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Description

Title of Invention: METHOD AND APPARATUS FOR COMMU-
NICATION USING A PLURALTIY OF CELLS IN A WIRELESS

[1]

[2]

[3]

[4]

[5]

COMMUNICATION SYSTEM.
Technical Field

The present invention relates to method and apparatus for communication using a
plurality of cells in a wireless communication network. Also, the present invention
relates to method and apparatus for communication using multi input and multi output

(MIMO) in a wireless communication network.

Background Art

Mobile communication systems were developed to provide mobile users with com-
munication services. With the rapid advance of technologies, the mobile commu-
nication systems have evolved to the level capable of providing high speed data com-
munication service beyond the early voice-oriented services.

Recently, standardization for a Long Term Evolution Advanced (LTE-A) evolved
from LTE, as one of the next-generation mobile communication systems, is underway
in the 3rd Generation Partnership Project (3GPP). The term ‘LTE system’ as used
herein may be construed to include the legacy LTE system and the LTE-A system. In
order to improve the performance of such systems, discussions are being held on a
variety of schemes. The discussion on the Multiple-Input Multiple-Output (MIMO) is
also continued. MIMO is a technology to improve transmission efficiency by

transmitting data using a plurality of antennas.
Disclosure of Invention

Technical Problem

The present invention aims to provide an improved communication method and
apparatus using a plurality of cells in a wireless communication system. Also, the
present invention aims to provide a MIMO communication method and apparatus
using a plurality of cells in a wireless communication system.
Solution to Problem

In accordance with an aspect of the present invention, a cell configuration method of
a base station in a mobile communication system supporting Carrier Aggregation (CA)
is provided. The base station includes a communication unit configured to transmit and
receive signals and a control unit configured to control transmitting configuration in-
formation for a first cell to a terminal, transmitting configuration information for a

second cell to the terminal and communicating with the terminal via the first cell and
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the second cell, wherein at least one of the first and second cells is set same Physical

Cell Identifier “PCID”.
In accordance with another aspect of the present invention, a base station for cell

configuration in a mobile communication system supporting Carrier Aggregation (CA)
is provided. The base station includes a communication unit configured to transmit and
receive signals and a control unit configured to control transmitting configuration in-
formation for a first cell to a terminal, transmitting configuration information for a
second cell to the terminal and communicating with the terminal via the first cell and
the second cell, wherein at least one of the first and second cells is set same Physical
Cell Identifier “PCID”

In accordance with another aspect of the present invention, a cell configuration
method of a terminal in a mobile communication system supporting carrier aggregation
(CA) is provided. The cell configuration method includes receiving configuration in-
formation for a first cell, receiving configuration information for a second cell and
communicating via the first and second cells, wherein at least one of the first and
second cells is set same Physical Cell Identifier “PCID”.

In accordance with still another aspect of the present invention, a terminal for cell
configuration in the mobile communication supporting carrier aggregation (CA) is
provided. The terminal includes a communication unit configured to transmit and
receive signals and a control unit configured to control receiving configuration in-
formation for a first cell, receiving configuration information for a second cell and
communicating via the first and second cells, wherein at least one of the first and
second cells is set same Physical Cell Identifier “PCID” .

Other aspects, advantages, and salient features of the invention will become apparent
to those skilled in the art from the following detailed description, which, taken in con-
junction with the annexed drawings, discloses exemplary embodiments of the

invention.

Advantageous Effects of Invention

In accordance with a present invention, it is possible to select a combination of the
primary cell (PCell) and secondary cell (SCell) that is capable of providing the UE
with the data service optimally depending on at least one of the UE mobility and
location and load conditions of the respective cells. Even when the UE is located at a
cell edge, it is possible achieve high modulation order and evenly high data rate
through MIMO transmission on the component carrier (CC) composed of the cells
allocated the same PCID.

Brief Description of Drawings

The above and other aspects, features, and advantages of certain exemplary em-
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bodiments of the present invention will be more apparent from the following de-

scription taken in conjunction with the accompanying drawings, in which:
FIG. 1 is a diagram illustrating an architecture of a Long Term Evolution (LTE)

system according to an exemplary embodiment of the present invention;

FIG. 2 is a diagram illustrating a protocol stack of an LTE system according to an
exemplary embodiment of the present invention;

FIG. 3 is a diagram illustrating an exemplary situation of carrier aggregation in an
LTE system according to an exemplary embodiment of the present invention;

FIG. 4 is a diagram illustrating cells of 3 sector antenna-based site supporting carrier
aggregation technologys;

FIG. 5 is a diagram illustrating an exemplary network environment having network
entities operating on primary and secondary carriers at different locations in a system
according to an exemplary embodiment of the present invention;

FIG. 6 is a diagram illustrating cellular a configuration with one CC made up of cells
with same PCID and another CC made up of cells with different PCID;

FIG. 7 is a signaling diagram CA technology proposed for use in normal LTE mobile
communication system;

Fig. 8 is a signaling diagram signaling for PCell change according to the present
invention;

Fig. 9 is a flowchart illustrating a procedure for configuring PCell/SCell according to
the present invention.

Fig. 10 is a flowchart illustrating a procedure for changing PCell/SCell according to
the present invention.

FIG. 11 is a block diagram illustrating a configuration of an eNB according to an
exemplary embodiment of the present invention.

FIG. 12 is a block diagram illustrating a configuration of a UE according to an
exemplary embodiment of the present invention; and

Throughout the drawings, it should be noted that like reference numbers are used to
depict the same or similar elements, features, and structures.

Mode for the Invention

The following description with reference to the accompanying drawings is provided
to assist in a comprehensive understanding of exemplary embodiments of the invention
as defined by the claims and their equivalents. It includes various specific details to
assist in that understanding but these are to be regarded as merely exemplary. Ac-
cordingly, those of ordinary skill in the art will recognize that various changes and
modifications of the embodiments described herein can be made without departing

from the scope of the invention. In addition, descriptions of well-known functions and
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constructions may be omitted for clarity and conciseness.

The terms and words used in the following description and claims are not limited to
the bibliographical meanings, but, are merely used by the inventor to enable a clear and
consistent understanding of the invention. Accordingly, it should be apparent to those
skilled in the art that the following description of exemplary embodiments of the
present invention is provided for illustration purpose only and not for the purpose of
limiting the invention.

9 <o

It is to be understood that the singular forms “a,” “an,” and “the” include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to
“a component surface” includes reference to one or more of such surfaces.

The present invention relates to method and apparatus for communication using a
plurality of cells in a wireless communication network. Also, the present invention
relates to method and apparatus for communication using multi input and multi output
(MIMO) in a wireless communication network.

The present invention relates to a method and an apparatus for a carrier aggregation-
based MIMO transmission in a multi-cell aggregation-enabled radio communication
system. Also, the present invention relates to a method and an apparatus of a radio
reception device for a carrier aggregation-based MIMO reception in a multi-cell carrier
aggregation-enabled radio communication system.

The MIMO transmission is implemented with MIMO transmission/reception con-
figuration between multiple cells and UEs and, in the case, the multiple cells may be
the transmission devices using the same physical cell identification (PCID). The
transmission devices may be a base station or an eNB (evolved node B).

Embodiment of the present invention relates to configuring a system supporting
carrier aggregation technology, utilizing feedback information from the UE, con-
figuring PCell and SCell of the UE to achieve the desired target throughput, and
scheduling UEs for data service.

In an embodiment of the present invention, the service coverage of a base station is
split into three sectors, each operating as a cell. That is, one sector can be assumed as
one cell, and one Component Carrier (CC) can be split for three sectors, i.e. three cells.
The base station performs MIMO transmission in downlink to the terminal using
sector-specific antennas. At this time, each sector is assigned at least one antenna, and
the sectors may have the same or different numbers of antennas. In the following de-
scription, the sectors operating on the CC are referred to as cells. Also, the term ‘cell’
and ‘CC’ may be used interchangeably in the same meaning.

Although the embodiments of the present invention are directed to the case where
one CC consists of three sectors, the number of sectors per CC is not limited thereto.

The sector may be selected based on the directivity of propagation or beamforming.
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Also, the sector-specific antennas are capable of performing MIMO transmission.

In an embodiment of the present invention, when the base station supports Carrier
Aggregation (CA) for use of multiple CCs, the same PCID may be allocated to at least
one CC. Even in the case of using the inter-base station CA, the same PCID may be

allocated to at least one CC.

FIG. 1 is a diagram illustrating an architecture of a Long Term Evolution (LTE)
system according to an exemplary embodiment of the present invention.

Referring to FIG. 1, the radio access network of the mobile communication system
includes evolved Node Bs (eNBs) 105, 110, 115, and 120, a Mobility Management
Entity (MME) 125, and a Serving-Gateway (S-GW) 130. The User Equipment (UE)
135 connects to an external network via eNBs 105, 110, 115, and 120 and the S-GW
130.

In FIG. 1, the eNBs 105, 110, 115, and 120 correspond to legacy node Bs of a
Universal Mobile Communications System (UMTS). The eNBs 105, 110, 115, and 120
allow the UE to establish a radio link and are responsible for complicated functions as
compared to a legacy node B. In an LTE system, all the user traffic including real time
services such as Voice over Internet Protocol (VoIP) are provided through a shared
channel. Thus, there is a need for an eNB which includes a unit for scheduling data
based on state information such as UE buffer conditions, power headroom state, and
channel state. Typically, one eNB controls a plurality of cells. In order to secure a data
rate of up to 100Mbps, the LTE system adopts Orthogonal Frequency Division Mul-
tiplexing (OFDM) as a radio access technology. Also, the LTE system adopts Adaptive
Modulation and Coding (AMC) to determine the modulation scheme and channel
coding rate in adaptation to the channel condition of the UE. The S-GW 130 is an
entity to provide data bearers so as to establish and release data bearers under the
control of the MME 125. MME 125 is responsible for various control functions and is
connected to a plurality of eNBs 105, 110, 115, and 120.

FIG. 2 is a diagram illustrating a protocol stack of an LTE system according to an
exemplary embodiment of the present invention.

Referring to FIG. 2, the protocol stack of the LTE system includes Packet Data Con-
vergence Protocol (PDCP) 205 and 240, Radio Link Control (RLC) 210 and 235,
Medium Access Control (MAC) 215 and 230, and Physical (PHY) 220 and 225. The
PDCP 205 and 240 is responsible for IP header compression/decompression, and the
RLC 210 and 235 is responsible for segmenting the PDCP Protocol Data Unit (PDU)
into segments of appropriate size for Automatic Repeat Request (ARQ) operation.
ARQ is a technique for determining whether the packet transmitted by the transmitter

is received by the receiver successfully and for retransmitting the packets which were
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received erroneously. The MAC 215 and 230 is responsible for establishing connection
to a plurality of RLC entities so as to multiplex RLC PDUs into MAC PDUs and de-
multiplex the MAC PDUs into RLC PDUs. The PHY 220 and 225 performs channel
coding on the MAC PDU and modulates the MAC PDU into OFDM symbols to
transmit over radio channel or performs demodulating and channel-decoding on the
received OFDM symbols and delivers the decoded data to the higher layer. Also, the
PHY layer uses Hybrid ARQ (HARQ) for additional error correction by transmitting 1
bit information indicating for positive or negative acknowledgement from the receiver
to the transmitter. The 1 bit corresponding to a positive acknowledgement a negative
acknowledgement indicator is referred to as HARQ ACK/NACK information. The
downlink HARQ ACK/NACK corresponding to uplink transmission is transmitted
through a Physical Hybrid-ARQ Indicator Channel (PHICH), and the uplink HARQ
ACK/NACK is transmitted through a Physical Uplink Control Channel (PUCCH) or
Physical Uplink Shared Channel (PUSCH).

FIG. 3 is a diagram illustrating an exemplary situation of carrier aggregation in an
LTE system according to an exemplary embodiment of the present invention.

Referring to FIG. 3, typically an eNB can use multiple carriers transmitted and
receive in different frequency bands. For example, the eNB 305 can be configured to
use the carrier 315 with center frequency f1 and the carrier 310 with center frequency
3. If carrier aggregation is not supported, the UE 330 has to transmit/receive data
using one of the carriers 310 and 315. However, if carrier aggregation is supported,
then the UE 330 having the carrier aggregation capability can transmit/receive data
using both the carriers 310 and 315. The eNB 305 can increase the amount of the
resource to be allocated to the UE having the carrier aggregation capability in
adaptation to the channel condition of the UE so as to improve the data rate of the UE.

By taking notice that a cell is configured with one downlink carrier and one uplink
carrier in a conventional communication system, the carrier aggregation can be un-
derstood as if the UE communicates data via multiple cells. With the use of carrier ag-
gregation, the maximum data rate increases in proportion to the number of aggregated
carriers.

In the following description, the phrase “the UE receives data through a certain
downlink carrier or transmits data through a certain uplink carrier” corresponds to
transmission or reception data through control and data channels provided in a cell cor-
responding to center frequencies and frequency bands of the downlink and uplink
carriers. Although the description is directed to an LTE mobile communication system
for explanation convenience, exemplary embodiments of the present invention can be
applied to other types of wireless communication systems supporting carrier ag-

gregation.
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FIG. 4 is a diagram illustrating cells of 3 sector antenna-based site supporting carrier
aggregation technology. FIG. 5 is a diagram illustrating an exemplary network en-
vironment having network entities operating on primary and secondary carriers at
different locations in a system according to an exemplary embodiment of the present
invention supporting carrier aggregation.

Referring to FIG. 4 and FIG. 5, In order to receive a data service, a mobile commu-
nication system terminal, e.g. LTE UE, has association relationship with a base station
providing the data service based on its transmission signal power and quality or the cell
identified by PCID. The cell may determine the MIMO supportability of the UE based
on the received channel condition and feedback information from the UE.

In the case of the UE supporting the carrier aggregation, it is possible to receive
multiple data streams on different frequencies simultaneously. Logically, the carrier
aggregation makes it possible to increase the peak data rate in proportion to the
increase of the frequency BW(bandwidth).

Assuming that there are two cell sites supporting aggregation of at least two fre-
quencies (e.g. CC#1 and CC#2) and each cell site is composed of 3 sector antennas
(e.g. antennas A, B, and C), the best UE reception performance areas of each cell are
formed by respective antenna boresight directions as indicated by the arrows as shown
in FIG. 4.

In the system in which the adjacent cells reuse the same frequency for radio commu-
nication with the UEs such as LTE system, the cell-specific ID is used for decoding
signals between the cell and the UE and thus the neighboring cells are allocated
different IDs. In the case of LTE, such a cell-specific ID is referred to as Physical Cell
ID (PCID) and, in FIG. 4, the sector antennas A, B, and C are identified by different
PCIDs. In this case, the cells operating on the different frequencies CC#1 and CC#2
can be configured as shown in FIG. 5.

In the case of using the carrier aggregation technology, it is possible to configure the
primary cell (PCell) and secondary cells (SCells) in various combinations with the
exception of the cases restricted in the LTE standard. Because of the technical charac-
teristics of transmission on multiple frequencies to a single UE, the data has to be
transmitted through identical RLC entity (traffic buffer).

In Rel. 12, although it is possible to perform the carrier aggregation transmission
using the Non-ideal Backhaul and separate RLC entities, this requires splitting RLC
entities. The splitting of RLC entities requires designing separate operations on how to
split the transmission traffics in association with the split multiple RLC entities and,
furthermore, it is difficult to share information among the split multiple RLC entities,

resulting in restriction in improving the real time transmission efficiency.
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Although it is possible to increase the data amount transmitted at a time by widening
the Tx BW with the carrier aggregation technique or increasing the number of streams
for transmission to the UE through MIMO transmission. However the MIMO
transmission may be restricted depending on the reception channel condition of the
UE.

In the multi-cell environment, if the multiple cells transmit the data to the UE simul-
taneously, the signals transmitted by the respective cells interfere with each other and
thus the UE. In particularly a UE located at the cell edge, receives signal at a low
signal level, resulting in restriction of MIMO transmission.

In the case of using the carrier aggregation technology, if multiple frequencies form
different cell coverage areas, it is possible to select the best frequency to transmit data;
but if there is no large difference in size between the coverage areas as in the case of
using the same antenna, their cell edge areas with low signal level are similar each
other too.

In this case, inter-sector interference may occur on the same CC. Since the sectors
belonging to the same CC use the same frequency band, the signals of the different
sectors may interfere with one another. The interference is likely to be significant at
the sector boundary. Since the sector-specific antennas transmit different signals, the
signal transmitted by the antenna of a sector may become interference to certain UEs
although it is a desired signal to the target UE. At the sector boundary, the UE is
closest to another sector and thus likely to receive the signal transmitted by the
antennas of the neighboring sector which acts as interference. The terms “sector
boundary” and “cell boundary” are used in similar meanings.

In the case that the interference is significant, the MIMO transmission may be re-
stricted. In the good channel condition (determined based on SNR or SINR), it is
possible to increase the data rate through MIMO transmission with a plurality of data
streams. In an interference vulnerable channel condition, however, the MIMO
transmission is restricted. In this case, it is more efficient to use a strong single data
stream and, if using MIMO transmission, MIMO multiplexing transmission other than
MIMO diversity transmission. This means that the cell edge UE is limited in data rate.
The present invention deals with a PCell and SCell configuration and signal
transmission method that is capable of guaranteeing a predetermined data reception
rate independently of the cell edge area which is implemented in such a way that
multiple cells participated in MIMO transmission to a UE located at the cell edge in

the carrier aggregation environment so as to achieve high reception data rate at the UE.

FIG. 6 is a diagram illustrating cellular a configuration with one CC made up of cells
with same PCID and another CC made up of cells with different PCID.
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Referring to FIG. 6, embodiment of the present invention is directed to the system
supporting carrier aggregation technology. In order to make it possible to perform
MIMO transmission for a UE located at the cell edge, the system is configured as
shown in FIG. 6. Unlike the system in FIG. 5, the cells operating on the same
frequency are aggregated with the same PCID.

The present invention is characterized in that the PCID allocation is made differently
per CC in the system supporting the carrier aggregation technology. That is, one CC is
formed with the cells allocated the same PCID, while another CC is formed with the
cells allocated different PCIDs in the system supporting the carrier aggregation
technology. In the case that there are three or more carriers that can be aggregated, at
least one CC formed with same PCID cells and at least one CC formed with different
PCID cells have to be configured. That is, if there are three frequencies (i.e. CC#1,
CC#2, and CC#3), {number of CCs formed with same PCID, number of CCs formed
with different PCID } has to be {1,2} or {2,1}. In the following embodiment, CC#1
and CC#2 are carrier aggregated, CC#1 is formed with the same PCID cells, and CC#2
is formed with the different PCID cells. The method for use on the CC1# supporting
downlink MIMO transmission to the UE through the antennas of multiple cells may be
supported through the a CC formed with different PCID cells.

Through this configuration, it is possible to perform frequency-specific transmission
with different signal qualities to the UE located at a location. In the case that the UE is
located at the boundary between antennas A and B in FIG 6, the number of signal
streams receivable and modulation order at the UE is limited due to the interference in
view of the CC#2. From the viewpoint of CC#1, however, it is possible to expect the
effect in which the antennas A and B transmit the signal to the UE as if in the same
cell, and thus high modulation order and multi-stream transmission. By aggregating the
two frequencies in this way, the UE can receive the signal at a high data rate evenly
anywhere within the entire coverage area.

Like CC#1 configured with a single PCID, it is possible to improve the data rate for a
mobile or cell edge UE using the proposed MIMO transmission. In the conventional
CC configuration with three sectors, it is possible to serve three UEs simultaneously
but, if the same PCID is allocated to the sectors like CC#1, it is impossible to serve
multiple UEs simultaneously. If the CA technique is applied as proposed in an em-
bodiment of the present invention, it is possible to increase the data rate for the mobile
or cell edge UE through the cells allocated the same PCID like CC#1 while com-
pensating for the shortcoming caused by PCID fixation using the cells allocated
different PCIDs like CC#2. The CA-enabled UE has to configure PCell and SCell. De-
scriptions are made of the method of configuring PCell and/or SCell per CC and

changing CC and configuration timing in detail hereinafter.
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Embodiment of the present invention, in order to determine whether to receive the
signal through at least two cells of CCs and to select the primary cell (PCell) for the
carrier aggregation, the base station may use the position information and mobility in-
formation of the UE. The location of the UE is determined based on the qualities of the
signals received from the respective cells other than using its geographical location.
The received signal strength at the UE is determined based on the signal strength
informing of relative distances from the cells as well as the channel quality information
(Channel Status Information) feedback including the neighbor cell interference in-
formation). It may be the RSRPs from the respective cells which the UE measures as
defined in LTE. In the case of CC#1, since the multiple cells use the same PCID, the
UE may not measure the RSRP in the legacy Rel. 11 standard. In this case, the SRS
transmitted by the UE in uplink may be used.

According to present invention, it is possible to accomplish the MIMO transmission
to the UE located at a cell edge in such a way of transmitting different data through
multiple cells. In this case, it is possible to perform the MIMO transmission using the
number of antennas of each cell or the sum of antennas of the multiple cells. It is also
possible to increase the reception performance in such a way of transmitting the same
signal through two cells which operate in MIMO transmission mode independently.

PCell or SCell of UE is determined based on at least one of mobility, control channel
usage amount, uplink resource usage amount, handover command, and load.

A mobility of the UE may be determined based on the change in feedback or location
information of the UE. The information for use in determining mobility may include
Reference Signal Received Power (RSRP), Channel Quality Information (CQI), and
mobility status information. The eNB may predict the UE mobility based on the RSRP
or CQI transmitted by the UE. The RSRP can be used to estimate the distance from a
neighbor cell or sector and movement in the serving cell. It is advantageous to
configure the PCell of the mobile or cell/sector edge UE in the CC consisting of cells
allocated the same PCID. In order to determine mobility state, the eNB may use a pre-
determined criterion. For example, a threshold value may be used. If the UE mobility
is equal to or greater than a predetermined threshold, the eNB may designate a sector
of the CC consisting of the sectors using the same PCID.

In the case of moving to a cell/sector of the CC consisting of the cell/sectors using
the different PCIDs, handover may occur. If a handover to the PCell is triggered, this
entails a handover to SCell(s). Accordingly, when the UE is roaming, it is preferred to
designate a cell of the CC consisting of the cell using the same PCID as the PCell to
reduce the number of handovers to PCell and number of cell edges without com-
promising communication efficiency. In the case that the UE moves little around the

center of the cell/sector or the UE mobility is less than the threshold, it may be
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preferred to designate a sector of the CC consisting of the sectors using different
PCIDs as the PCell. In this way, it is possible to protect against the resource problem
caused by configuring the sectors of a CC with the same PCID because the throughput
problem occurring at the cell edge does not exist at the cell center. Instead of the
mobility, another criterion can be used for designating the PCell.

In the case of determining the PCell and SCells of the UE using the location and
mobility information of the UE, the PCell and SCell determination criteria are selected
according to control channel usage amount( T ) per cell (i) of each CC(c), per-cell

i

UL resource usage ( F2s ), inter-cell Handover amount ( ® ), and per-cell data
C, i c

load (L _).
c.i

In the case of CC#1, the three cells have to use the same control channel. Although it
is possible to use the control channel which is independent of PCID such as EPDCCH
defined in Rel. 11, this approach requires extra control channel, resulting in increase of
overhead.

In the case of using the UL resource, the UL transmission may be restricted to the
PCell in the carrier aggregation mode depending on the UE capability and thus, if the
PCells are concentrated on a specific CC, UL resource restriction may occur. Therefore
control channel usage amount or/and uplink resource usage amount is/are considered
when a base station or a network entity determines PCell of the UE.

Although handover (HO) can be perform through a simple signaling procedure with
the exception among the three cells of CC#1, there has to be a HO operation between
the cells of the CC#2, the HO operation affecting the reception performance of the UE.
Therefore handover or/and load is/are considered when a base station or a network
entity determines PCell of the UE.

The PCell (p) and SCell (s) of the UE x are selected based on the criteria as follows.
For example, PCell (p) and SCell (s) of the UE x are selected in an ascending order of
priority of the criteria as follows.

Criteria 1. Mobility

10555 = fu(X)

f is a function of determining whether to configure the PCell of the UEx as the
I

CC using the same PCID according to the user mobility, cell configuration scheme of
CC#1, and UE location. The output may be a combination of {p, s} required to be

configured by UEx or Null which is not necessary to be determined by criteria 1. If it is
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not necessary to perform the determination based on criteria 1, check criteria 2.

Criteria 2. Control channel usage amount & uplink resource usage amount

{p,s}, =argmax w(l, Hc,i,x)

(p.s)

is a function of determining whether to configure the PCell of the UEx as the

12

CC using the same PCID according to the control channel usage amount and UL
resource usage amount of the cells of the serving cell site of the UEx. The output may
be a combination of {p, s} required to be configured by UEx or Null which is not
necessary to be determined by criteria 2. If it is not necessary to perform the deter-
mination based on criteria 2, check criteria 3.

Criteria 3. HO & Load

{p,s}, =argmaxU(®,,L ;. x)
(p.5)

U is function of determining a cell to be configured as the PCell of the UEx
according to the current HO amount and target HO amount of the cells of the serving
cell site of the UEx and the load of each cell. The output may be a combination of {p,
s} required to be configured by UEx or Null which is not necessary to be determined
by criteria 3. If it is not necessary to perform the determination based on criteria 3,
check other criteria.

In the system configured with a plurality CCs of which at least one consists of the
cells using the same PCIDs, the PCell of a UE may be determined based on criteria
1~3. Although the above description has been directed to the case where the criteria
1~3 are applied in order, the criteria may be applied in a different order or at least one
criterion may be omitted. It is also possible to designate a sector of the CC consisting
of the sectors using the same PCID as the PCell or not without using the criteria as
default setting of the eNB.

FIG. 7 is a signal flow diagram illustrating signal flows of CA technique in a mobile
communication system according to an embodiment of the present invention.

Referring to FIG. 7, the mobile communication system includes a UE 710 and an
eNB 730. The eNB may have a plurality of Component Carriers (CCs). For example,
the eNB may manage CC#1 731 and CC#2 732. The measurement configuration is
made between the UE 710 and the eNB 730 at step S705. The UE 710 measures radio
channel condition according to the measurement configuration. The measurement
result can be used in various operations of the UE 710 and the eNB 730. For example,
the measurement result can be used in scheduling, handover, PCell change, and SCell

add operations. If a measurement report event occurs, the UE 710 reports the mea-
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surement result at step S715. The measurement report may be delivered periodically or
non-periodically.

The eNB 730 determines whether to add an SCell based on the measurement result at
step S720. The eNB 730 sends the UE 710 an SCell Add request message at step S725.
The SCell Add request message may be the RRCConnectionReconfiguration message.
The RRCConnectionReconfiguration message may include the identity information
(sCellToAddModList) of the SCell to be added. In FIG. 7, it is assumed that CC#2 732
is added. The UE 710 adds the CC#2 based on the SCell Add request message and
performs configuration for adding the SCell at step S730. The UE 710 sends the eNB
730 an SCell Add Complete message at step S735. The SCell Add Complete message
may be the RRCConnectionReconfigurationComplete message.

The eNB 730 notifies the UE 710 of the SCell to be activated/deactivated among the
configured SCells at step S740. At this time, the Activation/Deactivation MAC Control
Element (CE) may be used. In FIG. 7, it is assumed that CC#2 732 is activated. Upon
receipt of this message, the UE 710 checks the SCell to be activated/deactivated and
activates the checked SCell at step S745. In FIG. 7, CC#2 is checked. Afterward, the
UE 710 and the eNB 730 perform data communication through CC#1 731 and CC#2
732.

The activated CC#2 of UE 710 is deactivated at step S755. For example, when the
deactivation MAC CE is received or when a timer (SCellDeactivationTimer) expires,
the UE 710 deactivates CC#2 732. The UE 710 deactivates the corresponding cell
(CC#2) at step S760. The eNB 730 sends the UE 710 a message for releasing the CC#2
732. This message may be the RRCConnectionReconfiguration message. This message
may include a list of the SCells to be released (sCellToReleaseList).

The CC add and activation operations and deactivation and release operations are
performed as described above. The CC consisting of the cells using the same PCID
also may be added, released, activated, and deactivated in the same manner. One of the
CC#1 731 and CC#2 732 is the CC consisting of the sectors identified by the same
PCID, and the other is the CC consisting of the sectors identified by different PCIDs.

FIG. 8 is a signal flow diagram illustrating a PCell change procedure in a mobile
communication system according to an embodiment of the present invention.

Referring to FIG. 8, the mobile communication system includes a UE 810 and an
eNB 9=830. The eNB 830 may have a plurality of CCs. For example, the eNB 830
may manage CC#1 831 and CC#2 832. The measurement configuration may be made
between the UE 810 and the eNB 830. The UE 810 measure radio channel condition
according to the measurement configuration. The measurement result can be used in
various operations of the UE 8§10 and the eNB 830. For example, the measurement

result can be used in scheduling, handover, PCell change, and SCell add operations. If
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a measurement report event occurs, the UE 810 reports the measurement result at step
S815. The measurement report may be delivered periodically or non-periodically. FIG.
8 is directed to the case where the measurement report is used for changing PCell. The
parameter for use in PCell change of the eNB 830 is not limited to the measurement
report. In FIG. 8, it is assumed that the current PCell is CC#1 831. The eNB 830 de-
termines to change the PCell. The PCell change may be triggered for various reasons
and determined in consideration of various criteria as described with reference to FIG.
6. One of the CC#1 831 and CC#2 832 is the CC consisting of the sectors identified by
the same PCID, and the other is the CC consisting of the sectors identified by different
PCIDs.

The eNB 830 may decide to move the PCell from CC#1 831 to CC#2 832. The eNB
830 sends the UE 810 a PCell Change message at step S805. The PCell Change
message may be the RRCConnectionReconfiguration message. Upon receipt of the
PCell Change message, the UE 810 performs the PCell change procedure at step S§10.
For example, the UE 810 may perform the detach operation to the CC#1 and then the
attach operation to the CC#2 832. The UE 810 sends the eNB 830 a PCell Change
Response message at step S815. The PCell Change Response message may be the
RRCConnectionReconfigurationComplete message. Through this process, the PCell of
the UE 810 is moved from the CC#1 831 to the CC#2 832. Then the eNB 830 com-
municates with the UE 810 through the PCell in CC#2 832.

The eNB 830 adds the CC#1 831 as an SCell to the UE 810 at step S820.

The eNB 830 sends the UE 810 a message requesting for adding the CC#1 as an
SCell at step S825. The request message may be the RRCConnectionReconfiguration
message. The RRCConnectionReconfiguration message may include an identity in-
formation (sCellToAddModList) of CC#1 831. The UE 810 adds the CC#1 831 as an
SCell based on the SCell Add Request message and performs SCell configuration at
step S830. The UE 810 sends the eNB 830 a SCell Add Response message at step §35.
The SCell Add Response message may be the RRCConnectionReconfigura-
tionComplete message.

The eNB 830 notifies the UE 810 of the SCell to be activated/deactivated among the
configured SCells at step S840. For this purpose, the Activation/Deactivation MAC
Control Element (CE) may be used. In FIG. 8, it is assumed that the CC#1 831 is
activated. Upon receipt of the notification, the UE 810 checks the SCell to be
activated/deactivated and activates the checked SCell at step S845. FIG. 8 is directed
to the case where the CC#1 831 as a SCell is activated. Afterward, the UE 810 and the
eNB 830 perform data communication through CC#1 831 and CC#2 §32. The
procedure of moving the PCell from CC#1 831 to CC#2 832 and adding a new cell has

been described hereinabove. As described above, it is possible to configure the PCell
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in the CC consisting of the sectors using the same PCID or the CC consisting of the
sectors using different PCIDs depending on the UE state, move the PCell from one CC
to another, and add the CC having no PCell as a new SCell. The PCell change
procedure is similar to the inter-frequency handover. Meanwhile, if the PCell and
SCell are determined simultaneously, the SCell activation can be performed by con-
figuring the sCellToAddModList in the RRCConnectionReconfiguration message in
changing the PCell other than using an extra RRC message for adding the SCell.

FIG. 9 is a flowchart illustrating a PCell/SCell configuration procedure according to
an embodiment of the present invention. Although FIG. 9 is directed to the eNB-
initiated PCell change procedure, the PCell change may be initiated by any other
network entity.

Referring to FIG. 9, the eNB configures at least one CC consisting of the sectors
using the same PCID at step 910. That is, a CA-enabled may be configured with one at
least one CC consisting of the sectors using the same PCID and at least one CC
consisting of sectors using different PCIDs. In the case that the eNB has at least three
CA-capable frequencies, there may be a few combinations of at least one CC
consisting of the sectors using the same PCID and at least one CC consisting of the
sectors using different PCIDs. Assuming three frequencies CC#1, CC#2, and CC#3,
{number of same PCID sectors CCs, number of different PCID sectors CCs} is {1,2}
or {2,1}.

The eNB determines whether PCell/SCell change is required at step 920. If no PCell
change is required, the procedure ends. Otherwise if the PCell change is required, the
procedure goes to step 930. The PCell change may be determined depending on
whether the UE channel state requires the PCell belonging to the CC consisting of the
same PCID sectors or the CC consisting of the different PCID sectors. In the state that
the PCell of a certain UE is configured in the CC consisting of the sectors using
different PCIDs, if it becomes necessary to configure the PCell in the CC consisting of
the sectors using the same PCID, this is determined that the PCell change is required.

The eNB initiates the PCell/SCell change procedure at step 930. The PCell change
may entail SCell change. The SCell change is performed through the SCell Add and
SCell activation operation after the PCell change is completed.

In order to perform the PCell change procedure, the eNB may select the CC in which
the PCell is configured. Various criteria may be used for selecting the CC. For
example, the CC may be selected based on at least one of UE mobility, control channel
use amount, uplink resource use amount, handover, and load. The CC selection method
is described in detail with reference to FIG. 10.

The process of making PCell/SCell change decision may be the process of con-
figuring CCs along with PCell/SCell. For example, the operation of step 920 may be
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performed in the case of configuring or selecting a CC as well as moving the PCell to
another CC. For example, the operation of step 920 may be performed in selecting a
component carrier for the PCell in the course of initial attach or idle mode.

FIG. 10 is a flowchart illustrating a PCell/SCell selection procedure according to an
embodiment of the present invention.

A description is made of the procedure of determining the PCell and SCell based on
the criteria proposed in an embodiment of the present invention with reference to FIG.
10. The PCell/SCell reselection is performed periodically or non-periodically, i.e.
when a predetermined event occurs. If a combination of PCell and SCell is made based
on high selection criteria and if the PCell differs from the previous PCell, a PCell-
SCell combination change procedure is performed. In the case of changing only SCell,
a SCell change procedure is performed. The procedure of changing the PCell or SCell
may be performed as described with reference to FIG. 7 or 8. In neither PCell nor
SCell is selected based on a selection criterion, the PCell/SCell selection procedure is
repeated with a next order selection criterion.

Although this embodiment of the present invention is directed to the case where the
selection criteria is applied in order, it is also possible to select the best suited PCell or
SCell in consideration of the result obtained by applying multiple selection criteria si-
multaneously. The priorities of the selection criteria may change. For example, FIG. 6
is directed to the case where the mobility is applied with priority and then other criteria
in the order of resource use amount, uplink resource use amount, handover, and load.
However, the order is not limited thereto but the resource user amount or load may be
considered with priority. If the UE mobility is equal to or greater than a predetermined
threshold, it is prefer to apply the mobility with priority.

The eNB selects one of the PCell and SCells based on the selection criteria at step
1005. The PCell/SCell selection is performed periodically or non-periodically. When
configuring initial cell to the UE, changing, modifying, or adding a cell, at least one of
the PCell and SCells is selected. For example, when a periodic or non-periodic event
occurs, the eNB may skip selecting a new PCell or SCell. The criteria-based PCell/
SCell selection procedure is performed with the selection criteria proposed in the em-
bodiment of FIG. 6.

The eNB determines whether a new PCell/SCell is selected at step 1010. If a new
PCell is selected, the procedure goes to step 1020 and, otherwise, step 1015.

At step 1020, the eNB determines whether the newly selected PCell is identical with
the old PCell. If the new PCell is different from the old PCell, the eNB changes the old
PCell for the new PCell. The eNB performs the PCell/SCell change procedure. The
PCell/SCell change procedure may be performed as described with reference to FIG. 8.
If the PCell/SCell change procedure is completed, the eNB and the UE communicate
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through the newly selected PCell/SCell.

If the new PCell is different from the old PCell at step 1020, the procedure goes to
step 1025. If the new PCell is identical with the old PCell, this is the case where the old
PCell is reselected and thus there is no change of PCell. The eNB determines whether
the newly selected SCell is identical with the old SCell at step 1025. If the new SCell is
identical with the old SCell, the procedure ends. If the new SCell is different from the
old SCell, this means the SCell change occurs and thus the procedure goes to step
1030. The eNB performs the SCell change procedure. The SCell change procedure
may be performed as described with reference to FIG. 8. If the SCell change procedure
is completed, the eNB communicates with the UE through the PCell and the new
SCell.

As described above, the PCell and/or SCell change procedure is performed by
selecting PCell/SCell newly and comparing the newly selected cell with the old cell.

At this time, the selection criterion may be the mobility or location. The eNB may
select a PCell/SCell based on the UE mobility or location at step 1005. At this time, the
PCell/SCell selection is to select a sector of a CC consisting of the sectors using the
same PCID or different PCIDs as the PCell or SCell. For the mobile UE or a sector/cell
edge UE, the eNB selects the PCell in the CC consisting of the sectors using the same
PCID. At this time, at least one SCell may be selected from the CC consisting of the
sectors using different PCIDs.

The eNB may consider other selection criteria as well as the mobility. For example,
if no new PCell is selected at step 1010, the eNB may use another selection criterion to
select a new cell. If no new PCell is selected, the procedure goes to step 1015. At step
1015, the eNB selects a PCell/SCell using another selection criterion. If criterion 1 is
used at step 1005, the new selection criterion used at step 1015 may be criterion 2 or
criterion 3. If no new PCell is selected with criterion 1, the PCell/SCell selection may
be retried with the criterion 1.

If the PCell is selected at step 1040, the eNB returns the procedure to step 1020. The
steps following step 1020 are performed as described above.

If no PCell is selected at step 1040, the eNB checks the next order criterion at step
1050. If there is no next criterion, the procedure ends. If there is the next criterion, the
eNB selects the PCell/SCell at step 1060. Afterward, the procedure goes to step 1040.
The steps following step 1040 are performed as described above. In the same way, the
PCell/SCell may be selected in consideration of multiple criteria.

FIG. 11 is a block diagram illustrating a configuration of the eNB according to an
embodiment of the present invention.

As shown in FIG. 11, the eNB 1100 includes a communication unit 1110 and a

control unit 1130. The communication unit 110 may transmit and/or receive signals.
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The control unit 1130 controls overall operations of the eNB 1100. The control unit
1130 also controls the operation of configuring to a cell to a UE and changing the cell.

According to an embodiment of the present invention, the control unit 1130 may
control transmitting configuration information for a first cell to a terminal, transmitting
configuration information for a second cell to the terminal and communicating with the
terminal via the first cell and the second cell. One of the first and second cells is set
same Physical Cell Identifier “PCID” and the other is set different PCIDs.

The control unit 1130 may control to control transmitting configuration information
for a first cell to a terminal, transmitting configuration information for a second cell to
the terminal and communicating with the terminal via the first cell and the second cell.
At least one of the first and second cells is set same Physical Cell Identifier “PCID”.

The control unit 1130 may control to configure a first cell having at least two sectors
formed with different antennas to the UE and a second cell having at least two sectors
formed with different antennas to the UE for communication with the UE through the
first and second cells. At this time, the sectors of one of the first and second cells are
allocated the same PCID and the sectors of the other cell are allocated different PCIDs.
One of the first and second cells a Primary cell (PCell) and the other is a Secondary
cell (SCell).

The control unit 1130 may control to select the PCell of the UE based on prede-
termined selection criteria. The control unit 1130 checks the UE mobility and, it is de-
termined that the UE is mobile, controls to configure a cell of which sectors use the
same PCID as the PCell among the first and second cells. The UE mobility may be de-
termined based on at least one of the channel state information (CSI) and reference
signal received power (RSRP) received from the UE.

The control unit 1130 checks the location of the UE and, if the UE is located at a
cell/sector edge, controls the cell consisting of the sectors using the same PCID as the
PCell among the first and second cells.

The control unit 1130 also may control to select the PCell of the UE based on at least
one of per-cell control channel use amount information, uplink resource use amount in-
formation, handover information, and load information.

Although the description is made of the individual blocks constituting the eNB 1100
for explanation convenience, the configuration of the eNB is not limited thereto. The
control unit 1130 may perform the operations described in the embodiments of FIGs. 1
to 10 as well as the operations described with reference to FIG. 11.

FIG 12 is a block diagram illustrating a configuration of the UE according to an em-
bodiment of the present invention.

As shown in FIG. 12, the UE 1200 includes a communication unit 1210 and a control

unit 1230. The communication unit 1210 is responsible for transmitting and/or
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receiving signals. The control unit 1230 controls overall operations of the UE 1200.
The control unit 1230 also controls the operations of measuring and reporting channel
state, configuring the PCell and SCell based on the cell configuration information
transmitted by the eNB, and communicating with the eNB through the configured
cells.

According to an embodiment, the control unit 1230 control receiving configuration
information for a first cell, receiving configuration information for a second cell and
communicating via the first and second cells. One of the first and second cells is set
same Physical Cell Identifier “PCID” and the other is set different PCIDs.

The control unit 1230 may control receiving configuration information for a first cell,
receiving configuration information for a second cell and communicating via the first
and second cells. wherein at least one of the first and second cells is set same Physical
Cell Identifier “PCID” .

The control unit 1230 may control to receive the configuration information about the
first cell including at least two sectors formed with different antennas and the con-
figuration information about the second cell including at least two sectors formed with
different antennas, and to perform communication through the first and second cells
based on the configuration information about the first and second cells. At this time,
the sectors constituting one of the first and second cells are allocated the same PCID,
and the sectors constituting the other cell are allocated different PCIDs. One of the first
and second cells is the primary cell (PCell), and the other is a secondary cell (SCell).

The control unit 1230 also may control to send the eNB the mobility information and
receive the PCell configuration information in correspondence to the mobility in-
formation. If it is determined that the UE is mobile based on the mobility information,
the PCell configuration information may be the information instructing to configure
the cell consisting of the sectors using the same PCID as the PCell among the first and
second cells.

The UE mobility information may include at least one of the channel state in-
formation (CSI) and reference signal received power (RSRP).

If the UE is located at the cell/sector edge, the PCell configuration information may
be the information instructing to configure the cell consisting of the sectors using the
same PCID as the PCell among the first and second cells.

The PCell may be determined based on at least one of per-cell control channel use
amount information, uplink resource use amount information, handover information,
and load information.

Although the description is made of the individual blocks constituting the UE 1200
for explanation convenience, the configuration of the UE is not limited thereto. The

control unit 1230 may perform the operations described in the embodiments of FIGs. 1
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to 10 as well as the operations described with reference to FIG. 11.

[133] As described above, the timing advance group management method and apparatus
according to exemplary embodiments of the present invention is capable of informing
of the timing advance group to which each carrier belongs and managing multiple
timing advance groups efficiently without signaling overhead.

[134] While the invention has been shown and described with reference to certain
exemplary embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the
spirit and scope of the invention as defined by the appended claims and their
equivalents.

[135]

[136]
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Claims

A base station for cell configuration in a mobile communication system
supporting Carrier Aggregation (CA), the base station comprising :

a communication unit configured to transmit and receive signals; and

a control unit configured to control transmitting configuration in-
formation for configuring a first cell to a terminal, transmitting con-
figuration information for adding a second cell to the terminal and com-
municating with the terminal via the first cell and the second cell,
wherein sectors of one of the first and second cells are set same
Physical Cell Identifier (PCID) and sectors of the other one of the first
and second cells are set different PCIDs.

The base station of claim 1, wherein each of the first and second cells
includes at least two sectors,

wherein the PCID is allocated to each sector.

The base station of claim 1, wherein one of the first and second cells is
a primary cell (PCell) and the other is a secondary cell (SCell).

The base station of claim 1, wherein the control unit is configured to
check mobility of the terminal and configure, when the terminal is
mobile, the cell of which the sectors are set the same PCID as the PCell
among the first and second cells.

The base station of claim 1, wherein the control unit is configured to
determine mobility of the terminal based on at least one of channel
state information and reference signal received power received from the
terminal.

The base station of claim 1, wherein the control unit is configured to
check location of the terminal and configure, when the terminal is
located at cell/sector edge, the cell of which the sectors are set the same
PCID as the PCell among the first and second cells.

The base station of claim 1, wherein the control unit is configured to
select the PCell of the terminal based on at least one of per-cell control
channel amount information, uplink resource use amount information,
handover information, and load information.

A terminal for cell configuration in the mobile communication
supporting carrier aggregation (CA), the terminal comprising:

a communication unit configured to transmit and receive signals; and

a control unit configured to control receiving configuration information

for configuring a first cell, receiving configuration information for
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adding a second cell and communicating via the first and second cells,
wherein sectors of one of the first and second cells are set same
Physical Cell Identifier (PCID) and sectors of the other one of the first
and second cells are set different PCIDs.

The terminal of claim 8, wherein each of the first and second cells
includes at least two sectors,

wherein the PCID is allocated to each sector.

The terminal of claim 8§, wherein the control unit is configured to
control receiving primary cell (PCell) configuration information corre-
sponding to mobility information of the terminal,

wherein the PCell configuration information instructs, when the
terminal is mobile based on the mobility information, to configure the
cell set same PCID as the PCell among the first and second cells.

The terminal of claim 10, wherein the mobility information comprises
at least one of channel state information and reference signal received
power.

The terminal of claim 8§, wherein the control unit is configured to
control receiving primary cell (PCell) configuration information,
wherein the PCell configuration information instructs, when the
terminal is located at a cell/sector edge, to configure the cell set same
PCID as the PCell among the first and second cells.

The terminal of claim §, wherein a primary cell (PCell) of the terminal
is selected based on at least one of per-cell control channel amount in-
formation, uplink resource use amount information, handover in-
formation, and load information.

A method for cell configuration by a base station in a mobile commu-
nication system supporting Carrier Aggregation (CA), the method
comprising:

transmitting configuration information for configuring a first cell to a
terminal;

transmitting configuration information for adding a second cell to the
terminal; and

communicating with the terminal via the first cell and the second cell,
wherein sectors of one of the first and second cells are set same
Physical Cell Identifier (PCID) and sectors of the other one of the first
and second cells are set different PCIDs.

A method for cell configuration by a terminal in the mobile commu-

nication supporting carrier aggregation (CA), the terminal comprising:
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receiving configuration information for configuring a first cell;
receiving configuration information for adding a second cell; and
communicating via the first and second cells,

wherein sectors of one of the first and second cells are set same
Physical Cell Identifier (PCID) and sectors of the other one of the first

and second cells are set different PCIDs.
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[Fig. 7]
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[Fig. 10]
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