran-ro 14-gil,
Gangnam-gu, Seoul 135-080 (KR).

with international search report (Art. 21(3))

20157108359 A1 I 01000 100000 0O O 00

(54) Title: METHOD AND APPARATUS FOR CONTROLLING UPLINK POWER IN WIRELESS

SRS
Pemvax
P_MeNB+P_SeNB
PUCCH PUSCH MCG
Power
P_SeNB
PUSCH SCG
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WO 2015/108359 PCT/KR2015/000455

Description

Title of Invention: METHOD AND APPARATUS FOR CON-

[0001]

[0002]

[0003]

[0004]

[0005]

TROLLING UPLINK POWER IN WIRELESS
Technical Field

The present invention relates to wireless communications, and more particularly, to a
method and apparatus for controlling an uplink power in a wireless communication

system.

Background Art

Universal mobile telecommunications system (UMTS) is a 3 generation (3G) asyn-
chronous mobile communication system operating in wideband code division multiple
access (WCDMA) based on European systems, global system for mobile commu-
nications (GSM) and general packet radio services (GPRS). A long-term evolution
(LTE) of UMTS is under discussion by the 3 generation partnership project (3GPP)
that standardized UMTS.

The 3GPP LTE is a technology for enabling high-speed packet communications.
Many schemes have been proposed for the LTE objective including those that aim to
reduce user and provider costs, improve service quality, and expand and improve
coverage and system capacity. The 3GPP LTE requires reduced cost per bit, increased
service availability, flexible use of a frequency band, a simple structure, an open
interface, and adequate power consumption of a terminal as an upper-level re-
quirement.

To increase the capacity for the users' demand of services, increasing the bandwidth
may be essential, a carrier aggregation (CA) technology or resource aggregation over
intra-node carriers or inter-node carriers aiming at obtaining an effect, as if a logically
wider band is used, by grouping a plurality of physically non-continuous bands in a
frequency domain has been developed to effectively use fragmented small bands. In-
dividual unit carriers grouped by carrier aggregation is known as a component carrier
(CC). For inter-node resource aggregation, for each node, carrier group (CG) can be
established here one CG can have multiple CCs. Each CC is defined by a single
bandwidth and a center frequency.

In LTE Rel-12, a new study on small cell enhancement has started, where dual con-
nectivity is supported. Dual connectivity is an operation where a given UE consumes
radio resources provided by at least two different network points (master eNB (MeNB)
and secondary eNB (SeNB)) connected with non-ideal backhaul while in
RRC_CONNECTED. Furthermore, each eNB involved in dual connectivity for a UE

may assume different roles. Those roles do not necessarily depend on the eNB’s power
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class and can vary among UEs.
Uplink power control determines the average power over a single carrier frequency

division multiple access (SC-FDMA) symbol in which the physical channel is
transmitted. Uplink power control controls the transmit power of the different uplink
physical channels. Efficient uplink power control method for CA or dual connectivity

may be required.
Summary of Invention

Technical Problem

The present invention provides a method and apparatus for determining transmission
power allocated to transmit reference signals depending on whether MeNB and SeNB
are asynchronous or synchronous.

The present invention provides a method and apparatus for allocating transmission
power with priority between SRSs of MeNB and SeNB, SRS and CSI, etc.

The present invention provides a method and apparatus for allocating transmission
power according to an order determined among symbols/signals to be transmitted.
Solution to Problem

An embodiment of the present invention(s) is a method of controlling uplink
transmission power. The method may comprise receiving a signal on a downlink
channel in dual connectivity with master eNB (MeNB) and secondary eNB (SeNB), al-
locating transmission power for sounding reference signals (SRS) and transmitting
SRS to the MeNB and SeNB based on the allocated transmission power.

Another embodiment of the present invention(s) is an apparatus of controlling uplink
transmission power. The apparatus may comprise a radio frequency (RF) unit for
transmitting and receiving a radio signal, wherein the radio signal includes information
on transmission power which indicates a power control mode and a processor op-
eratively coupled to the RF unit, wherein the processor is configured for transmitting
signals via the RF unit based on a scheduling for UL and/or downlink (DL), wherein
the RF unit may receive a signal on a downlink channel in dual connectivity with
master eNB (MeNB) and secondary eNB (SeNB), and wherein the processor may
allocate transmission power for sounding reference signals (SRS) and transmit SRS for
the MeNB and the SeNB with the allocated transmission power via the RF unit.
Advantageous Effects of Invention

According to the present invention, the transmission power allocated to transmit
reference signals can be determined efficiently depending on whether MeNB and
SeNB are asynchronous or synchronous.

According to the present invention, transmission power can be allocated efficiently
with priority between SRSs of MeNB and SeNB, SRS and CSI, etc.
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According to the present invention, transmission power allocated according to an
order determined among symbols/signals to be transmitted.
Brief Description of Drawings

FIG. 1 shows a wireless communication system.

FIG. 2 shows structure of a radio frame of 3GPP LTE.

FIG. 3 shows a resource grid for one downlink slot.

FIG. 4 shows structure of a downlink subframe.

FIG. 5 shows structure of an uplink subframe.

FIG. 6 shows an example of a carrier aggregation of 3GPP LTE-A.

FIG. 7 shows an example of dual connectivity to a macro cell and a small cell.

FIG. 8 briefly describes an example of asynchronous case.

FIG. 9 briefly describes an example of determining power to SRS in PCM2.

FIG. 10 briefly describes another example of determining power to SRS in PCM2.

FIG. 11 briefly describes yet another example of determining power to SRS in
PCM2.

FIG. 12 briefly describes yet another example of determining power to SRS in
PCM2.

FIG. 13 is a flow chart briefly describing an example of the operation of the UE
according to the present invention(s).

FIG. 14 is a block diagram which briefly describes a wireless communication system
including an UE and a BS (eNB).

Mode for the Invention

Techniques, apparatus and systems described herein may be used in various wireless
access technologies such as code division multiple access (CDMA), frequency division
multiple access (FDMA), time division multiple access (TDMA), orthogonal
frequency division multiple access (OFDMA), single carrier frequency division
multiple access (SC-FDMA), etc. The CDMA may be implemented with a radio
technology such as universal terrestrial radio access (UTRA) or CDMA2000. The
TDMA may be implemented with a radio technology such as global system for mobile
communications (GSM)/general packet radio service (GPRS)/ enhanced data rates for
GSM evolution (EDGE). The OFDMA may be implemented with a radio technology
such as institute of electrical and electronics engineers (IEEE) 802.11 (Wi-Fi), IEEE
802.16 (WiMAX), IEEE 802-20, evolved-UTRA (E-UTRA) etc. The UTRA is a part
of a universal mobile telecommunication system (UMTS). 3rd generation partnership
project (3GPP) long term evolution (LTE) is a part of an evolved-UMTS (E-UMTS)
using the E-UTRA. The 3GPP LTE employs the OFDMA in downlink and employs
the SC-FDMA in uplink. LTE-advance (LTE-A) is an evolution of the 3GPP LTE. For
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clarity, this application focuses on the 3GPP LTE/LTE-A. However, technical features
of the present invention are not limited thereto.

FIG. 1 shows a wireless communication system. The wireless communication system
10 includes at least one base station (BS) 11. Respective BSs 11 provide a commu-
nication service to particular geographical areas 15a, 15b, and 15¢ (which are generally
called cells). Each cell may be divided into a plurality of areas (which are called
sectors). A user equipment (UE) 12 may be fixed or mobile and may be referred to by
other names such as mobile station (MS), mobile terminal (MT), user terminal (UT),
subscriber station (SS), wireless device, personal digital assistant (PDA), wireless
modem, handheld device. The BS 11 generally refers to a fixed station that com-
municates with the UE 12 and may be called by other names such as evolved-NodeB
(eNB), base transceiver system (BTS), access point (AP), etc.

In general, a UE belongs to one cell, and the cell to which a UE belongs is called a
serving cell. A BS providing a communication service to the serving cell is called a
serving BS. The wireless communication system is a cellular system, so a different cell
adjacent to the serving cell exists. The different cell adjacent to the serving cell is
called a neighbor cell. A BS providing a communication service to the neighbor cell is
called a neighbor BS. The serving cell and the neighbor cell are relatively determined
based on a UE.

This technique can be used for downlink or uplink. In general, downlink refers to
communication from the BS 11 to the UE 12, and uplink refers to communication from
the UE 12 to the BS 11. In downlink, a transmitter may be part of the BS 11 and a
receiver may be part of the UE 12. In uplink, a transmitter may be part of the UE 12
and a receiver may be part of the BS 11.

The wireless communication system may be any one of a multiple-input multiple-
output (MIMO) system, a multiple-input single-output (MISO) system, a single-input
single-output (SISO) system, and a single-input multiple-output (SIMO) system. The
MIMO system uses a plurality of transmission antennas and a plurality of reception
antennas. The MISO system uses a plurality of transmission antennas and a single
reception antenna. The SISO system uses a single transmission antenna and a single
reception antenna. The SIMO system uses a single transmission antenna and a plurality
of reception antennas. Hereinafter, a transmission antenna refers to a physical or
logical antenna used for transmitting a signal or a stream, and a reception antenna
refers to a physical or logical antenna used for receiving a signal or a stream.

FIG. 2 shows structure of a radio frame of 3GPP LTE. Referring to FIG. 2, a radio
frame includes 10 subframes. A subframe includes two slots in time domain. A time
for transmitting one subframe is defined as a transmission time interval (TTI). For

example, one subframe may have a length of 1 millisecond (ms), and one slot may



WO 2015/108359 PCT/KR2015/000455

[0035]

[0036]

[0037]

[0038]

[0039]

have a length of 0.5 ms. One slot includes a plurality of orthogonal frequency division
multiplexing (OFDM) symbols in time domain. Since the 3GPP LTE uses the OFDMA
in the downlink, the OFDM symbol is for representing one symbol period. The OFDM
symbols may be called by other names depending on a multiple-access scheme. For
example, when SC-FDMA is in use as an uplink multi-access scheme, the OFDM
symbols may be called SC-FDMA symbols. A resource block (RB) is a resource al-
location unit, and includes a plurality of contiguous subcarriers in one slot. The
structure of the radio frame is shown for exemplary purposes only. Thus, the number
of subframes included in the radio frame or the number of slots included in the
subframe or the number of OFDM symbols included in the slot may be modified in
various manners.

3GPP LTE defines that one slot includes seven OFDM symbols in a normal cyclic
prefix (CP) and one slot includes six OFDM symbols in an extended CP.

The wireless communication system may be divided into a frequency division duplex
(FDD) scheme and a time division duplex (TDD) scheme. According to the FDD
scheme, an uplink transmission and a downlink transmission are made at different
frequency bands. According to the TDD scheme, an uplink transmission and a
downlink transmission are made during different periods of time at the same frequency
band. A channel response of the TDD scheme is substantially reciprocal. This means
that a downlink channel response and an uplink channel response are almost the same
in a given frequency band. Thus, the TDD-based wireless communication system is ad-
vantageous in that the downlink channel response can be obtained from the uplink
channel response. In the TDD scheme, the entire frequency band is time-divided for
uplink and downlink transmissions, so a downlink transmission by the BS and an
uplink transmission by the UE cannot be simultaneously performed. In a TDD system
in which an uplink transmission and a downlink transmission are discriminated in units
of subframes, the uplink transmission and the downlink transmission are performed in
different subframes.

Frame structure type 1 is applicable to both full duplex and half duplex FDD. Each
radio frame is T; = 307200xT,= 10 ms long and consists of 20 slots of length T, =
15360xT, = 0.5 ms, numbered from O to 19. A subframe is defined as two consecutive
slots where subframe iconsists of slots 2i and 2i+1.

For FDD, 10 subframes are available for downlink transmission and 10 subframes
are available for uplink transmissions in each 10 ms interval. Uplink and downlink
transmissions are separated in the frequency domain. In half-duplex FDD operation,
the UE cannot transmit and receive at the same time while there are no such re-
strictions in full-duplex FDD.

Frame structure type 2 is applicable to TDD. Each radio frame of length T, =
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307200xT,= 10 ms consists of two half-frames of length 153600xT, = 5 ms each. Each
half-frame consists of five subframes of length 30720xT, = 1 ms. The supported

uplink-downlink configurations are listed in Table 1.

<Table 1>
Uplink-downlink | Downlink-to-Uplink Subframe number
configuration | Switch-point periodicity | 0 |1 |2 |3 |4 |56 |7 |8|9
0 5 ms D|/S|ujuUjlu|D|Ss|UlU|U
1 5 ms D|S|U|U|D[D|S|U[U|D
2 5 ms D|S|U|/D|D[D|S|U[D|D
3 10 ms D|/S|U|U|U|D|D|D|D|D
4 10 ms D|S|{U|U|D|D|D|D|D|D
5 10 ms D|S|U|/D|D|[D|D|D[D|D
6 5 ms D/ S|Ul/U|U|ID|S|U|U|D

In Table 1, for each subframe in a radio frame, “D” denotes the subframe is reserved
for downlink transmissions, “U” denotes the subframe is reserved for uplink trans-
missions and “S” denotes a special subframe with the three fields downlink pilot time
slot (DWPTS), guard period (GP) and uplink pilot time slot (UpPTS). Each subframe 1
is defined as two slots, 2i and 2i+1 of length T, = 15360xT, = 0.5 ms in each
subframe.

Uplink-downlink configurations with both 5 ms and 10 ms downlink-to-uplink
switch-point periodicity are supported. In case of 5 ms downlink-to-uplink switch-
point periodicity, the special subframe exists in both half-frames. In case of 10 ms
downlink-to-uplink switch-point periodicity, the special subframe exists in the first
half-frame only. Subframes 0 and 5 and DwPTS are always reserved for downlink
transmission. UpPTS and the subframe immediately following the special subframe are
always reserved for uplink transmission.

In case multiple cells are aggregated, the UE may assume that the guard period of the
special subframe in the different cells have an overlap of at least 1456xT,. In case
multiple cells with different uplink-downlink configurations are aggregated and the UE
is not capable of simultaneous reception and transmission in the aggregated cells, the
following constraints apply:

- if the subframe in the primary cell is a downlink subframe, the UE shall not
transmit any signal or channel on a secondary cell in the same subframe

- if the subframe in the primary cell is an uplink subframe, the UE is not expected to
receive any downlink transmissions on a secondary cell in the same subframe

- if the subframe in the primary cell is a special subframe and the same subframe in a
secondary cell is a downlink subframe, the UE is not expected to receive physical
downlink shared channel (PDSCH)/enhanced physical downlink control channel
(EPDCCH)/physical multicast channel (PMCH)/positioning reference signal (PRS)

transmissions in the secondary cell in the same subframe, and the UE is not expected to
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receive any other signals on the secondary cell in OFDM symbols that overlaps with
the guard period or UpPTS in the primary cell.

[0048]  FIG. 3 shows a resource grid for one downlink slot. Referring to FIG. 3, a downlink
slot includes a plurality of OFDM symbols in time domain. It is described herein that
one downlink slot includes 7 OFDM symbols, and one RB includes 12 subcarriers in
frequency domain as an example. However, the present invention is not limited
thereto. Each element on the resource grid is referred to as a resource element (RE).
One RB includes 12x7 resource elements. The number NP* of RBs included in the
downlink slot depends on a downlink transmit bandwidth. The structure of an uplink
slot may be same as that of the downlink slot.

[0049]  The number of OFDM symbols and the number of subcarriers may vary depending
on the length of a CP, frequency spacing, and the like. For example, in case of a
normal CP, the number of OFDM symbols is 7, and in case of an extended CP, the
number of OFDM symbols is 6. One of 128, 256, 512, 1024, 1536, and 2048 may be
selectively used as the number of subcarriers in one OFDM symbol.

[0050] FIG. 4 shows structure of a downlink subframe. Referring to FIG. 4, a maximum of
three OFDM symbols located in a front portion of a first slot within a subframe
correspond to a control region to be assigned with a control channel. The remaining
OFDM symbols correspond to a data region to be assigned with a physical downlink
shared chancel (PDSCH). Examples of downlink control channels used in the 3GPP
LTE includes a physical control format indicator channel (PCFICH), a physical
downlink control channel (PDCCH), a physical hybrid automatic repeat request
(HARQ) indicator channel (PHICH), etc. The PCFICH is transmitted at a first OFDM
symbol of a subframe and carries information regarding the number of OFDM symbols
used for transmission of control channels within the subframe. The PHICH is a
response of uplink transmission and carries an HARQ acknowledgment
(ACK)/non-acknowledgment (NACK) signal. Control information transmitted through
the PDCCH is referred to as downlink control information (DCI). The DCI includes
uplink or downlink scheduling information or includes an uplink transmit (Tx) power
control command for arbitrary UE groups.

[0051]  The PDCCH may carry a transport format and a resource allocation of a downlink
shared channel (DL-SCH), resource allocation information of an uplink shared channel
(UL-SCH), paging information on a paging channel (PCH), system information on the
DL-SCH, a resource allocation of an upper-layer control message such as a random
access response transmitted on the PDSCH, a set of Tx power control commands on
individual UEs within an arbitrary UE group, a Tx power control command, activation
of a voice over IP (VoIP), etc. A plurality of PDCCHs can be transmitted within a
control region. The UE can monitor the plurality of PDCCHs. The PDCCH is
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transmitted on an aggregation of one or several consecutive control channel elements
(CCEs). The CCE is a logical allocation unit used to provide the PDCCH with a coding
rate based on a state of a radio channel. The CCE corresponds to a plurality of resource
element groups.

A format of the PDCCH and the number of bits of the available PDCCH are de-
termined according to a correlation between the number of CCEs and the coding rate
provided by the CCEs. The BS determines a PDCCH format according to a DCI to be
transmitted to the UE, and attaches a cyclic redundancy check (CRC) to control in-
formation. The CRC is masked with a unique identifier (referred to as a radio network
temporary identifier (RNTI)) according to an owner or usage of the PDCCH. If the
PDCCH is for a specific UE, a unique identifier (e.g., cell-RNTI (C-RNTI)) of the UE
may be masked to the CRC. Alternatively, if the PDCCH is for a paging message, a
paging indicator identifier (e.g., paging-RNTI (P-RNTI)) may be masked to the CRC.
If the PDCCH is for system information (more specifically, a system information block
(SIB) to be described below), a system information identifier and a system information
RNTI (SI-RNTI) may be masked to the CRC. To indicate a random access response
that is a response for transmission of a random access preamble of the UE, a random
access-RNTI (RA-RNTI) may be masked to the CRC.

FIG. 5 shows structure of an uplink subframe. Referring to FIG. 5, an uplink
subframe can be divided in a frequency domain into a control region and a data region.
The control region is allocated with a physical uplink control channel (PUCCH) for
carrying uplink control information. The data region is allocated with a physical uplink
shared channel (PUSCH) for carrying user data. When indicated by a higher layer, the
UE may support a simultaneous transmission of the PUSCH and the PUCCH. The
PUCCH for one UE is allocated to an RB pair in a subframe. RBs belonging to the RB
pair occupy different subcarriers in respective two slots. This is called that the RB pair
allocated to the PUCCH is frequency-hopped in a slot boundary. This is said that the
pair of RBs allocated to the PUCCH is frequency-hopped at the slot boundary. The UE
can obtain a frequency diversity gain by transmitting uplink control information
through different subcarriers according to time.

Uplink control information transmitted on the PUCCH may include a hybrid
automatic repeat request (HARQ) acknowledgement/non-acknowledgement
(ACK/NACK), a channel quality indicator (CQI) indicating the state of a downlink
channel, a scheduling request (SR), and the like.

The PUSCH is mapped to an uplink shared channel (UL-SCH), a transport channel.
Uplink data transmitted on the PUSCH may be a transport block, a data block for the
UL-SCH transmitted during the TTI. The transport block may be user information. Or,
the uplink data may be multiplexed data. The multiplexed data may be data obtained
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by multiplexing the transport block for the UL-SCH and control information. For
example, control information multiplexed to data may include a CQI, a precoding
matrix indicator (PMI), an HARQ, a rank indicator (RI), or the like. Or the uplink data
may include only control information.

Carrier aggregation (CA) is described. It may be referred to Section 5.5 of 3GPP TS
36.300 V11.6.0 (2013-06).

In CA, two or more component carriers (CCs) are aggregated in order to support
wider transmission bandwidths up to 100MHz or more. A UE may simultaneously
receive or transmit on one or multiple CCs depending on its capabilities. A UE with
single timing advance capability for CA can simultaneously receive and/or transmit on
multiple CCs corresponding to multiple serving cells sharing the same timing advance
(multiple serving cells grouped in one timing advance group (TAG)). A UE with
multiple timing advance capability for CA can simultaneously receive and/or transmit
on multiple CCs corresponding to multiple serving cells with different timing advances
(multiple serving cells grouped in multiple TAGs). E-UTRAN ensures that each TAG
contains at least one serving cell. A non-CA capable UE can receive on a single CC
and transmit on a single CC corresponding to one serving cell only (one serving cell in
one TAG).

A serving cell is combination of downlink and optionally uplink resources. That is, a
serving cell may consist of one DL CC and one UL CC. Alternatively, a serving cell
may consist of one DL CC. CA may have a plurality of serving cells. The plurality of
serving cells may consist of one primary serving cell (PCell) and at least one secondary
serving cell (SCell). PUCCH transmission, random access procedure, etc., may be
performed only in the PCell.

FIG. 6 shows an example of a carrier aggregation of 3GPP LTE-A. Referring to FIG.
6, each CC has a bandwidth of 20 MHz, which is a bandwidth of 3GPP LTE. Up to 5
CCs or more may be aggregated, so maximum bandwidth of 100 MHz or more may be
configured.

CA is supported for both contiguous and non-contiguous CCs with each CC limited
to a maximum of 110 RBs in the frequency domain using the Rel-8/9 numerology.

It is possible to configure a UE to aggregate a different number of CCs originating
from the same eNB and of possibly different bandwidths in the UL and the DL. The
number of DL CCs that can be configured depends on the DL aggregation capability of
the UE. The number of UL CCs that can be configured depends on the UL aggregation
capability of the UE. In typical TDD deployments, the number of CCs and the
bandwidth of each CC in UL and DL is the same. A number of TAGs that can be
configured depends on the TAG capability of the UE.

CCs originating from the same eNB need not to provide the same coverage.
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CCs shall be LTE Rel-8/9 compatible. Nevertheless, existing mechanisms (e.g.,
barring) may be used to avoid Rel-8/9 UEs to camp on a CC.

The spacing between center frequencies of contiguously aggregated CCs shall be a
multiple of 300 kHz. This is in order to be compatible with the 100 kHz frequency
raster of Rel-8/9 and at the same time preserve orthogonality of the subcarriers with 15
kHz spacing. Depending on the aggregation scenario, the n x 300 kHz spacing can be
facilitated by insertion of a low number of unused subcarriers between contiguous
CCs.

For TDD CA, the downlink/uplink configuration is identical across component
carriers in the same band and may be the same or different across component carriers
in different bands.

Dual connectivity is described.

FIG. 7 shows an example of dual connectivity to a macro cell and a small cell.
Referring to FIG. 7, the UE is connected to both the macro cell and the small cell. A
macro cell eNB serving the macro cell is the MeNB in dual connectivity, and a small
cell eNB serving the small cell is the SeNB in dual connectivity. The MeNB is an eNB
which terminates at least S1-MME and therefore act as mobility anchor towards the
CN in dual connectivity. If a macro eNB exists, the macro eNB may function as the
MeNB, generally. The SeNB is an eNB providing additional radio resources for the
UE, which is not the MeNB, in dual connectivity. The SeNB may be generally
configured for transmitting best effort (BE) type traffic, while the MeNB may be
generally configured for transmitting other types of traffic such as VolP, streaming
data, or signaling data. In the dual connectivity, the UE may configured with one
carrier group per each eNBin which all the carriers are configured with one PUCCH
carrier where all HARQ-ACK and feedback are transmitted from carriers configured
by one eNB.

The interface between the MeNB and SeNB is called Xn interface. The Xn interface
is assumed to be non-ideal, i.e., the delay in Xn interface could be up to 60ms.

Uplink power control according to the current specification of 3GPP LTE is
described. It may be referred to Section of 5.1 of 3GPP TS 36.213 V11.3.0 (2013-06).

For PUSCH, the transmit power (i)is first scaled by the ratio of the number of

Prsenc
antennas ports with a non-zero PUSCH transmission to the number of configured

antenna ports for the transmission scheme. The resulting scaled power is then split
equally across the antenna ports on which the non-zero PUSCH is transmitted. For

PUCCH or sounding reference signal (SRS), the transmit power 7, (i) O P, . (i) is
split equally across the configured antenna ports for PUCCH or SRS. p

S

RS.C (Z) is the

linear value of Pggg (i).
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Uplink power control for the PUSCH is described. The setting of the UE
transmission power for a PUSCH transmission may be defined as follows. If the UE
transmits PUSCH without a simultaneous PUCCH for the serving cell c, then the UE
transmit power Ppyscp (1) for PUSCH transmission in subframe i for the serving cell ¢
may be given by Equation 1.

<Equation 1>

n JPCMA)(:C (l)v
[10108,, (M 5011 (D) + Py pussean (1) + @, () PL+ Ay () + £.()

If the UE transmits PUSCH simultaneous with PUCCH for the serving cell c, then

the UE transmit power Ppyscy (i) for the PUSCH transmission in subframe i for the

PPUSCH,u (l) =mi

} [dBm]

serving cell c may be given by Equation 2.

<Equation 2>

1010&0 (ﬁCMAX,c (i)._jsPUCCH (7)) > | | | | [dBm]
101og,, (Mpysen (1) + POfPUSCH,c ND+ea, () PL+ ATF,C )+ 1.G)

If the UE is not transmitting PUSCH for the serving cell ¢, for the accumulation of
transmit power control (TPC) command received with DCI format 3/3A for PUSCH,
the UE shall assume that the UE transmit power Ppyscu (1) for the PUSCH transmission

PPL’SCH,C ()= min{

in subframe i for the serving cell ¢ may be computed by Equation 3.

<Equation 3>

PPUSCH,c (l) = min {PCMAX,C (i), POfPUSCH,c (]) +a, (]) : P[‘c + fc(l) } [dBm]
In equations described above, Peyax (i) is the configured UE transmit power in

subframe i for serving cell cand 2, () is the linear value of Peyax (). Pyyecy (1) I8

the linear value of Ppyccy(i) described below. Mpyscn (i) is the bandwidth of the
PUSCH resource assignment expressed in number of resource blocks valid for
subframe iand serving cell c. P pyscu(j) is a parameter composed of the sum of a
component Py nominar_puscuc(j) provided from higher layers for j=0 and / and a
component Pq g puscuc(j) provided by higher layers for j=0 and / for serving cell c. PL
. 1s the downlink pathloss estimate calculated in the UE for serving cell ¢ in dB and
PLc= referenceSignalPower — higher layer filtered reference signal received power
(RSRP), where referenceSignalPower is provided by higher layers and RSRP and the
higher layer filter configuration are defined for the reference serving cell. If serving
cell ¢ belongs to a timing advance group (TAG) containing the primary cell then, for
the uplink of the primary cell, the primary cell is used as the reference serving cell for
determining referenceSignalPower and higher layer filtered RSRP. For the uplink of
the secondary cell, the serving cell configured by the higher layer parameter pathloss-

ReferenceLinking is used as the reference serving cell for determining referenceSig-
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nalPower and higher layer filtered RSRP. If serving cell ¢ belongs to a TAG not
containing the primary cell then serving cell c is used as the reference serving cell for
determining referenceSignalPower and higher layer filtered RSRP.

If the total transmit power of the UE would exceed (i), the UE may scale

P CMAX

A
PPUSCI—L

. (hHfor the serving cell ¢ in subframe i such that Equation 4 is satisfied.

<Equation 4>

Z w(i)- ISPUSCH,c @)= (ISCMAX - ﬁPUCCH (’))

In Equation 4, P, ., . () is the linear value of Ppycci(i), 20 (i) is the linear value
of Ppyscu(i), [)CMAX (i) 1s the linear value of the UE total configured maximum output
power Pcyax in subframe i and w(i) is a scaling factor of 2, ., . (7) for serving cell c
where 0<w(i)<l. In case there is no PUCCH transmission in subframe i, P, ., (/)=0.

If the UE has PUSCH transmission with uplink control information (UCI) on serving
cell j and PUSCH without UCI in any of the remaining serving cells, and the total

transmit power of the UE would exceed 2., . (i), the UE may scale 2, (i) for the

USCIL.C
serving cells without UCI in subframe 1 such that Equation 5 is satisfied.

<Equation 5>

Z w(i)- ﬁPUSCH,c (=< (ﬁcwm( O ]SPUSCH,_; (l))

c#EJ
Prusenc (i) is the PUSCH transmit power for the cell with UCI and w(i) is a scaling
factor of 2, ., . (i) for serving cell ¢ without UCI. In this case, no power scaling is

applied to P,

USCH,

(i) unless ZW(,-) Pousen o () =0 and the total transmit power of the UE

CcE]

still would exceed P

iy (1)- Note that w(i) values are the same across serving cells

when w(i)>0 but for certain serving cells w(i) may be zero.
If the UE has simultaneous PUCCH and PUSCH transmission with UCI on serving
cell j and PUSCH transmission without UCI in any of the remaining serving cells, and

the total transmit power of the UE would exceed £, (i), the UE may obtain
P sen e (i) according to Equation 6.

<Equation 6>

~

Prusesn, =m0 B, 0. (Paia = Proeca )

Z\V(i) : ]SPUSCH,c (= (PCMAX (i)— ]SPUCCH (- ]A)PUSCH,J- (Z))

cEJ
If the UE is configured with multiple TAGs, and if the PUCCH/PUSCH transmission
of the UE on subframe i for a given serving cell in a TAG overlaps some portion of the

first symbol of the PUSCH transmission on subframe i+1 for a different serving cell in
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another TAG, the UE shall adjust its total transmission power to not exceed Peyax on
any overlapped portion.

If the UE is configured with multiple TAGs, and if the PUSCH transmission of the
UE on subframe i for a given serving cell in a TAG overlaps some portion of the first
symbol of the PUCCH transmission on subframe i+1 for a different serving cell in
another TAG, the UE shall adjust its total transmission power to not exceed Peyax on
any overlapped portion.

If the UE is configured with multiple TAGs, and if the SRS transmission of the UE
in a symbol on subframe i for a given serving cell in a TAG overlaps with the PUCCH/
PUSCH transmission on subframe I or subframe i+1 for a different serving cell in the
same or another TAG, the UE shall drop SRS if its total transmission power exceeds P
cmax On any overlapped portion of the symbol.

If the UE is configured with multiple TAGs and more than 2 serving cells, and if the
SRS transmission of the UE in a symbol on subframe i for a given serving cell overlaps
with the SRS transmission on subframe i for a different serving cell(s) and with
PUSCH/PUCCH transmission on subframe i or subframe i+1 for another serving
cell(s), the UE shall drop the SRS transmissions if the total transmission power
exceeds Peuax on any overlapped portion of the symbol.

If the UE is configured with multiple TAGs, the UE shall, when requested by higher
layers, to transmit physical random access channel (PRACH) in a secondary serving
cell in parallel with SRS transmission in a symbol on a subframe of a different serving
cell belonging to a different TAG, drop SRS if the total transmission power exceeds P
cmax ON any overlapped portion in the symbol.

If the UE is configured with multiple TAGs, the UE shall, when requested by higher
layers, to transmit PRACH in a secondary serving cell in parallel with PUSCH/
PUCCH in a different serving cell belonging to a different TAG, adjust the
transmission power of PUSCH/PUCCH so that its total transmission power does not
exceed Pceyax on the overlapped portion.

Uplink power control for the PUCCH is described. If serving cell c is the primary
cell, the setting of the UE transmission power Ppyccy for the PUCCH transmission in
subframe i may be defined by Equation 7.

<Equation 7>

Poviae (), I
P succst + PL 4+ (Ragy Piing M )+ g s (F) + Ay (F )+ g (1)
If the UE is not transmitting PUCCH for the primary cell, for the accumulation of
TPC command received with DCI format 3/3A for PUCCH, the UE shall assume that

the UE transmit power Ppyccy for the PUCCH transmission in subframe i may be

Foseen (l) = min{ [dBm]
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computed by Equation 8.
<Equation 8>

Prceen (1) = min{ Py (0. Py poers + PL, + g (1)} [dBm]

In equations described above, Peyax (i) is the configured UE transmit power in
subframe i for serving cell c. The parameter Ag pyccu(F) 1s provided by higher layers. If
the UE is configured by higher layers to transmit PUCCH on two antenna ports, the
value of Arp(F’) is provided by higher layers. Otherwise, Arp(F’)=0. h(ncoi, Nuarg, Dsr
) is a PUCCH format dependent value, where ncq, corresponds to the number of in-
formation bits for the channel quality information (CQI). ngg=1 if subframe i is
configured for SR for the UE not having any associated transport block for UL-SCH,
otherwise nsg=0=0. P pyccu 18 a parameter composed of the sum of a parameter P
o_nominaL_puccu provided by higher layers and a parameter Py _yg_puccn provided by
higher layers.

Hereinafter, a method for controlling uplink power according to embodiments of the
present invention is described. An embodiment of the present invention may propose
power control aspects when inter-site carrier aggregation and PUCCH offloading is
used for a UE. Inter-site carrier aggregation may be defined as that a UE is configured
with multiple carriers where at least two carriers are associated with separate eNBs
which may be connected by ideal backhaul or non-ideal backhaul. By the PUCCH of-
floading, PUCCH can be transmitted via other cell. For example, PUCCH may also be
transmitted by SCell when PUCCH offloading is applied.

Meanwhile, Uplink sounding reference signals (SRS) may be used by the eNB for es-
timating channel state to support uplink scheduling and link adaptation. The SRS may
also be used in cases that uplink transmission is needed, although there is no data to
transmit such as the case UL timing needs to be aligned. Further, uplink SRS may be
used for downlink channel state estimation with sufficient uplink/downlink reciprocity.

The SRS transmission power may follow transmission power of the PUSCH, com-
pensating for the exact bandwidth of the SRS transmission and with an additional
power offset.

However, the transmission power for SRS needs to be discussed and, hereinafter,
method and apparatus for determining the transmission power for SRS are described.

For the power control for dual connectivity (DC), dropped SRS within a carrier
group (CQG) following CA rules is not considered. Two cases can be considered as
power control modes for dual connectivity. One is for the case that MeNB and SeNB
are synchronous, which can be called as power control mode 1 (PCM1). The other is

for the case that MeNB and SeNB are asynchronous, which can be called as power
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control mode 2 (PCM2). DCM2 is first explained.

In DC, PCM2 (power control mode 2 or asynchronous scenario) can be applied as
below (1) to (4).

(1) In sharing the remaining power across CGs without PRACH in any CG, the
presence of SRS in a subframe of a CG may be not accounted for.

(2) The allocated power may apply throughout the entire subframe regardless of
using shortened PUCCH/PUSCH.

(3) In case subframe i, i+1 of master carrier group (MCG) overlaps with subframe j
of secondary carrier group (SCG), Maximum remaining power towards j of SCG can
be obtained by equation 9.

<Equation 9>

Maximum remaining power towards j of SCG = PCmax — P_MeNB — Remaining
power allocated to subframe 1 of MCG

(4) At SRS transmission, additional power may be allocated by Look-ahead the next
overlapped subframe (if applicable). Alternatively, additional power may not be
allocated if a UE cannot perform look-ahead. If look-ahead is assumed, SRS may be
depriortized over PRACH/PUCCH/PUSCH of the other CG. In other words, if there is
no scheduled PRACH/PUCCH/PUSCH in the other CG or the power which will not be
used by the other CG, the power may be applicable towards SRS only in SRS-
transmission OFDM symbol. In addition, if look-ahead is assumed between SRSs, CG
associated with earlier timing may get the remaining power.

In DC, PCM1 (power control mode 1 or synchronous scenario) can be applied as
below (A) to (C).

(A) In sharing the remaining power across CGs without PRACH in any CG, the
presence of SRS in a subframe of a CG is not accounted for.

(B) The allocated power may apply throughout the entire subframe regardless of
using shortened PUCCH/PUSCH (thus SRS can be use that power)

(C) At SRS transmission, additional power may be allocated by Look-ahead the next
overlapped subframe (if applicable) or by deprioritizing SRS over PRACH/
PUCCH/PUSCH of the other CG. In other words, if there is no scheduled PRACH/
PUCCH/PUSCH in the other CG or the power which will not be used by the other CG,
the power may be applicable towards SRS only in SRS-transmission OFDM symbol.
Further, between SRSs, MCG may get higher priority.

This implies that SRS may be depriortized over other channels of the other CG if
there is any. However, at least, the power used/allocated for non-SRS channel for the
CG can be used for SRS transmission as well.

In DCM2, guaranteed power can be used for SRS, however, remaining power will

not be allocated to SRS just for that unless there is no on-going/scheduled non-SRS
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transmission in the other CG.

[0123]  Alternatively, there are multiple ways of determining power to SRS in PCM2 or
asynchronous scenario as following alternatives 1 to 4.

[0124]  FIG. 8 briefly describes an example of asynchronous case. Referring to FIG. §, at
subframe boundary, channels of MeNB and SeNB are overlapped. SRS is located at a
boundary.

[0125] Allocated power for SeNB, S_MeNB, and allocated power for MeNB and SeNB,

P MeNB + S_eNB are marked in the FIG. 8.

[0126] @ Alternative 1 - subframe boundary power allocation: FIG. 9 briefly describes an
example of determining power to SRS in PCM2. In the example of FIG. 9, power is
allocated at subframe boundary.

[0127]  Referring to FIG. 9, power allocation is performed at the boundary of subframe. For
subframe boundary of MCG, power to PUCCH and SRS on MCG is allocated, and
then, power to PUSCH on SCG is allocated. In other word, power allocation may
perform in order of (1) allocating power to PUCCH and allocating power on SRS of
MCG first, (i1) scaling power for PUSCH of SCG.

[0128]  Thatis, power to SCG can be allocated by scaling the allocated power P_SeNB. For
power to SRS, SRS of MCG may have propriety to SRS of SeNB.

[0129] @ Alternative 2 - channel boundary power allocation: FIG. 10 briefly describes
another example of determining power to SRS in PCM2. In the example of FIG. 10,
power is allocated at channel boundary.

[0130]  Referring to FIG. 10, power allocation may be performed in order of (i) allocating
power to PUCCH of MCG only, (i1) allocating remaining power to SRS of MCG at the
point, (iii) allocating remaining power to SRS of SCG, and (iv) allocating remaining
power to PUSCH on MCG at the point.

[0131] @ Alternative 3 - deprioritizing SRS over other channel: FIG. 11 briefly describes yet
another example of determining power to SRS in PCM2. In the example of FIG. 11,
power is allocated with SRS deprioritized over other channel.

[0132]  Referring to FIG. 11, power allocation may be performed in order of (i) allocating
power to PUCCH of MCG only, (i1) allocating remaining power to SRS of MCG at the
point, (iii) for SRS of SCG, allocating power first to PUSCH of MCG and then
applying remaining power to SRS of SCG, and (iv) allocating remaining power to
PUSCH on MCG at the point.

[0133] @ Alternative 4: FIG. 12 briefly describes yet another example of determining power
to SRS in PCM2.

[0134]  Referring to FIG. 12, power allocation may be performed in order of (i) allocating
power to PUCCH of MCG only without considering SRS on MCG, (ii) allocating
remaining power to SRS of MCG at the point, (iii) for SRS of SCG, allocating power
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first to PUSCH of MCG and then applying remaining power to SCG, and (iv) al-
locating remaining power to PUSCH on MCG at the point. In (iii), in terms of de-
termining remaining power for MCG PUSCH, it may be assumed that the power
allocated to SCG for PUSCH can be maintained till the end of subframe.

For SRS transmission, after allocating the power, if the allocated power to SRS is
larger than Pg,, which is predetermined maximum SRS transmission power, SRS may
be transmitted with Py

If the allocated power to SRS is lower than P, three cases (a) to (b) can be
considered as below.

(a) If the allocated power to SRS is P_xeNB (allocated power to this eNB), SRS may
be transmitted or dropped.

(b) If the allocated power to SRS is greater than P_xeNB, power for SRS may be
scaled to P_xeNB or SRS may be dropped.

(c) If the allocated power to SRS is lower than P_xeNB, SRS transmission may be
dropped

Further, some other alternatives can be considered. For the alternatives, follows may
be included.

A) For the power control for DC, dropped SRS within a CG following CA rules is
not considered.

In DC PCM2, the following A-a) to A-e) may be applied.

A-a) Power limited case in PCM2 means: a UE is requesting more power than
PCmax — PxeNB for the yeNB.

A-b) In terms of allocating remaining power, PUCCH/PUSCH/PRACH is prioritized
over SRS.

A-c) If the allocated power to SRS is larger than the requested power for SRS, SRS
may be transmitted.

A-d) For the case that the allocated power to SRS > P_SeNB, SRS may be
transmitted with allocated power = P_SeNB when allocated power < the requested
power, and SRS may be transmitted with allocated power when allocated power = the
requested power.

A-e) For power limited case, when SRS of a CG is overlapped with PUCCH/
PUSCH/PRACH on the other CG, P_xeNB may be allocated to each SRS

In DC PCM1, the following A-f) to A-g) may be applied.

A-f) P_MeNB/P_SeNB is not applicable to SRS.

A-g) In terms of allocating remaining power, PUCCH/PUSCH/PRACH is prioritized
over SRS.

In case power-limited, the following A-h) to A-k) may be applied.

A-h) If the transmit power of PUCCH/PUSCH/SRS of a CG is equal to or lower than



18

WO 2015/108359 PCT/KR2015/000455

[0153]

[0154]

[0155]
[0156]

[0157]
[0158]
[0159]
[0160]

[0161]
[0162]

[0163]

[0164]

[0165]

[0166]

[0167]

a guaranteed power configured for the CG, the transmit power may be guaranteed.

A-1) Except when it is overlapped with a PRACH in the other CG, the UE is power-
limited.

A-j) Otherwise, for power limited case, when SRS of a CG is overlapped with
PUCCH/PUSCH/PRACH on the other CG, SRS may be dropped. Or, for power
limited case, when SRS is overlapped with SRS on other CG, SRS is dropped in one
CG.

A-k) In DC PCM2, P_SeNB/P_MeNB may be applied towards SRS.

For the case A), the requested power less than P_SeNB (The requested power <
P_SeNB). Otherwise, the used power is equal to P_SeNB (used power = P_SeNB), or
equal to sum of P_SeNB and delta which are less than requested power (used power =
P_SeNB + delta < requested power), or equal to sum of P_SeNB and delta which are
equal to requested power (Used power = P_SeNB + delta = requested power).

B) For Power limited cases, three cases may be considered. Case 1: PUCCH + SRS/
PUCCH + SRS. Case 2: PUCCH + SRS / SRS. Case 3: SRS / SRS.

C) In a power limited case, the following C-a) to C-c) may be applied.

C-a) P_MeNB or P_SeNB is not applicable towards SRS.

C-b) If SRS of a CG is overlapped with PUCCH/PUSCH/PRACH on the other CG,
SRS is dropped.

C-c) If SRS is overlapped with SRS on other CG, SRS is dropped in one CG

D) When DC PC mode 2 is used for PUCCH/PUSCH, UE can look-ahead later
transmission on other CG for SRS handling.

D-a) For power limited case, when SRS is overlapped with PUCCH/
PUSCH/PRACH on other CG, SRS is dropped.

D-b) For power limited case, when SRS is overlapped with SRS on other CG, SRS is
dropped in one CG.

FIG. 13 is a flow chart briefly describing an example of the operation of the UE
according to the present invention(s). Each operation in FIG. 13 may performed by the
UE or a processor in the UE. Following descriptions are provided as the UE performs
the operations for describing easily.

First, a UE may receive signals on a downlink channel (S1310). The signals may be
transmitted from one or more than one of eNB. For example, the signals may be
transmitted from MeNB and/or SeMB under DC circumstance.

The UE may allocate transmission power for uplink channel (S1320). For example,
the UE may allocate power to SRS, CSI, PUCCH, PUSCH, etc. In DC circumstance,
the UE may allocate power based on a predetermined priority between SRS, CSI,
PUCCH, PUSCH as well as MCG and SCG. For example, the UE may allocate

transmission power to PUCCH, allocate transmission power to SRS of MeNB and then
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scales transmission power for SeNB. The UE may allocate transmission power for SRS
of MeNB first and then allocate transmission power for SRS of SeNB later.

In addition, the UE may allocate transmission power differently depending on
whether the MeNB and the SeNB are synchronous or not. For example, the UE may
allocate allocated for SRS at boundary of subframe when the MeNB and SeNB are
asynchronous. The UE may also allocate transmission power for SRS of the MeNB
with higher priority than SRS of the SeNB when the MeNB and the SeNB are syn-
chronous. The UE may also allocate transmission power on SRS with lower priority
than transmission power on CSI when the MeNB and the SeNB are synchronous.

The details of power allocation and determination are same as described before.

The UE may transmitting signals with allocated transmission power (S1330). The
signals may includes SRS, CSI, etc. The UE may transmit signals to MeNB and/or
SeNB which may be configured with dual connectivity.

FIG. 14 is a block diagram which briefly describes a wireless communication system
including an UE 1400 and a BS (eNB) 1440. The UE 1400 and the BS 1440 may
operate based on the description as explained above.

In view of downlink, a transmitter may be a part of the BS 1440 and a receiver may
be a part of the UE 1400. In view of uplink, a transmitter may be a part of the UE 1400
and a receiver may be a part of the BS 1440.

Referring to FIG. 14, the UE 1400 may include a processor 1410, a radio frequency
(RF) unit 1420, and a memory 1430.

The processor 1410 may be configured to implement proposed procedures and/or
methods described in this application. For example, the processor 1410 operatively
coupled to the RF unit 1420 and the memory 1430. The processor 1410 is configured
for transmitting/receiving signals via the RF unit 1420 based on a scheduling for UL
and/or DL.

For example, the processor 1410 may allocate power to SRS, CSI, PUCCH, PUSCH,
etc. In DC circumstance, the processor 1410 may allocate power based on a prede-
termined priority between SRS, CSI, PUCCH, PUSCH as well as MCG and SCG. For
example, the processor 1410 may allocate transmission power to PUCCH, allocate
transmission power to SRS of MeNB and then scales transmission power for SeNB.
The processor 1410 may allocate transmission power for SRS of MeNB first and then
allocate transmission power for SRS of SeNB later.

In addition, the processor 1410 may allocate transmission power differently
depending on whether the MeNB and the SeNB are synchronous or not. For example,
the processor 1410 may allocate allocated for SRS at boundary of subframe when the
MeNB and SeNB are asynchronous. The processor 1410 may also allocate
transmission power for SRS of the MeNB with higher priority than SRS of the SeNB
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when the MeNB and the SeNB are synchronous. The processor 1410 may also allocate
transmission power on SRS with lower priority than transmission power on CSI when
the MeNB and the SeNB are synchronous.

The RF unit 1420 may transmit and receive a radio signal with transmission power
allocated by the processor 1410. The RF unit 1420 receives a signal on a downlink
channel in dual connectivity with master eNB (MeNB) and secondary eNB (SeNB).

The memory 1430 is coupled with the processor 1410 and stores a variety of in-
formation to operate the processor 1410.

The details on the operation of processor 1410, RF unit 1420, memory 1430 are same
as describe before.

The BS 1440 may include a processor 1450, a radio frequency (RF) unit 1460, and a
memory 1470.

The processor 1450 may be configured to implement proposed procedures and/or
methods described in this application. For example, the processor 1450 operatively
coupled to the RF unit 1460 and the memory 1470. The processor 1450 is configured
for transmitting/receiving signals via the RF unit 1460 based on a scheduling for UL
and/or DL.

The processor 1450 may schedule UL and/or DL with received signal such as SRS,
CSI, etc. The transmission power for the SRS and/or CSI may have been allocated
based on a predetermined priority between SRS, CSI, PUCCH, PUSCH as well as
MCG and SCG by the UE 1400. Explains on this was provided before.

The RF unit 1460 may transmit and receive a radio signal, wherein transmission
power for the received radio signal was allocated by the UE 1400 as explained. The RF
unit 1460 receives a signal on a downlink channel in dual connectivity.

The memory 1470 is coupled with the processor 1450 and stores a variety of in-
formation to operate the processor 1450.

In the above exemplary systems, although the methods have been described on the
basis of the flowcharts using a series of the steps or blocks, the present invention is not
limited to the sequence of the steps, and some of the steps may be performed at
different sequences from the remaining steps or may be performed simultaneously with
the remaining steps.

Furthermore, the above-described embodiments include various aspects of examples.
Accordingly, the present invention should be construed to include all other al-
ternations, modifications, and changes which fall within the scope of the claims.

In the description regarding the present invention, when it is said that one element is
"connected" or "coupled"” to the other element, the one element may be directly
connected or coupled to the other element, but it should be understood that a third

element may exist between the two elements. In contrast, when it is said that one
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element is "directly connected" or "directly coupled” to the other element, it should be

understood that a third element does not exist between the two elements.
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Claims

A method of controlling uplink transmission power, by a user
equipment, in wireless communication system, the method comprising:
receiving a signal on a downlink channel in dual connectivity with
master eNB (MeNB) and secondary eNB (SeNB);

allocating transmission power for sounding reference signals (SRS);
and

transmitting SRS to the MeNB and SeNB based on the allocated
transmission power.

The method of claim 1, wherein the transmission power is allocated for
SRS at boundary of subframe when the MeNB and SeNB are asyn-
chronous.

The method of claim 2, wherein the step of allocating transmission
power for SRS includes allocating transmission power to PUCCH; al-
locating transmission power to SRS of MeNB; and scaling transmission
power for SeNB.

The method of claim 2, wherein transmission power for SRS of MeNB
is allocated first and then transmission power for SRS of SeNB is
allocated later.

The method of claim 1, wherein transmission power for SRS of the
MeNB is allocated with higher priority than SRS of the SeNB when the
MeNB and the SeNB are synchronous.

The method of claim 1, wherein transmission power on SRS is
allocated with lower priority than transmission power on channel state
information when the MeNB and the SeNB are synchronous.

An apparatus of controlling uplink transmission power, the apparatus
comprising:

a radio frequency (RF) unit for transmitting and receiving a radio
signal, wherein the radio signal includes information on transmission
power which indicates a power control mode; and

a processor operatively coupled to the RF unit, wherein the processor is
configured for transmitting signals via the RF unit based on a
scheduling for UL and/or downlink (DL),

wherein the RF unit receives a signal on a downlink channel in dual
connectivity with master eNB (MeNB) and secondary eNB (SeNB),
and

wherein the processor allocates transmission power for sounding
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[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]

[Claim 12]
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reference signals (SRS) and transmits SRS for the MeNB and the SeNB
with the allocated transmission power via the RF unit.

The apparatus of claim 7, wherein the processor allocates the
transmission power for SRS at boundary of subframe when the MeNB
and SeNB are asynchronous.

The apparatus of claim 8, wherein the processor allocates transmission
power to PUCCH, allocates transmission power to SRS of MeNB and
then scales transmission power for SeNB.

The apparatus of claim 8, wherein the processor allocates transmission
power for SRS of MeNB first and then allocates transmission power for
SRS of SeNB.

The apparatus of claim 7, wherein the processor allocates transmission
power to SRS for the MeNB with higher priority than SRS for the
SeNB when the MeNB and the SeNB are synchronous.

The apparatus of claim 7, wherein the processor allocates transmission
power on SRS with lower priority than channel state information (CSI)
when the MeNB and the SeNB are synchronous.
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[Fig. 5]
.
CONTROL _ m=1 m=0
REGION o3 -
>
DATA
REGION <
>
CONTROL ) m=2 m=3
REGION \ =0 1
_ FIRSTSLOT SECOND SLOT _
SUBFRAME
FREQUENCY
TIME
[Fig. 6]

Component Carrier

Lo

20 20 20 20 20
MHz | MHz | MHz | MHz | MHz

- S/
'

5 Component carriers—100 MHz




5/11

WO 2015/108359 PCT/KR2015/000455
[Fig. 7]

Dual Connectivity

~——

Non-ideal Small Cell
Macro Cell backhaul



6/11

PCT/KR2015/000455

WO 2015/108359

[Fig. 8]

025 HOSNd
gNoS'd  ee——— A
OOIN HOSNd HODNd
dNoS d+dNSIN d %
XVIND4 a
SYS

19Mmod



7/11

PCT/KR2015/000455

WO 2015/108359

[Fig. 9]

aN>S d

aNSS d+daNSI d
XYIND 4

DS UO HDSNd UO 3|BdS I8MOd -

1541y DDA 0} Jamod SYS + HDDNd ded0|je -
(uonedo|y Jamod Alepunog-swengns) THY

90S

HOSNd

90N

HOSNd

H2ONd

SYS

Jomod



8/11

PCT/KR2015/000455

WO 2015/108359

[Fig. 10]

daNesS d

aNoS d+dNaIN d
XVIAD

iod ayl 1 DN UO HOSNd 01 1omod Buluiewas ajedo||e
iod ayy e Jamod bulurewas a3ed0|je ‘DS JO SYS 404
Julod ay3 1e Jamod Buluiewas 93ed0|e ‘DI JO SYS 404

Aluo 9O 03 HDDONJ 81ed0|je
(Uuonedo||y Jamod Aiepunogq -jpuueyd) zZyv

905 HOSNd

OON HODNd
HOSNd

SdS

1amod



PCT/KR2015/000455

9/11

WO 2015/108359

[Fig. 11]

juiod ay1 1 DHN U0 HOSN 01 Jomod bululewads a1edo|e -
DS 03 Jomod buiuiews. ayy A|dde uayy

'DDIN JO HDSNd ©1 1841 Jemod 8y} 81eD0][e ‘DDS JO SYS 404 -
iod sy e samod bulurewals a3e30(je 'O 4O SYS 404 -

Aluo DD 03 HODNd @1ed0||e -
(s|puueyd 19Ylo J9A0 S¥S dzinoudaq) YV

90S HOSNd

aNes d

1omod

90N HOSNd HODONd

dN°S d+dN°IN d
XVIND

SdS



10/11

PCT/KR2015/000455

WO 2015/108359

[Fig. 12]

juiod 3y} 18 DO U0 HISNd 03 Jamod bBujuiewsas syedoje -

(Sweqgns Jo pus ay} |1} pauUIBIUIRW SI HISNd 10} DS 0} pajedo|je

Jamod 3y} awnsse "HIHSNd DI Jof samod Buluiewss buiwisisp Jo swisl ul) 9IS 03 Jamod
Bulurewa. ayy Aidde usyy ‘DI JO HISN 01 IS11} Jamod a3 81eI0|[e ‘DS JO SYS 104 -
juiod ay3 Je semod Buiuiews. 23e20|e ‘DI JO SYS 404 -

D) U0 SYS Buliapisuod 1noyjm Ajuo 5 03 HOJNJ Lo Jemod a1ed0)je -

(lesodoud) Ay
925 HOSNd
aNaS d Z
DONW HOONd
_ _ HOSNd
NS d+dN3IN d
XVIND
SYS

1amod



WO 2015/108359

[Fig. 13]

receiving

signals

11/11

\

i

allocating transmission power

\

I

transmitting signals

[Fig. 14]
145)0
14110 14220
PROCESSOR I— RF UNIT

1430

MEMORY I

PCT/KR2015/000455
——>S1310
——S51320
——S51330
1440
e
T T 14{60 1450
RF UNIT PROCESSOR
1470
MEMORY




INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2015/000455

A. CLASSIFICATION OF SUBJECT MATTER
HO04W 52/14(2009.01)i, HO4W 72/04(2009.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO4W 52/14; HO4W 88/02; HO4W 52/36; HO4W 72/04

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: dual connectivity, power control, SRS, uplink

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y 3GPP R2-133945, "Uplink transmission power management and PHR reporting for 1-12
dual conmnectivity", Panasonic, 3GPP TSG-RAN WG2 Meeting #84, 11-15 November
2013

See the whole document .

Y KR 10-2011-0133448 A (LG ELECTRONICS INC.) 12 December 2011 1-12
See abstract; paragraphs [0017]-[0020],[0121]-[0123],[0213]1-[0238];
claims 13,16,17,20 and figure 8.

Y 3GPP R2-134048, "Management of UE Transmit Power in Dual Connectivity", 1-12
LG Electronics Inc., 3GPP TSG-RAN WG2 Meeting #84, 11-15 November 2013
See the whole document .

A 3GPP R2-131849, "UL transmission of dual connectivity", Renesas Mobile 1-12
Europe, 3GPP TSG-RAN WG2 Meeting #82, 20-24 May 2013
See the whole document .

. . . . N .
|:| Further documents are listed in the contination of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination

means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report

08 April 2015 (08.04.2015) 08 April 2015 (08.04.2015)
Name and mailing address of the ISA/KR Authorized officer
International Application Division
+ Korean Intellectual Property Office
g
189 Cheongsa-1o, Seo-gu, Dagjeon Metropolitan City, 302-701, HWANG, Wooncheol
= Republic of Korea

Facsimile No. ++82 42472 7140 Telephone No. +82-42-481-5985

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/KR2015/000455

Patent document Publication Patent family Publication

cited in search report date member(s) date

KR 10-2011-0133448 A 12/12/2011 CN 102934382 A 13/02/2013
EP 2579490 A2 10/04/2013
JP 2013-530644 A 25/07/2013
US 2013-0078913 Al 28/03/2013
WO 2011-152685 A2 08/12/2011
WO 2011-152685 A3 22/03/2012

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - wo-search-report
	Page 37 - wo-search-report

