Office de la Proprieté Canadian CA 2747789 C 20151117

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 747 789
Findustrie Canada Industry Canada a2 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2010/01/06 (51) ClLInt./Int.Cl. HO4W 74/08 (2009.01)
(87) Date publication PCT/PCT Publication Date: 2010/0/7/15 | (72) Inventeurs/Inventors:
“1; . CHUN, SUNG-DUCK, KR;
(45) Date de délivrance/lssue Date: 2015/11/17 Yl SEUNG-JUNE. KR:
(85) Entree phase nationale/National Entry: 2011/06/20 PARK SUNG-JUN, KR
(86) N° demande PCT/PCT Application No.: KR 2010/000054 | (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2010/079941 LG ELECTRONICS INC., KR
(30) Priorité/Priority: 2009/01/08 (US61/143,392) (74) Agent: FETHERSTONHAUGH & CO.

(54) Titre : PROCEDE DE GESTION D'INSTRUCTION D'ALIGNEMENT TEMPOREL DURANT UNE PROCEDURE
D'ACCES ALEATOIRE

54) Title: METHOD OF HANDLING TIME ALIGNMENT COMMAND DURING A RANDOM ACCESS PROCEDURE

L Random access preamble related information

Random access preamble

) Time Alignment command (TAC)

determining a type
of the random
access preamble

(re)starting a timer
or ignoring the TAC

(57) Abréegée/Abstract:
Disclosed Is the radio (wireless) communication system providing a radio communication service and the terminal, and more
particularly, a method of handling time alignment command during a random access procedure in an Evolved Universal Mobile

Telecommunications System (E-UMTS) evolved from the Universal Mobile Telecommunications System (UMTS) or a Long Term
Evolution (LTE) system Is provided.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




w0 2010/079941 A3 ||H] 0| NI OADE D AR RO R

CA 02747789 2011-06-20

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

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
15 July 2010 (15.07.2010)

(10) International Publication Number

WO 2010/079941 A3

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

International Patent Classification:
HO4W 74/08 (2009.01)

International Application Number:
PCT/KR2010/000054

International Filing Date:
6 January 2010 (06.01.2010)

Filing Language: English
Publication Language: English
Priority Data:

61/143,392 8 January 2009 (08.01.2009) US

Applicant (for all designated States except US). LG
ELECTRONICS INC. [KR/KR]; 20, Yeouido-Dong,
Yecongdeungpo-Gu, Seoul. 150-721 (KR).

Inventors; and

Inventors/Applicants (for US only): CHUN, Sung-Duck
[KR/KR]; 533, Hogye-Dong, Dongan-Gu, Anyang,
Gyeonggi-Do, 431-080 (KR). YI, Seung-June [KR/KR];
533, Hogye-Dong, Dongan-Gu, Anyang, Gyeconggi-Do,
431-080 (KR). PARK, Sung-Jun [KR/KR]; 533, Hogye-
Dong, Dongan-Gu, Anyang, Gyeonggi-Do, 431-080
(KR).

(74)

(81)

(84)

Agent: PARK, Jang-Won; 3rd Floor, Shinyoung Wacoal
Bldg, 49-4 Nonhyun-dong, Gangnam-gu, Seoul 135-814
(KR).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, 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,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, S8Y, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: METHOD OF HANDLING TIME ALIGNMENT COMMAND DURING A RANDOM ACCESS PROCEDURE

[Fig. 6]

|UE | eNB

—

Random access preamble related information

g

Random access preamble

Time Alignment command (TAC) l

¢

determining a type
of the random
access preambie

(re)starting a timer
or ignoring the TAC

(57) Abstract: Disclosed is the radio (wireless) communi-
cation system providing a radio communication service and
the terminal, and more particularly, a method of handling
time alignment command during a random access proce-
dure in an Evolved Universal Mobile Telecommunications
System (E-UMTS) evolved from the Universal Mobile
Telecommunications System (UMTS) or a Long Term Evo-
lution (LTE) system 1s provided.



CA 02747789 2011-06-20

WO 2010/079941 A3 MMM UL A0N 0 A0 0 D T A R

Published: (88) Date of publication of the international search report:

—  with international search report (Art. 21(3)) 28 October 2010

—  before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



[1]

[2]

[3]

[4]

CA 02747789 2011-06-20
]

WO 2010/079941 PCT/KR2010/000054

Description
Title of Invention: METHOD OF HANDLING TIME

ALIGNMENT COMMAND DURING A RANDOM ACCESS

PROCEDURE
Technical Field

The present invention relates to a radio (wireless) communication system providing a
radio communication service and a terminal, and more particularly, to a method ot
handling time alignment command (TAC) during a random access procedure (or
process) 1n an Evolved Universal Mobile Telecommunications System (E-UMTS) or a

Long Term Evolution (LTE) system.
Background Art

Figure 1 shows an exemplary network structure ot an Evolved Universal Mobile
Telecommunications System (E-UMTS) as a mobile communication system to which a
related art and the present invention are applied. The E-UMTS system 1s a system that
has evolved tfrom the existing UMTS system, and 1ts standardization work 1s currently
being pertormed by the 3GPP standards organization. The E-UMTS system can also be
reterred to as a LTE (Long-Term Evolution) system.

The E-UMTS network can roughly be divided into an E-UTRAN and a Core
Network (CN). The E-UTRAN generally comprises a terminal (1.e., User Equipment
(UE)), a base station (1.e., eNode B), an Access Gateway (AQG) that 1s located at an end
of the E-UMTS network and connects with one or more external networks. The AG
may be divided 1nto a part for processing user tratfic and a part for handling control
tratfic. Here, an AG for processing new user tratfic and an AG for processing control
tratfic can be communicated with each other by using a new intertace. One eNode B
may have one or more cells. An intertace tor transmitting the user trattic or the control
traffic may be used among the eNode Bs. The CN may comprise an AG, nodes for user
registration of other UEs, and the like. An interface may be used to distinguish the E-
UTRAN and the CN trom each other.

The various layers of the radio interface protocol between the mobile terminal and
the network may be divided into a layer 1 (L1), alayer 2 (L2) and a layer 3 (LL3), based
upon the lower three layers of the Open System Interconnection (OSI) standard model
that 1s well-known 1n the field of communications systems. Among these layers, Layer
1 (L1), namely, the physical layer, provides an information transter service to an upper
layer by using a physical channel, while a Radio Resource Control (RRC) layer located
in the lowermost portion of the Layer 3 (LL3) performs the function of controlling radio

resources between the terminal and the network. To do so, the RRC layer exchanges
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RRC messages between the terminal and the network. The RRC layer may be located
by being distributed in network nodes such as the eNode B, the AG, and the like, or
may be located only in the eNode B or the AG.

Figure 2 shows exemplary control plane architecture of a radio intertace protocol
between a terminal and a UTRAN (UMTS Terrestrial Radio Access Network)
according to the 3GPP radio access network standard. The radio interface protocol as
shown 1n Fig. 2 1s horizontally comprised ot a physical layer, a data link layer, and a
network layer, and vertically comprised of a user plane for transmitting user data and a
control plane for transterring control signaling. The protocol layer in Fig. 2 may be
divided into L1 (Layer 1), L2 (Layer 2), and L3 (Layer 3) based upon the lower three
layers of the Open System Interconnection (OSI) standards model that 1s widely known
in the field of communication systems.

Hereinatter, particular layers ot the radio protocol control plane of Fig. 2 and of the
radio protocol user plane of Fig. 3 will be described below.

The physical layer (Layer 1) uses a physical channel to provide an information
transter service to a higher layer. The physical layer 1s connected with a medium
access control (MAC) layer located thereabove via a transport channel, and data 1s
transterred between the physical layer and the MAC layer via the transport channel.
Also, between respectively ditterent physical layers, namely, between the respective
physical layers of the transmitting side (transmitter) and the receiving side (receiver),
data 1s transterred via a physical channel.

The Medium Access Control (MAC) layer of Layer 2 provides services to a radio
link control (RLC) layer (which 1s a higher layer) via a logical channel. The RLC layer
of Layer 2 supports the transmission of data with reliability. It should be noted that 1t
the RLC functions are implemented 1n and pertformed by the MAC layer, the RLC
layer 1tselt may not need to exist. The PDCP layer of Layer 2 performs a header com-
pression function that reduces unnecessary control information such that data being
transmitted by employing Internet Protocol (IP) packets, such as IPv4 or IPv6, can be
efficiently sent over a radio interface that has a relatively small bandwidth.

The Radio Resource Control (RRC) layer located at the lowermost portion of Layer 3
1s only defined in the control plane, and handles the control ot logical channels,
transport channels, and physical channels with respect to the contiguration, re-
configuration and release of radio bearers (RB). Here, the RB refers to a service that 1s
provided by Layer 2 for data transter between the mobile terminal and the UTRAN.

Description of a RRC connection recontfiguration will be given. In general, when the
RRC connection 1s established between a terminal and a network (base station), the
network provides any necessary parameter(s) and their value(s) to the terminal so as to

perform data communication with the terminal. Using theses parameter(s) and their
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values, the terminal may be notified that which logical channel 1s contigured, an
identity or identity number tor each logical channel, or setting value tor timers. During
a call, if these parameters and their parameter values are needed to be changed, the
network 1s able to provide new parameter(s) and their value to the terminal using a
RRC connection reconfiguration message. In this case, the terminal usually applies or
uses these new parameters immediately after receiving the RRC connection recon-
figuration message.

Description of an uplink timing alignment maintenance in a LTE system will be
given. In the LTE system that based on an Orthogonal Frequency Division Multiplex
(OFDM) technology, there 1s possibility of interterences between terminals (UEs)
during a communication between UE and base station (eNB). In order to minimize 1in-
terferences between terminals, 1t 1s important that the base station must manage or
handle a transmission timing of the UE. More particularly, the terminal may exist in
random area within a cell, and this implies that a data transmission time (1.€., traveling
time of data from UE to base station) can be varied based on a location of the terminal.
Namely, 1t the terminal 1s camped on edge of the cell, data transmission time ot this
specific terminal will be much longer than data transmission time ot those terminals
who camped on a center of the cell. In contrast, it the terminal 1s camped on the center
of the cell, data transmission time of this specific terminal will be much shorter than
data transmission time of those terminals who camped on the edge of the cell. The base
station (eNB) must manage or handle all data or signals, which are transmitted by the
terminals within the cell, in order to prevent the interterences between the terminals.
Namely, the base station must adjust or manage a transmission timing of the terminals
upon each terminal’s condition, and such adjustment can be called as the timing
alignment maintenance. One of the methods for maintaining the timing alignment is a
random access procedure. Namely, during the random access procedure, the base
station receives a random access preamble transmitted from the terminal, and the base
station can calculate a time alignment (Sync) value using the received random access
preamble, where the time alignment value 1s to adjust (1.e., taster or slower) a data
transmission timing of the terminal. The calculated time alignment value can be
notified to the terminal by a random access response, and the terminal can update the
data transmission timing based on the calculated time alignment value. In other
method, the base station may receive a sounding reterence symbol (SRS) transmitted
from the terminal periodically or randomly, the base station may calculate the time
alignment (Sync) value based on the SRS, and the terminal may update the data
transmission timing according to the calculated time alignment value.

As explained above, the base station (eNB) may measure a transmission timing of the

terminal though a random access preamble or SRS, and may notity an adjustable
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timing value to the terminal. Here, the time alignment (Sync) value (1.e., the adjustable
timing value) can be called as a time advance command (referred as “TAC’ hereatter).
The TAC may be process in a MAC (Medium Access control) layer. Since the terminal
does not camps on a tixed location, the transmission timing 1s frequently changed
based on a terminal’s moving location and/or a terminal’s moving velocity.
Concerning with this, if the terminal receives the time advance command (TAC) from
the base station, the terminal expect that the time advance command 1s only valid tor
certain time duration. A time alignment timer (TAT) 1s used for indicating or rep-
resenting the certain time duration. As such, the time alignment timer (TAT) 1s started
when the terminal receives the TAC (time advance command) from the base station.
The TAT value 1s transmitted to the terminal (UE) through a RRC (Radio Resource
Control) signal such as system information (SI) or a radio bearer recontiguration. Also,
if the terminal receives a new TAC trom the base station during an operation of the
TAT, the TAT 1s restarted. Further, the terminal does not transmit any other uplink
data or control signal (e.g., data on physical uplink shared channel (PUSCH), control
signal on Physical uplink control channel (PUCCH) except for the random access
preamble when the TAT 1s expired or not running.

[ 13] In general, a terminal (or UE) may perform a random access procedure in the
following cases: 1) when the terminal performs an 1nitial access because there 1s no
RRC Connection with a base station (or eNB), 2) when the terminal initially accesses
to a target cell in a handover procedure, 3) when it 1s requested by a command of a
base station, 4) when there 1s uplink data transmission in a situation where uplink time
synchronization 1s not aligned or where a specific radio resource used tor requesting
radio resources 1s not allocated, and 5) when a recovery procedure 1s performed in case
of a radio link failure or a handover failure.

[14] In the LTE system, the base station allocates a dedicated random access preamble to
a specific terminal, and the terminal performs a non-contention random access
procedure which pertorms a random access procedure with the random access
preamble. In other words, there are two procedures in selecting the random access
preamble: one 1s a contention based random access procedure in which the terminal
randomly selects one within a specitic group tor use, another 1s a non-contention based
random access procedure in which the terminal uses a random access preamble
allocated only to a speciftic terminal by the base station. The difterence between the
two random access procedures 1s that whether or not a collision problem due to
contention occurs, as described later. And, the non-contention based random access
procedure may be used, as described above, only 1n the handover procedure or when it
1s requested by the command ot the base station.

[15] According to the non-contention based random access procedure of a conventional
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art, 1f the terminal receives a time alignment command, the terminal reconfigures an uplink
synchronization by using the received time alignment command. However, even with the
non-contention based random access procedure, there is a certain case that a preamble,
which selected by a base station, can be commonly used by a plurality of different
terminals. Therefore, in some case, the received time alignment command may cause to
break uplink synchronization, and may create signal interference(s) within a cell due to an

unnecessary uplink transmission of TAC.

Disclosure of Invention

Solution to Problem

In accordance with one aspect, the present invention provides a method of handling a
time alignment command during a random access procedure in a wireless communication
system. More particularly, according to an aspect of the present invention, a terminal
selectively applies an uplink synchronizing alignment command (i.e., TAC) according to a
type of the random access procedure, thereby managing a uplink synchronization without
wasting of any unnecessary radio resource(s).

In accordance with one aspect of the invention, there is provided a method of
performing a random access procedure by a terminal in wireless communication system.
The method involves receiving, at the terminal, a command for starting a time alignment
timer that 1s used to control how long the terminal is considered uplink time aligned. The
command is a time advance command (TAC), and is received in a random access response
message. The method also involves determining, at the terminal, whether a random access
preamble was explicitly signaled and an index of the random access preamble was not
00000. The method also involves, if it i1s determined that the random access preamble was
explicitly signaled and the index of the random access preamble was not 00000, applying
the time advance command, and starting or restarting the time alignment timer. The
method also involves, if it i1s determined that the random access preamble was not
explicitly signaled and if the time alignment timer is not running, applying the time
advance command, starting the time alignment timer, and stopping the timer alignment
timer when a contention resolution is considered not successful. The received command is
ignored 1f 1t 1s determined that the random access preamble was not explicitly signaled and

the time alignment timer 1s running.
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Brief Description of Drawings

[19] Figure 1 shows an exemplary network structure of an Evolved Universal Mobile

Telecommunications System (E-UMTS) as a mobile communication system to which a

related art and the present invention are applied;

[20] Figure 2 shows an exemplary view of related art control plane architecture of a radio

interface protocol between a terminal and an E-UTRAN;
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Figure 3 shows an exemplary view of related art user plane architecture ot a radio

intertace protocol between a terminal and an E-UTRAN;
Figure 4 shows an exemplary view of a contention based random access procedure;

Figure 5 shows an exemplary view of a non-contention based random access
procedure; and
Figure 6 shows an exemplary view of a time synchronization operation for an uplink

transmission according to the present invention.

Mode for the Invention

One aspect of this disclosure relates to the recognition by the present inventors about
the problems of the related art as described above, and further explained hereafter.
Based upon this recognition, the features of this disclosure have been developed.

Although this disclosure 1s shown to be implemented in a mobile communication
system, such as a UMTS developed under 3GPP specifications, this disclosure may
also be applied to other communication systems operating in contformity with ditferent
standards and specifications.

Hereinatter, description of structures and operations ot the preterred embodiments
according to the present invention will be given with reference to the accompanying
drawings.

Figure 4 shows an operation procedure between a terminal and a base station in a
contention based random access procedure.

First, a terminal in the contention based random access randomly may select a
random access preamble within a group ot random access preambles indicated through
system information or a handover command, may select PRACH resources capable of
transmitting the random access preamble, and then may transmit the selected random
access preamble to a base station (Step 1).

After transmitting the random access preamble, the terminal may attempt to receive a
response with respect to its random access preamble within a random access response
reception window 1ndicated through the system information or the handover command
(Step 2). More specitically, the random access response information 1s transmitted in a
form of MAC PDU, and the MAC PDU may be transterred on the Physical Downlink
Shared Channel (PDSCH). In addition, the Physical Downlink Control Channel
(PDCCH) 1s also transterred such that the terminal appropriately receives information
transterred on the PDSCH. That 1s, the PDCCH may include information about a
terminal that should receive the PDSCH, trequency and time information of radio
resources of the PDSCH, a transfer format of the PDSCH, and the like. Here, if the
PDCCH has been successtully received, the terminal may appropriately receive the

random access response transmitted on the PDSCH according to information of the
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PDCCH. The random access response may include a random access preamble
identifier (1D), an UL Grant, a temporary C-RNTI, a Time Alignment Command, and
the like. Here, the random access preamble identitier 1s included 1in the random access
response 1n order to notity terminals to which information such as the UL Grant, the
temporary C-RNTI, and the Time Alignment Command would be valid (available,
etfective) because one random access response may include random access response
information for one or more terminals. Here, the random access preamble identitier
may be identical to the random access preamble selected by the terminal 1in Step 1.

It the terminal has received the random access response valid to the terminal 1tself,
the terminal may process each of the information included in the random access
response. That 1s, the terminal stores the temporary C-RNTI. In addition, the terminal
uses the UL Grant so as to transmit data stored in a bufter of the terminal or newly
generated data to the base station (Step 3). Here, a terminal identitier should be es-
sentially included in the data which is included in the UL Grant (message 3). This is
because, 1n the contention based random access procedure, the base station may not
determine which terminals are pertorming the random access procedure, but later the
terminals should be 1dentified for contention resolution. Here, two different schemes
may be provided to include the terminal identifier. A first scheme 1s to transmit the
terminal’s cell identifier through the UL Grant 1t the terminal has already received a
valid cell 1dentitier allocated 1n a corresponding cell prior to the random access
procedure. Conversely, the second scheme 1s to transmit the terminal’s unique
identifier (e.g., S-TMSI or random ID) 1t the terminal has not received a valid cell
identifier prior to the random access procedure. In general, the unique 1dentitier is
longer than the cell identitier. In Step 3, 1t the terminal has transmitted data through the
UL Grant, the terminal starts the contention resolution timer.

After transmitting the data with its identifier through the UL Grant included in the
random access response, the terminal waits for an indication (instruction) ot the base
station for the contention resolution. That 1s, the terminal attempts to receive the
PDCCH so as to receive a specitic message (Step 4). Here, there are two schemes to
receive the PDCCH. As described above, if the terminal 1dentifier transmitted via the
UL Grant 1s the cell 1identifier, the terminal attempts to receive the PDCCH by using its
own cell 1dentitier. If the terminal identifier transmitted via the UL Grant 1s 1ts unique
identifier, the terminal attempts to receive the PDCCH by using the temporary C-RNTI
included in the random access response. Thereatter, tor the former, it the PDCCH
(message 4) 1s received through its cell 1identifier betore the contention resolution timer
1s expired, the terminal determines that the random access procedure has been suc-
cesstully (normally) pertormed, thus to complete the random access procedure. For the

latter, 1t the PDCCH 1s received through the temporary cell identitier before the
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contention resolution timer 1s expired, the terminal checks data (message 4) transterred
by the PDSCH that the PDCCH indicates. It the unique identitier ot the terminal 1s
included in the data, the terminal determines that the random access procedure has
been successtully (normally) performed, thus to complete the random access
procedure.

Figure 5 shows an operation procedure between a terminal and a base station in a
non-contention based random access procedure. As compared with the contention
based random access procedure, the random access procedure 1s determined to be suc-
cesstully pertormed by receiving the random access response information in the non-
contention based random access procedure, thus to complete the random access
process.

In general, the non-contention based random access procedure may be pertormed in
the tfollowing two cases: one 1s the handover procedure, and the other is a request by
the command of the base station. To be certain, the contention based random access
procedure may also be pertormed in those two cases. First, for the non-contention
based random access procedure, 1t 1s important to receive, from the base station, a
dedicated random access preamble without having any possibility ot contention. Here,
a handover command and a PDCCH command may be used to assign the random
access preamble. Then, after the random access preamble dedicated to only the
terminal 1tself has been assigned from the base station, the terminal transmits the
preamble to the base station. Thereatter, the method tor receiving the random access
response information 1s the same as that in the above-described contention based
random access procedure.

The atorementioned non-contention based random access procedure 1s 1nitialized as
the base station indicates the terminal to start the non-contention based random access
procedure. In this case, the base station selects a specific preamble that will be used
throughout the random access procedure, and directly notifies the specitic preamble to
the terminal. For example, if the base station notifies the terminal to use a random
access preamble 1dentity number 4 (1.e., RAPID=4), the terminal may pertorm the non-
contention random access procedure using a specific preamble corresponding to the
RAPID equals to 4.

The description of a time synchronization operation for an uplink transmission will
be given as following.

When the terminal (or User equipment) receives a timing advance command MAC
(medium access control) element, the recerved timing advance command may be
applied by the terminal. Namely, the terminal may stat the time alignment timer (TAT)
(1f the TAT 1s not running) or may restart the time alignment timer (it the TAT 1s

already running).

CA 02747789 2011-06-20



WO 2010/079941

[338]

[39]

S~ R R A
A Bl

[44]

[45]
[46]
[47]

= ~ =~ M~
R e
L R S R

— ) ——
o o W
el e

[56]
[57]

[58]

PCT/KR2010/000054

When the terminal receives a timing advance command 1n a random access response
message, 1f a random access preamble and physical random access channel (PRACH)
resource were explicitly signaled, then the terminal may apply the timing advance
command, then the terminal may start the time alignment timer (if the TAT 1s no
running) or may restart the time alignment timer (if the TAT 1s already running), it the
random access preamble and PRACH resource were not explicitly signaled and it the
time alignment timer 1s not running or has expired, then the terminal may apply the
timing advance command, and may start the time alignment timer, when a contention
resolution 1s considered not successtully, the terminal may stop the time alignment
timer, in other case except tor the above, the terminal may ignore the received timing
advance command.

The above description of the time synchronization operation for the uplink
transmission can be represented by a tollowing text procedure:

The UE shall:

- when a Timing Advance Command MAC control element is received:

- apply the Timing Advance Command;

- start the Time Alignment Timer (if not running) or restart the Time Alignment
Timer (if already running).

- when a Timing Advance Command i1s received in a Random Access Response
message:

- 1f the Random Access Preamble and PRACH resource were explicitly signalled:

- apply the Timing Advance Command;

- start the Time Alignment Timer (if not running) or restart the Time Alignment
Timer (if already running).

- else, if the Time Alignment Timer 1s not running or has expired:

- apply the Timing Advance Command;

- start the Time Alignment Timer;

- when the contention resolution is considered not successtul, stop the Time
Alignment Timer.

- else:

- 1ignore the received Timing Advance Command.

- when the Time Alignment Timer has expired or 1s not running:

- prior to any UL-SCH transmission, use the Random Access procedure 1n order to
obtain uplink Time Alignment.

- when the Time Alignment Timer expires:

- tlush all HARQ butters and consider the next transmission tor each process as the

very first transmission;
- notifty RRC of PUCCH/SRS release;
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[61]

[62]

- clear any configured downlink assignments and uplink grants.

As mentioned above, during a non-contention random access procedure, a one-to-one
mapping 1s existed between a terminal and a preamble. Accordingly, if the base station
receives a specific preamble, which was assigned to a particular terminal, the base
station may automatically realize that the specific preamble is transmitted trom the
particular terminal. Further, since the specitic preamble 1s detinitely transmitted from
the particular terminal, the base station may transmit a time alignment command to the
particular terminal by checking a time synchronization ot the received preamble. Here,
the terminal, which receives the time alignment command (TAC), may adjust its own
synchronization of uplink direction using the received TAC, and may start a time
alignment timer (TAT).

In contrast, during a contention random access procedure, a one-to-N mapping 1S
existed between a specitic preamble and a plurality of terminals using the specitic
preamble. Accordingly, if the base station receives a certain preamble, which was not
specitically assigned to a particular terminal, the base station can not possible know
which particular terminal transmits the certain preamble. In this case, when the base
station transmits a time alignment command (TAC) to a plurality of terminals by
checking a time synchronization ot the received preamble, the time alignment
command (TAC) may be transmitted to more than one particular terminals. Ac-

cordingly, in this specific case, the terminal should not apply the received time

alignment command.

However, when the random access procedure 1s initiated by a base station, for
example, the base station may order the terminal to start the random access procedure
by using a PDCCH command, 1in most case, the base station selects a particular
preamble, and transmits 1t to the terminal such that the particular preamble can be used
throughout the random access procedure. In current LTE system, a total number of
preambles that can be used in the random access procedure 1s 64. Among these
preambles, some of preambles may be allocated or assigned tor a non-contention based
random access procedure, and rest of preambles may be allocated or assigned tor a
contention based random access procedure. In a certain cell, it there 1s a plurality of
terminals existed in the certain cell and the plurality of terminals actively perform the
random access procedure, available number of preamble that can be used by the base
station will be very restricted. For example, if there 1s so many terminals existed in a
cell, in some case, even 1if the base station has to order the terminal to start the random
access procedure, the base station may not have any available preamble for the non-
contention based random access procedure, and the delay ot the random access
procedure happens. Because of such delay, a quality of call such as data transmission

delay or a packet loss, can be caused. In order to solve this, a random access preamble
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[63]

[64]

[65]

[66]

0, which 1s RAPID=00000, can be utilized. For example, 1t the terminal receives a
PDCCH command with RAPID=00000, instead of using any assigned the preamble by
the base station, the terminal rather selects one preamble among preambles allocated
for the contention based random access procedure. Namely, in case that the terminal
receives the random access preamble O trom the base station, a preamble used for the
random access procedure will be selected by the terminal. Theretore, since the
preamble 1s eventually selected by the terminal, even it the 1nitial random access
preamble (i.e., random access preamble 0) was provided by the base station, the
preamble selected by the terminal may be also used by other terminals. Therefore, 1n
this situation, if the terminal receives a time alignment command from the base station,
such received time alignment command has to be 1gnored.

Accordingly, the present invention may provide a method of handling a time
alignment command during a random access procedure performed by a MAC layer 1in
the LTE system. More particularly, according to the present invention, a terminal se-
lectively applies an uplink synchronizing alignment command (1.e., TAC) according to
a type of the random access procedure and/or a type of the random access preamble.
For instance, if a time alignment command 1s received during a random access
procedure, the terminal may determine a type of random access preamble that was
transmitted to the network. It the transmitted random access preamble was selected
and/or indicted by the base station and if the random access preamble 1s not random
access preamble 0 (1.e., RAPID i1s not 00000), the terminal may adjust an uplink syn-
chronization using the received time alignment command, and then may start or restart
the timing alignment timer. In contrast, if the transmitted random access preamble was
not selected by the base station, or 1t the transmitted random access preamble was
selected by the base station but the random access preamble 1s equal to the random
access preamble O (1.e., RAPID=00000), the terminal may not apply the received time
alignment command.

The description of a time synchronization operation for an uplink transmission
according to a first embodiment ot the present invention will be given as tollowing.

When the terminal (or User equipment) receives a timing advance command MAC
(medium access control) element, the recerved timing advance command may be
applied by the terminal. Namely, the terminal may stat the time alignment timer (TAT)
(1f the TAT 1s not running) or may restart the time alignment timer (it the TAT 1s
already running).

When the terminal receives a timing advance command 1n a random access response
message, 1f a random access preamble and physical random access channel (PRACH)
resource were explicitly signaled except the case when the ordered random access

preamble was 00000, then the terminal may apply the timing advance command, then
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the terminal may start the time alignment timer (if the TAT 1s no running) or may
restart the time alignment timer (if the TAT 1s already running), 1t the random access
preamble and PRACH resource were not explicitly signaled or the random access
preamble and PRACH resource were explicit signaled and the ordered random access
preamble was 00000, and if the time alignment timer 1s not running or has expired,
then the terminal may apply the timing advance command, and may start the time
alignment timer, when a contention resolution 1s considered not successtully, the
terminal may stop the time alignment timer, in other case except tor the above, the
terminal may ignore the received timing advance command.

The above description of the time synchronization operation for the uplink
transmission according to the ftirst embodiment of the present invention can be rep-
resented by a tollowing text procedure:

The UE shall:

- when a Timing Advance Command MAC control element is received:

- apply the Timing Advance Command;

- start the Time Alignment Timer (if not running) or restart the Time Alignment
Timer (if already running).

- when a Timing Advance Command is received 1n a Random Access Response
message:

- 1f the Random Access Preamble and PRACH resource were explicitly signalled
except the case when the ordered RA preamble was 00000:

- apply the Timing Advance Command;

- start the Time Alignment Timer (if not running) or restart the Time Alignment
Timer (if already running).

- else, if the Time Alignment Timer 1s not running or has expired:

- apply the Timing Advance Command;

- start the Time Alignment Timer;

- when the contention resolution is considered not successtul, stop the Time
Alignment Timer.

- else:

- 1ignore the received Timing Advance Command.

- when the Time Alignment Timer has expired or 1s not running:

- prior to any UL-SCH transmission, use the Random Access procedure 1n order to
obtain uplink Time Alignment.

- when the Time Alignment Timer expires:

- tlush all HARQ butters and consider the next transmission tor each process as the

very first transmission;
- notifty RRC of PUCCH/SRS release;

CA 02747789 2011-06-20
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[87]
(53]

[89]

[90]

[91]

[92]
[93]
[94]

- clear any configured downlink assignments and uplink grants.

The description of a time synchronization operation for an uplink transmission
according to a second embodiment of the present invention will be given as tollowing.

When terminal receives an explicit order from Network to start a random access
procedure, the terminal starts a random access procedure. In this case, 1t the ordered
random access preamble 1s equal to *00000°, the terminal switches to contention based
random access and the UE has to select one ot the contention based random access
preamble. Then, the terminal will transmit the selected random access preamble to
network. In order words, if the order preamble 1s not ‘00000°, the transmitted random
access preamble 1s what has been signaled by network. And, i1t the order preamble 1s
‘00000’, the transmitted random access preamble 1s what has been selected by UE.
Thus, that random access response were explicitly signaled and the signaled random
access response 1s not ‘00000 means that the transmitted random access response 1S
not selected by terminal. Thus, based on whether the actually transmitted random
access preamble 1s selected by terminal, the terminal decides whether to apply the
received timing advance command or not. In the transmitted random access preamble
1s selected by terminal, when the terminal (or User equipment) receives a timing
advance command MAC (medium access control) element, the received timing
advance command may be applied by the terminal. Namely, the terminal may stat the
time alignment timer (TAT) (if the TAT 1s not running) or may restart the time
alignment timer (if the TAT 1s already running).

When the terminal receives a timing advance command 1n a random access response
message, 1f a random access preamble, which was transmitted by terminal, was not
selected by a terminal (e.g., UE MAC), then the terminal may apply the timing
advance command, then the terminal may start the time alignment timer (if the TAT 1s
no running) or may restart the time alignment timer (if the TAT 1s already running), it
the random access preamble and PRACH resource were not explicitly signaled and 1t
the time alignment timer 1s not running or has expired, then the terminal may apply the
timing advance command, and may start the time alignment timer, when a contention
resolution 1s considered not successtully, the terminal may stop the time alignment
timer, 1n other case except tor the above, the terminal may ignore the received timing
advance command.

The above description of the time synchronization operation tor the uplink
transmission according to the second embodiment of the present invention can be rep-
resented by a tollowing text procedure:

The UE shall:

- when a Timing Advance Command MAC control element is received:

- apply the Timing Advance Command;
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[95] - start the Time Alignment Timer (1f not running) or restart the Time Alignment
Timer (if already running).

[96] - when a Timing Advance Command i1s received in a Random Access Response
message:

[O7] - 1f the Random Access Preamble was not selected by UE MAC:

98] - apply the Timing Advance Command;

[99] - start the Time Alignment Timer (1f not running) or restart the Time Alignment
Timer (if already running).

[ 100] - else, 1f the Time Alignment Timer 1s not running or has expired:

[101] - apply the Timing Advance Command;

[102] - start the Time Alignment Timer;

[103] - when the contention resolution is considered not successtul, stop the Time
Alignment Timer.

[104] - else:

[ 1035] - 1ignore the received Timing Advance Command.

[106] - when the Time Alignment Timer has expired or 1s not running:

[107] - prior to any UL-SCH transmission, use the Random Access procedure 1n order to
obtain uplink Time Alignment.

[ 108] - when the Time Alignment Timer expires:

[109] - tlush all HARQ butters and consider the next transmission for each process as the
very first transmission;

[110] - notity RRC of PUCCH/SRS release;

[111] - clear any contfigured downlink assignments and uplink grants.

[112] Figure 6 shows an exemplary view of a time synchronization operation for an uplink
transmission according to the present invention.

[113] As 1llustrated 1n Figure 6, a network (1.e., base station) may transmit random access

preamble related information to a terminal. Here, the information relating to the
random access preamble may indicate an 1dentity of the random access preamble, or
may indicate an index of the random access preamble. Here, the index ot the random
access preamble may be referred as a ‘ra-Preamblelndex’. Further, the index of the
random access preamble may be related with a ‘PRACH resource index’, which 1s an
index of a PRACH within a system frame, and a ‘ra-PRACH-MaskIndex’, which
detines in which PRACHSs within a system tframe the UE can transmit a random access
preamble. After the information related to the random access preamble 1s transmitted
to the terminal, the terminal may transmit the random access preamble to the base
station. Thereafter, a time alignment command (TAC) 1s transmitted from the base
station. Here, the time alignment command may be used to start a timer such as a

timing alignment timer (TAT). Once the time alignment command 1s received, the
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[114]

[115]

[116]

[117]

terminal may check a type of the transmitted random access preamble in order to
determine whether the received time alignment command should be applied or not. For
example, 1t the transmitted random access preamble 1s determined to be selected by the
network, the received time alignment command 1s applied by the terminal to start or
restart the timer. However, 1t the transmitted random access preamble 1s determined to
be selected by the terminal, the received time alignment command 1s not applied by the
terminal.

According to the present invention, an ettective uplink synchronization command
handling method has been provided. Namely, a stability ot call by the terminal may be
improved, a data loss or a delay of the data transmission may be minimized, and any
signal interference(s) causing by an unnecessary uplink transmission of TAC may be
prevented.

The present disclosure may provide a method of pertorming a random access
procedure by a terminal in wireless communication system, the method comprising:
rece1ving a command for starting a timer; determining whether a random access
preamble transmitted in the random access procedure 1s not selected by a terminal; and
starting or restating the timer 1f 1t 1s determined that the random access preamble 1s not
selected by the terminal, wherein the recerved command 1s 1gnored if 1t 1s determined
that the random access preamble 1s selected by the terminal, the command 1s a time
alignment command (TAC), the command 1s recerved 1n a random access response
message, and the timer 1s a time alignment timer (TAT).

It can be also said that the present disclosure may provide a method ot pertorming a
random access procedure by a terminal 1n wireless communication system, the method
comprising: receiving information related to a random access preamble from a
network; transmitting a random access preamble to the network; receiving a command
for starting a timer; determining whether the random access preamble transmitted in
the random access procedure 1s selected by a network; starting or restating the timer 1t
it 1s determined that the random access preamble 1s selected by the network; de-
termining whether the received information indicates a specitic preamble identity; and
selecting a random access preamble if 1t 1s determined that the received information
indicates the specific preamble 1identity, wherein an index of the specific preamble
identity 1s 00000, the received command 1s 1gnored if it 1s determined that the random
access preamble 1s not selected by the network, the command is a time alignment
command (TAC), the command 1s received 1in a random access response message, the
timer 1s a time alignment timer (TAT), and the all of the steps are performed in a MAC
layer.

Although the present disclosure 1s described 1n the context of mobile commu-

nications, the present disclosure may also be used 1n any wireless communication
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systems using mobile devices, such as PDAs and laptop computers equipped with
wireless communication capabilities (i.e. interface). Moreover, the use of certain terms to
describe the present disclosure is not intended to limit the scope of the present disclosure
to a certain type of wireless communication system. The present disclosure is also
applicable to other wireless communication systems using different air interfaces and/or
physical layers, for example, TDMA, CDMA, FDMA, WCDMA, OFDM, EV-DO, Wi-
Max, Wi-Bro, etc.

[118] The exemplary embodiments may be implemented as a method, apparatus or article of
manufacture using standard programming and/or engineering techniques to produce
software, firmware, hardware, or any combination thereof. The term "article of

- manufacture" as used herein refers to code or logic implemented in hardware logic (e.g.,
an integrated circuit chip, Field Programmable Gate Array (FPGA), Application Specific
Integrated Circuit (ASIC), etc.) or a computer readable medium (e.g., magnetic storage
medium (e.g., hard disk drives, floppy disks, tape, etc.), optical storage (CD-ROMs,
optical disks, etc.), volatile and non-volatile memory devices (e.g., EEPROMSs, ROMs,
PROMSs, RAMs, DRAMs, SRAMs, firmware, programmable logic, etc.).

[119] Code 1n the computer readable medium may be accessed and executed by a processor.
The code in which exemplary embodiments are implemented may further be accessible
through a transmission media or from a file server over a network. In such cases, the
article of manufacture in which the code 1s implemented may comprise a transmission
media, such as a network transmission line, wireless transmission media, signals
propagating through space, radio waves, infrared signals, etc. Of course, those skilled in
the art will recognize that many modifications may be made to this configuration without
departing from the scope of the present disclosure, and that the article of manufacture
may comprise any information bearing medium known in the art.

[120] While specific embodiments have been described and 1llustrated, such embodiments
should be considered illustrative only and not as limiting the invention as defined by the

accompanying claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1.

A method of performing a random access procedure by a terminal in wireless

communication system, the method comprising:

recerving, at the terminal, a command for starting a time alignment timer that 1s

used to control how long the terminal is considered uplink time aligned,

wherein the command 1s a time advance command (TAC), and the command is

recerved 1n a random access response message;

determining, at the terminal, whether a random access preamble was explicitly

signaled and an index of the random access preamble was not 00000; and

if 1t 1s determined that the random access preamble was explicitly signaled and
the index of the random access preamble was not 00000, applying the time

advance command, and starting or restarting the time alignment timer; and

if 1t 1s determined that the random access preamble was not explicitly signaled
and 1f the time alignment timer 1s not running, applying the time advance
command, starting the time alignment timer, and stopping the timer alignment

timer when a contention resolution 1s considered not successtul,

wherein the received command 1s 1gnored if it 1s determined that the random
access preamble was not explicitly signaled and the time alignment timer is

running.

The method of claim 1, wherein the index of the random access preamble is a ‘ra-
Preamblelndex’, which 1s related with at least a ‘PRACH (Physical Random Access
Channel) resource index’ that 1s an index of a PRACH within a system frame or a ‘ra-
PRACH-MaskIndex’ defining in which PRACHs within a system frame the terminal can

transmit the random access preamble.
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The method of claim 1, wherein the random access procedure is a non-contention based
random access procedure 1f the random access preamble was explicitly signaled and the
index of the random access preamble was not 00000 in the determining step, wherein a
one-to-one mapping existed between the terminal and the random access preamble

during the non-contention based random access procedure.

The method of claim 1, wherein the random access procedure is a contention based
random access procedure i1f the random access preamble was not explicitly signaled in
the determining step, wherein a one-to-N mapping 1s existed between the terminal and

the random access preamble during the contention based random access procedure.

The method of claim 1, wherein the random access procedure 1s a non-contention based
random access procedure 1f the random access preamble was explicitly signaled and the
index of the random access preamble was not 00000 in the determining step, wherein a
dedicated random access preamble 1s used in the non-contention based random access

procedure.

The method of claim 1, wherein a total number of random access preamble used in the
random access procedure 1s 64, and some of the random access preambles are allocated
for a non-contention based random access procedure and rest of the random access

preambles are allocated for a contention based random access procedure.

The method of claim 1, wherein the all of the steps are performed in a MAC layer.

The method of claim 1, wherein the received command 1s ignored if the terminal
switches to perform a non-contention based random access procedure from a contention

based random access procedure.



1/3
CA 02747789 2011-06-20

WO 2010/079941 PCT/KR2010/000054

[Fig. 1]
E-UMTS
Core Network
Access
Gateway E-UTRAN
/
I eNode B eNode B
L ' 1
[FIg. 2]
I RRC RRC
I RLC RLC
MAC MAC
PHY PHY
UE E-UTRAN
[Fi1g. 3]
| PDCP PDCP
RLC RLC
MAC MAC
PHY PHY

UE E-UTRAN



2/3
CA 02747789 2011-06-20

WO 2010/079941
[FIg. 4]
UE eNB
@ —-Random Access Preamble
‘Random Access Response @
@ ——Scheduled Transmission
Contention Resolution @
[FI1g. 5]
UE eNB

9

‘A Preamble assignment

Random Access Preamble—p» @

<€—Random Access Response—|

PCT/KR2010/000054



3/3
CA 02747789 2011-06-20

WO 2010/079941 PCT/KR2010/000054
[FIg. 6]

eNB

Random access preamble related information

Random access preamble

Time Alignment command (TAC)

determining a type
of the random
access preambie

(re)starting a timer
or ignoring the TAC




I Random access preamble related information

Random access preamble

Time Alignment command (TAC)
-—

determining a type
of the random
access preamble

(re)starting a timer
or ignoring the TAC




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	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 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - abstract drawing

