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(57) ABSTRACT

A method and apparatus for handover in a wireless commu-
nication system. A connection can be established with a
mobile station (110). A measurement report can be received at
a source base station (120) from the mobile station. The
source base station can determine that the mobile station
should perform a handover from the source base station to the
target base station (130). Timing advance information can be
received at the source base station from the target base station.
The timing advance information can be forwarded from the
source base station to the mobile station. A connection of the
mobile station can be switched from the source base station to
the target base station.
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METHOD AND APPARATUS FOR
HANDOVER IN A WIRELESS
COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is related to the application entitled
“Method and Apparatus for Handover in a Wireless Commu-
nication System,” Motorola case number CS33395 and the
application entitled “Method and Apparatus for Handover in
a Wireless Communication System,” Motorola case number
(CS33279, filed on even date herewith and commonly
assigned to the assignee of the present application, which is
hereby incorporated by reference.

BACKGROUND

[0002] 1. Field

[0003] The present disclosure is directed to a method and
apparatus for handover in a wireless communication system.
More particularly, the present disclosure is directed to han-
dover of a mobile station from a source base station to a target
base station.

[0004] 2. Description of Related Art

[0005] Presently, wireless network systems can use mul-
tiple base stations to provide coverage for mobile stations,
such as cellular phones. When traveling in a wireless network
system, the mobile station can be handed off from one base
station to another depending on which one is best suited for
the mobile station. For example, when the mobile station is
using a first base station and then moves closer to a second
base station, the first base station can hand the mobile station
over to the second base station if it determines the second base
station will provide a better signal for the mobile station. Such
a procedure can be used in current systems and Fourth Gen-
eration (4G) systems, such as the Third Generation Partner-
ship Project Long Term Evolution (3GPP LTE) system.
[0006] Unfortunately, signaling in current networks result
in call interruptions when the mobile station is handed over
from one base station to another. For example, in current
systems, the procedure to acquire uplink synchronization
with the target base station requires the mobile station to
interrupt its uplink and downlink data transfer through the
source base station. Due to delays involved in re-routing
un-transmitted packets for transmission via the target base
station, such packets may be too late and may simply be
discarded, especially for real-time services such as voice.
Furthermore, the probability of success of a Random Access
Channel (RACH) attempt can vary and, in cases where the
mobile station is near a boundary of the source base station
and the target base station, it is likely that the RACH proce-
dure will take several attempts. With current interruption
times of 10-20 ms the outage criterion is quickly reached and
a mobile station that sees a 2% Frame-Error Rate (FER) is
considered to be in outage.

[0007] Another problem exists for non-contention pre-
ambles that are used to avoid RACH transmission conflicts
between different mobile stations by distinguishing between
different mobile stations. Assigning a non-contention pre-
amble is a very complex task at the target base station. Since
the preamble is used on the RACH of the target base station,
it has to be picked by the target base station, so that it can
assign different preambles to different mobile stations that are
attempting handover into the target base station. The target
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base station has to process handover requests from different
source base stations in real-time, and reserve RACH pre-
ambles for each request. This reserved preamble has to be
communicated to the respective source base stations which
then assign them to the respective mobile stations. The time
required to deliver the message containing the reserved
RACH preamble to the mobile station can vary; thus the target
base station has to reserve the RACH preamble for multiple
RACH opportunities. The target base station also needs to
maintain a timer associated with each assigned preamble and
release the preamble into the available pool if the preamble is
not used within a certain time limit. While this implementa-
tion is necessary to maintain the contention-free property, the
likelihood of two or more mobile stations attempting to han-
dover to a target base station at the same RACH opportunity
is generally low. Thus, the gains of the contention-free
scheme are not commensurate with the complexity of the
procedure required to manage the contention-free scheme.
[0008] Thus, there is a need for handover procedures that
eliminate or minimize the interruption time. There is also a
need for handover procedures that are less complex and effec-
tively contention-free.

SUMMARY

[0009] The present disclosure can provide a handover pro-
cedure that eliminates or minimizes the interruption time. The
present disclosure can also provide a handover procedure that
is less complex and effectively contention-free. A connection
can be established with a mobile station. A measurement
report can be received at a source base station from the mobile
station. The source base station can determine that the mobile
station should perform a handover from the source base sta-
tion to the target base station. Timing advance information
can be received at the source base station from the target base
station. The timing advance information can be forwarded
from the source base station to the mobile station. A connec-
tion of the mobile station can be switched from the source
base station to the target base station.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The embodiments of the present disclosure will be
described with reference to the following figures, wherein
like numerals designate like elements, and wherein:

[0011] FIG.1 is an exemplary diagram of a system accord-
ing to one embodiment;

[0012] FIG. 2 is an exemplary block diagram of a base
station according to one embodiment;

[0013] FIG. 3 is an exemplary signal diagram illustrating
the operation of a wireless system according to one embodi-
ment;

[0014] FIG. 4 is an exemplary signal diagram illustrating
the operation of a wireless system according to another
embodiment;

[0015] FIG. 5 is an exemplary signal diagram illustrating
the operation of a wireless system according to another
embodiment; and

[0016] FIG. 6 is an exemplary illustration of preamble
assignment in a wireless system according to one embodi-
ment.

DETAILED DESCRIPTION

[0017] FIG. 1 is an exemplary diagram of a system 100
according to one embodiment. The system 100 can include a
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mobile station 110, a source base station 120, and a target
base station 130. The mobile station 110 may be a wireless
communication device, such as a wireless telephone, a cellu-
lar telephone, a personal digital assistant, a pager, a personal
computer, a selective call receiver, or any other device that is
capable of sending and receiving communication signals on a
network including wireless network. The base stations 120
and 130 may be any combination of wireless base stations,
cellular base stations, access points, or any other base station
useful for sending and receiving wireless signals to and from
a mobile station. The system 100 may include any type of
network that is capable of sending and receiving signals, such
as wireless signals. For example, the system 100 may include
a wireless telecommunications network, a cellular telephone
network, a Time Division Multiple Access (TDMA) network,
a Code Division Multiple Access (CDMA) network, a satel-
lite communications network, a wireless local area network, a
Global System for Mobile (GSM) communications network,
Orthogonal Frequency Division Multiplexed (OFDM) sys-
tems, and other wireless communication systems. Further-
more, the system 100 may include more than one network and
may include a plurality of different types of networks. Thus,
the system 100 may include a plurality of data networks, a
plurality of telecommunications networks, a combination of
data and telecommunications networks and other like com-
munication systems capable of sending and receiving com-
munication signals.

[0018] In operation, the source base station 120 can estab-
lish a connection with the mobile station 110. The source base
station 120 can receive a measurement report from the mobile
station 110. The source base station 120 can determine the
mobile station 110 should perform a handover from the
source base station 120 to the target base station 130. The
source base station 120 can then generate a random access
channel preamble in response to determining the mobile sta-
tion 110 should perform a handover. The random access
channel preamble can be a temporary mobile equipment iden-
tifier for the mobile station 110. The source base station 120
can send the random access channel preamble to the mobile
station 110. The source base station 120 can then switch the
connection with the mobile station 110 to the target base
station 130.

[0019] The random access channel preamble can thus be
used as a part of a procedure to initiate connection to a target
base station during a handover. It can also be also used as a
part of a procedure to initiate a connection when there is not
one already present. Typically, it may be possible that two or
more mobile stations can try to initiate connection to a base
station at the same time. In such a situation, the colliding
messages from these mobile stations could erase each other
and the base station would not receive anything decipherable.
This situation can lead to delays, excessive retransmission of
the connection initiation and other problems. In order to
prevent this situation of multiple mobiles trying to initiate a
connection at the same time and erasing each others’ trans-
missions, a random access channel preamble can be used.
Typically, the random access channel preamble can be a short
bit sequence randomly chosen by a mobile station and
included in its connection initiation message. The base station
can receive and distinguish multiple connection initiation
messages because of the random access channel preamble.
That is, although the base station does not know which
mobiles are attempting a connection initiation, it can know
that there are a certain number of mobiles attempting connec-
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tion initiation. It may still be possible for difterent mobiles to
pick the same random access channel preamble since it is
picked randomly. Thus, the chosen random access channel
preamble cannot necessarily be used to temporarily identify
the mobile. According to the present disclosure, since we can
ensure that different mobile stations do not get assigned the
same random access channel preamble, we can use the ran-
dom access channel preamble as a temporary identifier of a
mobile station. We can perform the random access channel
preamble assignment at the source base station rather than the
target base station.

[0020] In further operation, the source base station 120 can
send the random access channel preamble to the target base
station 130. The source base station 120 can receive, from the
target base station 130, after sending the random access chan-
nel preamble to the target base station 130, a timing advance
message including timing advance information for the mobile
station 130. The source base station 120 can then send the
timing advance message to the mobile station 110. The source
base station 120 can also receive, from the target base station
130, after sending the random access channel preamble to the
target base station 130, a medium access control identifier for
the mobile station 110 and a timing advance message includ-
ing timing advance information for the mobile station 110.
The source base station 120 can then send the medium access
control identifier and the timing advance message to the
mobile station 110.

[0021] The source base station 120 can sending the random
access channel preamble to the target base station 130 by
sending, after determining the mobile station 110 should
perform a handover, a handover request to the target base
station 130, the handover request requesting handover of the
mobile station 110 from the source base station 120 to the
target base station 130, the handover request including the
random access preamble.

[0022] The source base station 120 can also send a persis-
tent resource assignment message to the mobile station 110,
the persistent resource assignment message indicating
resources reserved for handover communications. The source
base station 120 can send the random access channel pre-
amble to the mobile station 110 by sending a handover prepa-
ration message over a resource reserved for handover com-
munications to the mobile station 110, the handover
preparation message including the random access channel
preamble.

[0023] The source base station 120 can generate the ran-
dom access channel preamble at the source base station 120
by selecting the random access channel preamble from a set
of a plurality of random access channel preambles reserved
for handover. The set of a plurality of preambles can be shared
between a plurality of base stations in adjacent cells and
wherein a base station of the plurality of base stations selects
a random access channel preamble based on a different start-
ing random access channel preamble within the set of a plu-
rality of preambles from at least one other base station of the
plurality of base stations. The source base station 120 can
select the random access channel preamble from a set of a
plurality of random access channel preambles by selecting a
first preamble in a sequence of a plurality of random access
channel preambles in response to receiving a first measure-
ment report and the subsequent preamble in the sequence in
response to receiving a second measurement repott.

[0024] According to a related embodiment, the mobile sta-
tion 110 can establish a connection with a source base station
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120. The mobile station 110 can send a measurement report to
the source base station. The mobile station 110 can receive a
persistent resource assignment message from the source base
station 120. The persistent resource assignment message can
indicate resources reserved for handover communications.
The mobile station 110 can also receive a random access
channel preamble from the source base station 120. The ran-
dom access channel preamble can be a temporary mobile
equipment identifier for the mobile station 110. The mobile
station 110 can then switch the connection of the mobile
station 110 with the source base station 120 to the target base
station 130.

[0025] The mobile station 110 can receive the random
access channel preamble by receiving a handover preparation
message over a resource reserved for handover communica-
tions to the mobile station 110. The handover preparation
message can include the random access channel preamble.
The handover preparation message can be received after
receiving the persistent resource assignment message.
[0026] The mobile station 110 can also receive, from the
source base station 120, a timing advance message including
timing advance information for the mobile station 110. The
mobile station 110 can receive, from the source base station
120, a medium access control identifier for the mobile station
110 and a timing advance message including timing advance
information for the mobile station 110.

[0027] According to another embodiment, the target base
station 130 can receive a handover indication from the source
base station 120 that is connected with the mobile station 110.
Thehandover indication can include a random access channel
preamble, the random access channel preamble comprising a
temporary mobile equipment identifier for the mobile station
110. The target base station 130 can then receive the random
access channel preamble from the mobile station 110. In
response to receiving random access channel preamble, the
target base station 130 can send a timing advance message.
The timing advance message can be addressed by the random
access channel preamble and a source base station identifier.
The target base station 130 can then switch the connection
with the mobile station 110 from the source base station 120
to the target base station 130.

[0028] The target base station 130 can calculate the timing
advance for the mobile station for the timing advance mes-
sage. The timing advance message can include at least one of
the timing advance for the mobile station and an uplink grant
for the mobile station. The timing advance can be calculated
based on the propagation time of radio waves between the
mobile station and the target base station.

[0029] The random access channel preamble can be based
on selecting the random access channel preamble from a set
of a plurality of random access channel preambles reserved
for handover. The set of a plurality of preambles can be shared
between a plurality of base stations in adjacent cells. A base
station of the plurality of base stations can select a random
access channel preamble based on a different starting random
access channel preamble within the set from at least one other
base station of the plurality of base stations.

[0030] The target base station 130 can receive a handover
indication by receiving a handover indication from a source
base station 120 that is connected with the mobile station 110.
Thehandover indication can include a random access channel
preamble associated with the mobile station 110. The han-
dover indication can be received in response to the source
base station 120 receiving a measurement report from the
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mobile station 110 and making a handover determination
based on the measurement repott.

[0031] According to a related embodiment, the mobile sta-
tion 110 can establish a connection with the source base
station 120. The mobile station 110 can send a measurement
report to the source base station 120, the source base station
120 having a source base station identity. The mobile station
110 can receive a handover command including a random
access channel preamble. The random access channel pre-
amble can be a temporary mobile equipment identifier. The
mobile station 110 can send the random access channel pre-
amble to a target base station 130. The mobile station 110 can
receive a timing advance message from the target base station
130. The timing advance message can be addressed by atleast
the random access channel preamble and a source base station
identity. The mobile station 110 can then switch the connec-
tion from the source base station 120 to the target base station
130.

[0032] The timing advance message can include the timing
advance for the mobile station 110 and a medium access
control identifier. The timing advance message can include
the timing advance for the mobile station 110, a medium
access control identifier, and an uplink grant for the mobile
station 110. The timing advance can be based on the propa-
gation time of radio waves between the mobile station 110
and the target base station 130.

[0033] The handover command can include the random
access channel preamble and an assignment of transmit and
receive gaps for further communications regarding the ran-
dom access channel preamble. The mobile station 110 can
wait for a handover response directly from the target base
station 130 after sending the random access channel preamble
to the target base station 130 instead of waiting for a handover
response from the source base station 120.

[0034] According to another embodiment, the source base
station 120 can establish a connection with the mobile station
110. The source base station 120 can receive a measurement
report at the source base station 120 from the mobile station
110. The source base station 120 can determine that the
mobile station 110 should perform a handover from the
source base station 120 to a target base station 130. The
source base station 120 can receive timing advance informa-
tion from the target base station 130. The source base station
120 can forward the timing advance information to the mobile
station 110. The source base station 120 can then perform a
handover by switching a connection of the mobile station 110
from the source base station 120 to the target base station 130.

[0035] The source base station 120 can forward data
intended for the mobile station 110 to the target base station
130 in response to receiving the timing advance information
from the target base station 130. The data intended for the
mobile station 110 can be buffered in the source base station
120 prior to forwarding the data to the target base station 130.

[0036] The source base station 120 can receive timing
advance information by receiving timing advance informa-
tion and a medium access control identifier from the target
base station 130. The source base station 120 can then for-
ward the timing advance information by forwarding the tim-
ing advance information and the medium access control iden-
tifier to the mobile station 110. The source base station 120
can forward the timing advance information by sending a
handover command including the timing advance informa-
tion to the mobile station 110.
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[0037] The source base station 120 can generate a random
access channel preamble comprising a temporary mobile
equipment identifier for the mobile station 110 and send the
random access channel preamble to the mobile station 110.
The source base station 120 can also send a persistent
resource assignment message to the mobile station 110. The
persistent resource assignment message can indicate
resources reserved for handover communications. The source
base station 120 can send the random access channel pre-
amble to the mobile station by sending a handover prepara-
tion message over a resource reserved for handover commu-
nications to the mobile station 110. The handover preparation
message can include the random access channel preamble.
The source base station 120 can generate the random access
channel preamble by selecting the random access channel
preamble from a set of a plurality of random access channel
preambles reserved for handover. The set of a plurality of
preambles can be shared between a plurality of base stations
in adjacent cells. A base station of the plurality of base sta-
tions can select a random access channel preamble based on
a different starting random access channel preamble within
the set from at least one other base station of the plurality of
base stations.

[0038] According to a related embodiment, the mobile sta-
tion 110 can establish a connection with the source base
station 120. The mobile station 110 can transmit a measure-
ment report to the source base station 120. The mobile station
110 can receive timing advance information from the source
base station 120. The mobile station 110 can then switch a
connection from the source base station 120 to a target base
station 130.

[0039] The mobile station 110 can receive the timing
advance information by receiving the timing advance infor-
mation and the medium access control identifier. The mobile
station 110 can also receive the timing advance information
by receiving a handover command including the timing
advance information from the source base station 120.

[0040] The mobile station 110 can also receive random
access channel preamble from the source base station 120.
The mobile station 110 can receive a persistent resource
assignment message from the source base station 120. The
persistent resource assignment message can indicate
resources reserved for handover communications. The
mobile station 110 can receive the random access channel
preamble by receiving a handover preparation message over a
resource reserved for handover communications. The han-
dover preparation message can include the random access
channel preamble. The random access channel preamble
from the source base station 120 can be based on a set of a
plurality of random access channel preambles reserved for
handover. The set of a plurality of preambles can be shared
between a plurality of base stations in adjacent cells. A base
station of the plurality of base stations can select a random
access channel preamble based on a different starting random
access channel preamble from at least one other base station
of the plurality of base stations.

[0041] FIG. 2 is an exemplary block diagram of a base
station 200, such as the source base station 120 or the target
base station 130, according to one embodiment. The base
station 200 can include a housing 210, a controller 220
coupled to the housing 210, a transceiver 230 coupled to the
housing 210, an antenna 240 coupled to the transceiver 230, a
random access channel preamble generation module 250, and
atiming advance generation module 260. The transceiver 230
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can include a transmitter 232 and a receiver 234 for transmit-
ting and receiving signals over a wireless or a wired network.
The transceiver 230 may also include multiple transceivers
for communicating over wireless and/or wired networks. For
example, the transceiver 230 may include a wireless trans-
ceiver for communicating with the mobile station 110 and
may include a wired transceiver for communicating with
other base stations. The random access channel preamble
generation module 250 and the timing advance generation
module 260 can be coupled to the controller 220, can reside
within the controller 220, can be autonomous modules, can be
software, can be hardware, or can be in any other format
useful for a module in a base station 200.

[0042] According to one embodiment, the base station 200
can act as a source base station for handover of a mobile
station from the source base station to a target base station.
Accordingly, the transceiver 230 can establish a connection
with the mobile station. The transceiver 230 can also receive
a measurement report from the mobile station. The controller
220 can determine the mobile station should perform a han-
dover from the source base station to a target base station. The
random access channel preamble generation module 250 can
generate a random access channel preamble in response to
determining the mobile station should perform a handover.
The random access channel preamble can include a tempo-
rary mobile equipment identifier for the mobile station. The
transceiver 230 can send the random access channel preamble
to the mobile station. The controller 220 can then switch the
connection with the mobile station from the source base sta-
tion to the target base station.

[0043] Thetransceiver 230 can also send the random access
channel preamble to the target base station. After sending the
random access channel preamble to the target base station, the
transceiver 230 can receive, from the target base station, a
timing advance message including timing advance informa-
tion for the mobile station. The transceiver 230 can also send
the timing advance message to the mobile station. After deter-
mining the mobile station should perform a handover, the
transceiver 230 can further send a handover request to the
target base station. The handover request can include the
random access preamble and can request handover of the
mobile station from the source base station to the target base
station.

[0044] The transceiver 230 can also send a persistent
resource assignment message to the mobile station. The per-
sistent resource assighment message can indicate resources
reserved for handover communications. The transceiver can
additionally send the random access channel preamble to the
mobile station by sending a handover preparation message
over a resource reserved for handover communications to the
mobile station. The handover preparation message can
include the random access channel preamble.

[0045] The random access channel preamble generation
module 250 can generate the random access channel pre-
amble by selecting the random access channel preamble from
a set of a plurality of random access channel preambles
reserved for handover. The set of a plurality of preambles can
be shared between a plurality of base stations in adjacent
cells. A base station of the plurality of base stations can select
a random access channel preamble based on a different start-
ing random access channel preamble from at least one other
base station of the plurality of base stations.

[0046] According to another embodiment, the base station
200 can act as a target base station for handover of a mobile
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station from a source base station to the target base station.
Accordingly, the receiver 234 can receive a handover indica-
tion from a source base station that is connected with the
mobile station. The handover indication can include random
access channel preamble. The random access channel pre-
amble can include a temporary mobile equipment identifier
for the mobile station. The receiver 234 can also receive the
random access channel preamble from the mobile station.
The controller 220 can control the operations of the target
base station. The controller 220 can process the handover
indication to determine a handover is desired for the mobile
station associated with the random access channel preamble.
Inresponse to receiving random access channel preamble, the
timing advance message generation module 260 can generate
a timing advance message and address the timing advance
message based on the random access channel preamble and a
source base station identifier. The transmitter 232 can send
the timing advance message to the mobile station. The con-
troller 220 can then switch the connection with the mobile
station from the source base station to the target base station
200.

[0047] The timing advance message generation module
260 can calculate a timing advance for the mobile station for
inclusion in the timing advance message. The timing advance
message can include the timing advance for the mobile station
and an uplink grant for the mobile station. The timing advance
can calculated based on the propagation time of radio waves
between the mobile station and the target base station.
[0048] The random access channel preamble can be based
on selecting the random access channel preamble from a set
of a plurality of random access channel preambles reserved
for handover. The set of a plurality of preambles can be shared
between a plurality of base stations in adjacent cells. A base
station of the plurality of base stations can select a random
access channel preamble based on a starting random access
channel preamble within the set different from a starting
random access channel preamble assigned to at least one
other base station of the plurality of base stations.

[0049] The receiver 234 can receive the handover indica-
tion from a source base station that is connected with the
mobile station. The handover indication can include a random
access channel preamble associated with the mobile station.
The handover indication can be received in response to the
source base station receiving a measurement report from the
mobile station and making a handover determination based
on the measurement report.

[0050] According to another embodiment, the base station
200 can act as a source base station for handover of a mobile
station from the source base station to a target base station.
Accordingly, the transceiver 230 can establish a connection
with the mobile station and receive a measurement report
from the mobile station. The controller 220 can determine
that the mobile station should perform a handover from the
source base station to a target base station. The transceiver
230 canreceive timing advance information at the source base
station from the target base station. The transceiver 230 can
then forward the timing advance information from the source
base station to the mobile station. The controller 220 can then
switch a connection of the mobile station from the source base
station to the target base station.

[0051] The transceiver 230 can forward data intended for
the mobile station to the target base station in response to
receiving the timing advance information from the target base
station. The data intended for the mobile station can be buft-
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ered in the source base station prior to forwarding the data to
the target base station. The transceiver 230 can also receive
timing advance information and a medium access control
identifier from the target base station. The transceiver 230 can
then forward the timing advance information and the medium
access control identifier to the mobile station. The transceiver
230 can forward the timing advance information by sending a
handover command including the timing advance informa-
tion from the source base station to the mobile station.

[0052] The controller 220 can generate a random access
channel preamble including a temporary mobile equipment
identifier for the mobile station. The transceiver 230 can then
send the random access channel preamble to the mobile sta-
tion. The transceiver 230 can send a persistent resource
assignment message to the mobile station. The persistent
resource assignment message can indicate resources reserved
for handover communications. The transceiver 230 can send
the random access channel preamble to the mobile station by
sending a handover preparation message over a resource
reserved for handover communications to the mobile station.
The handover preparation message can include the random
access channel preamble. The controller 220 can generate the
random access channel preamble at the source base station by
selecting a next available random access channel preamble in
set of a plurality of random access channel preambles
reserved for handover. The set of a plurality of preambles can
be shared between a plurality of base stations in adjacent
cells. A base station of the plurality of base stations can select
a random access channel preamble based on a different start-
ing random access channel preamble within the set from a
starting random access channel preamble designated for at
least one other base station of the plurality of base stations.

[0053] FIG. 3 is an exemplary signal diagram illustrating
the operation of a wireless system according to one embodi-
ment. In step 305, the mobile station 110, such as User Equip-
ment (UE) 110 and the source base station 120, such as an
Evolved Node-B (eNB), can establish a connection and
exchange data. In step 310, the mobile station can send a
measurement report to the source base station 120. In step
315, the source base station 120 can decide to perform a
handover of the mobile station to the target base station 130.
In step 320, the source base station 120 can communicate
with target eNB to request the handover. In step 325, the target
base station 130 can agree to the handover and provide a
medium access control identifier (MAC ID), such as a
reserved Cell Radio Network Temporary Identifier (C-RNTI)
for the mobile station 110 to the source base station 120. In
step 330, the source base station 120 can send a persistent
resource assignment for the transmission of a handover
preparation message and the handover command. This
assignment can discontinue any previous persistent assign-
ment the mobile station 110 might have had, such as for Voice
over Internet Protocol (VoIP). The persistent resource assign-
ment can be used to increase the chance of quick and success-
ful delivery of the handover preparation message and the
handover command. In step 335, the source base station 120
can use the persistent resource to send the handover prepara-
tion command to the mobile station 110. The handover prepa-
ration command can be a small message, such as about 50
bits, and can be transmitted using enough resource blocks to
guarantee delivery on the first attempt, for example, without a
Hybrid Automatic Request (HARQ) re-transmission. The
handover preparation command can include a schedule for a
transmit/receive gap corresponding to RACH occasions on
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the target base station 130, a reserved RACH preamble on the
target base station, and the reserved MAC-ID. The reserved
RACH preamble can be assigned autonomously by the source
base station 120 without any co-ordination with the target
base station 130. The mobile station 110 can use the transmit/
receive gap to perform access for synchronization to the target
base station 130 without any interruption in traffic between
the mobile station 110 and the source base station 120. Thus,
in step 340, the mobile station 110 can send the reserved
RACH preamble and does not need to wait for a response
from the target base station 130. Instead it can continues the
Up Link (UL) and Down Link (DL) traffic with the source
base station 120. With this scheme, the gaps can be very
small, such as about 2 ms, so the source base station 120 can
still schedule traffic for the mobile station 110 without sig-
nificant delay, such as in step 345. Upon receipt of the
reserved RACH preamble, the target base station 130 can
calculate the mobile station’s timing advance and send it to
the source base station 120 in step 350. In step 355, the source
base station 120, can forward data that has been buffered for
the mobile station 110 to the target base station 130. In step
360, the source base station 120 can send a handover com-
mand including the timing advance to the mobile station 110.
The handover command message can be sent using the per-
sistent resource allocated in step 330. The handover com-
mand can be a small message, such as about 8-10 bits for
timing advance, and can be delivered using enough resource
blocks to guarantee delivery on the first attempt, such as
without HARQ re-transmission. If the mobile station 110
does not receive the handover command in a specified dura-
tion step 340 can be repeated. In step 365, the target base
station 130 can send an UL allocation message on a control
channel. Once the UL allocation message is received, in step
375, the mobile station 110 can send a handover complete
command to the target base station to establish a connection
and exchange data.

[0054] For the persistent scheduling mechanism, both the
handover preparation message and the handover command
can be small messages. The payload for the timing advance
can be 8-10 bits and the entire message is less than 20 bits.
The handover preparation message can contain the MAC ID,
the reserved RACH preamble (6 bits), the transmit/receive
gap schedule (approximately 10 bits). Thus, the handover
preparation message is likely to be less than 40 bits. The
control channel can allows 46 bits and typically even mobile
stations at the edge of the cell covered by a base station can
receive the control channel. Therefore, for two messages each
smaller than 46 bits, it is not necessary to use a DL control
channel to schedule the messages and then send the messages.
Instead a persistent resource assignment can be used. Accord-
ingly, a persistent resource assignment is provided, such as in
step 330, that assigns the mobile station 110 n occurrences of
two or more resource blocks per occurrence, where succes-
sive occurrences can be separated by t ms, such as about 10
ms. A minimum of two resource blocks can be used to ensure
that both of the messages go through on the first attempt in
cell edge conditions. The handover preparation message can
be transmitted using the assigned resource blocks. The
mobile station 110 can then send the RACH preamble to the
target base station in step 340 and return to the source base
station 120 and continue the connection while it waits for
handover command in the assigned resource blocks. In step
360, when the mobile station 110 receives the handover com-
mand, it can listen to the target base station 130, get UL
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allocation in step 365, and send a handover complete message
in step 370. Alternatively, the mobile station 110 could be sent
the UL allocation via the source base station 120 along with
the timing advance, which could still keep the handover com-
mand smaller than 46 bits.

[0055] FIG. 4 is an exemplary signal diagram illustrating
the operation of a wireless system according to another
embodiment. In step 405, the mobile station 110 and the
source base station 120 can establish a connection and
exchange data. In step 410, the mobile station can send a
measurement report to the source base station 120. In step
415, the source base station 120 can decide to perform a
handover of the mobile station to the target base station 130.
In step 425, the source base station 120 can acknowledge the
measurement report in a message that can include a transmit/
receive gap assignment and a RACH preamble. The T/R gap
can allow the mobile station 110 to switch to the target base
station 130, send the RACH preamble, and return to the
source base station 120. The mobile station 110 may not be
scheduled by the source base station 120 during the gap. The
RACH preamble can be assigned by the source base station
120 without any interaction with the target base station. In
step 420, the source base station 120 can send a message to the
target base station 130 indicating that a handover is starting.
The message can include the mobile station identity and the
reserved RACH preamble. In step 430, the mobile station 110
can send the reserved RACH preamble to the target base
station 130. The mobile station does not have to wait for a
response from the target base station 130. Instead it can con-
tinue the UL and DL traffic with source base station 120. With
this scheme, the gaps can be very small, such as about 2 ms,
so the source base station 120 can still schedule traffic for the
mobile station 110 without significant delay. Upon receipt of
the reserved RACH preamble, the target base station 130 can
calculate the mobile station’s timing advance. The target base
station can then construct and send to the source base station
120, in step 435, a handover command that includes the
timing advance, a MAC ID, and an UL grant. In step 440, the
source base station 120 can forward the handover command
to the mobile station 110. In step 445, the mobile station 110
can send a handover complete message to the target base
station 130 and start UL data transfer to establish a connec-
tion. In step 450, the mobile station 110 can exchange data
with the target base station 130.

[0056] FIG. 5 is an exemplary signal diagram illustrating
the operation of a wireless system according to another
embodiment. In step 505, the mobile station 110 and the
source base station 120 can establish a connection and
exchange data. In step 510, the mobile station can send a
measurement report to the source base station 120. In step
515, the source base station 120 can decide to perform a
handover of the mobile station to the target base station 130.
In step 525, the source base station 120 can send a handover
command, acknowledging the measurement report in a mes-
sage that can include a transmit/receive gap assignment and a
RACH preamble. In step 520, the source base station 120 can
send a message to the target base station 130 indicating that a
handover is starting and wait for a response directly from the
target base station 130. The message can include the reserved
RACH preamble. In step 530, the mobile station 110 can send
the reserved RACH preamble to the target base station 130.

[0057] The target base station 130 can then calculate the
mobile station’s timing advance and in step 535 send a tim-
ing-advance message addressed to a predefined MAC ID,
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such as a C-RNTI, globally reserved for the Timing advance
message. The timing advance message can convey the mobile
station’s timing advance, the source base station identity of
the mobile station 110 for which the timing advance message
is intended, the RACH preamble assigned to the mobile sta-
tion by the source base station 130, and the UL grant. A
mobile station that is expecting a timing advance message can
monitor the shared channel for a timing advance message that
matches its source base station identity and the RACH pre-
amble that was assigned to it. In step 540, the mobile station
110 can then use the UL resources granted to send the han-
dover complete message to establish a connection. In step
545, the mobile station 110 can exchange data with the target
base station 130.

[0058] FIG. 6 is an exemplary illustration of preamble
assignment in a wireless system according to one embodi-
ment. The preamble assignment can be used for source base
stations in cells A, B, C, D, E, and F, when assigning a RACH
preamble for handover to a target base station in cell T. The
preamble assignment process can be used by a source base
station to assign a reserved contention-free RACH preamble
to a mobile station. A contention-free RACH preamble can
prevent RACH collisions between mobile stations attempting
handover or other procedures. A contention-free RACH pre-
amble can also prevent RACH collisions between two mobile
stations attempting handover to the same cell at the same
time. To further prevent collisions, it can be useful to have a
conservative duration for which the RACH preamble is
reserved. Even so, the probability of two mobile stations
attempting handover to the same cell at the same time using
the same RACH preamble can be low.

[0059] To achieve a good method for RACH preamble
assignment by a source base station, a pool of RACH pre-
ambles (P1, . .. ,Pn) can be reserved globally in a system for
handover and no real time management/assignment of RACH
preambles needs to be done at the target base station. All
handovers can use RACH preambles from this pool. The
source base station can assign RACH preambles from the
pool without the RACH preambles being reserved at the
target base station T. Let S1, . . . ,Sk be the source base stations
from which mobile stations (such as User Equipment, UE’s)
can handover to target base station T. For each source base
station, a starting preamble Pi can be statically configured.
The RACH preamble assigned by the source base station can
be valid at the next RACH opportunity. For each RACH
opportunity the source base station starts assigning RACH
preambles at Pi. Suppose UEL, . . . UEt are awaiting RACH
preambles for handover. The source base station can assign
P1 to UE1, P2 to UE2 and so on. This can help eliminate
collision between UE’s attempting to handover from the same
source to the same target at the same RACH opportunity.

[0060] To avoid collision between UE’s in different source
base stations attempting handover to the same target base
station, consider source base station Si and Sj with starting
preambles Pi and Pj respectively. A UE in Si and an UE in Sj
can get assigned the same RACH preamble only if there are
j—i+1 UE’s that are assigned a RACH preamble in Si for the
same RACH opportunity. The probability of t UE’s requiring
a RACH preamble at the same RACH opportunity, where
RACH opportunities are about every 10 ms, is typically low
for t=2 and decreases rapidly with increasing t. If there is a
burst of many UE’s all attempting to handover at the same
RACH opportunity, the source base station can choose to
delay the assignment of the RACH preamble so that the
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RACH is delayed to the next RACH opportunity. The gap
between the starting preambles i.e., (j—i) can also be set
differently for different cells and could be based on for
example traffic.

[0061] When there are multiple candidate target base sta-
tions, according to one embodiment, a UE’s measurement
report may identify more than one candidate target base sta-
tion. Some implementations might send the handover request
to all the candidate target base station and, based on the
response, pick one target base station. According to other
embodiments, in the acknowledgement to the measurement
report, the UE can be assigned multiple RACH preambles,
one for each candidate target base station. The UE can then try
the RACH preambles in succession. For example, if the
RACH to the first target base station is unsuccessful, the UE
can try the next, and so on.

[0062] Additionally, according to some embodiments, if a
UE does not get the handover command after waiting for a
defined timer expiration after transmitting the RACH pre-
amble, the UE can send a RACH preamble to the target base
station and listen to the target base station for UL resource
grant. The UE can increment its preamble index after a failed
RACH attempt by a pre-defined increment. For example, if
there is no response to RACH when the preamble used is Pi,
the second RACH attempt can use Pi+1.

[0063] Thus, the present disclosure can use transmit/re-
ceive gaps to send the RACH preamble and not await a
response directly from the target base station. This can allows
the UE to return to its data exchange with the source base
station. Also the present disclosure can assign a RACH pre-
amble by the source base station, which can eliminate the
need to co-ordinate with the target, make the preamble man-
agement less complex, and reduce the overall handover dura-
tion. The UE does not have to wait for a response from the
target base station after sending the RACH preamble. The
UE’s timing advance can be sent to it via the source base
station, which can allow the UE to return to the source base
station and continue without interruption. Also, a separate
HO preparation command can be followed later by a HO
command and a short persistent resource assignment for
delivering handover signaling messages. Such persistent
resource assignment can allow delivery of user data and can
share resources among a group of UE’. The persistent
resource can be used to improve reliability of message deliv-
ery as the UE’s link with the source base station is deteriorat-
ing. Additionally, a RACH preamble can be assigned by a
source base station that is valid at the target base station with
no requirement of reservation of the resource at the target base
station. Furthermore, a RACH preamble can be assigned from
a global pool of preambles, such that successive assignments
for the same RACH opportunity are successive preambles to
prevent collision between UE’s attempting handover from
same source base station. Also, starting preambles can be
designated for each source base station from a global pool of
RACH preambles to prevent collision between UE’s attempt-
ing handover from different source base stations. Addition-
ally, the combination of the assigned RACH preamble and the
source base station identity can be used to identify the UE in
the target base station. Furthermore, un-transmitted data can
be forwarded from the source base station to the target base
station upon receiving of the UE timing advance by the source
base station.

[0064] The present disclosure can minimize interruption
time by forwarding the timing advance through the source
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base station. The present disclosure can also minimize inter-
ruption time and also reduce the overall handover duration by
forwarding the timing advance through the source base sta-
tion and eliminating the source base station and target base
station co-ordination prior to UE sending RACH preamble.
The present disclosure can also reduces the overall handover
duration by eliminating the source base station and target base
station co-ordination prior to UE sending the RACH pre-
amble. The present disclosure can further help eliminate the
real-time assignment/management of RACH preambles at
the target base station.

[0065] The method of this disclosure is preferably imple-
mented on a programmed processor. However, the control-
lers, flowcharts, and modules may also be implemented on a
general purpose or special purpose computer, a programmed
microprocessor or microcontroller and peripheral integrated
circuit elements, an integrated circuit, a hardware electronic
or logic circuit such as a discrete element circuit, a program-
mable logic device, or the like. In general, any device on
which resides a finite state machine capable of implementing
the flowcharts shown in the figures may be used to implement
the processor functions of this disclosure.

[0066] While this disclosure has been described with spe-
cific embodiments thereof, it is evident that many alterna-
tives, modifications, and variations will be apparent to those
skilled in the art. For example, various components of the
embodiments may be interchanged, added, or substituted in
the other embodiments. Also, all of the elements of each
figure are not necessary for operation of the disclosed
embodiments. For example, one of ordinary skill in the art of
the disclosed embodiments would be enabled to make and use
the teachings of the disclosure by simply employing the ele-
ments of the independent claims. Accordingly, the preferred
embodiments of the disclosure as set forth herein are intended
to be illustrative, not limiting. Various changes may be made
without departing from the spirit and scope of the disclosure.
[0067] In this document, relational terms such as “first,”
“second,” and the like may be used solely to distinguish one
entity or action from another entity or action without neces-
sarily requiring or implying any actual such relationship or
order between such entities or actions. The terms “com-
prises,” “comprising,” or any other variation thereof, are
intended to cover a non-exclusive inclusion, such that a pro-
cess, method, article, or apparatus that comprises a list of
elements does not include only those elements but may
include other elements not expressly listed or inherent to such
process, method, article, or apparatus. An element proceeded
by “a,” “an,” or the like does not, without more constraints,
preclude the existence of additional identical elements in the
process, method, article, or apparatus that comprises the ele-
ment. Also, the term “another” is defined as at least a second
or more. The terms “including,” “having,” and the like, as
used herein, are defined as “comprising.”

What is claimed is:

1. A method at a source base station for handover of a
mobile station from the source base station to a target base
station, the method comprising:

establishing a connection with the mobile station;

receiving a measurement report at the source base station

from the mobile station;

determining that the mobile station should perform a han-

dover from the source base station to the target base
station;
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receiving timing advance information at the source base

station from the target base station;

forwarding the timing advance information from the

source base station to the mobile station; and
switching a connection of the mobile station from the
source base station to the target base station.

2. The method according to claim 1, further comprising
forwarding data intended for the mobile station to the target
base station in response to receiving the timing advance infor-
mation from the target base station,

wherein the data intended for the mobile station is buffered

in the source base station prior to forwarding the data to
the target base station.

3. The method according to claim 1,

wherein receiving timing advance information further

comprises receiving timing advance information and a
medium access control identifier from the target base
station, and

wherein forwarding the timing advance information fur-

ther comprises forwarding the timing advance informa-
tion and the medium access control identifier to the
mobile station.
4. The method according to claim 1, wherein forwarding
the timing advance information comprises sending a han-
dover command including the timing advance information
from the source base station to the mobile station.
5. The method according to claim 1, further comprising:
generating, at the source base station, a random access
channel preamble comprising a temporary mobile
equipment identifier for the mobile station; and

sending the random access channel preamble to the mobile
station.

6. The method according to claim 5, further comprising:

sending a persistent resource assignment message to the

mobile station, the persistent resource assignment mes-
sage indicating resources reserved for handover com-
munications.

7. The method according to claim 6, wherein sending the
random access channel preamble to the mobile station com-
prises sending a handover preparation message over a
resource reserved for handover communications to the
mobile station, the handover preparation message including
the random access channel preamble.

8. The method according to claim 5, wherein generating the
random access channel preamble at the source base station
comprises selecting the random access channel preamble
from a set of a plurality of random access channel preambles
reserved for handover.

9. The method according to claim 5, wherein the set of a
plurality of preambles is shared between a plurality of base
stations in adjacent cells and wherein a base station of the
plurality of base stations selects a random access channel
preamble based on a different starting random access channel
preamble within the set from at least one other base station of
the plurality of base stations.

10. A method in a mobile station for handover of the mobile
station from a source base station to a target base station, the
method comprising:

establishing a connection with the source base station;

transmitting a measurement report from the mobile station

to the source base station;

receiving timing advance information from the source base

station; and
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switching a connection of the mobile station from the
source base station to the target base station.

11. The method according to claim 10, wherein receiving
the timing advance information further comprises at least one
of receiving the timing advance information and the medium
access control identifier at the mobile station and receiving a
handover command including the timing advance informa-
tion from the source base station at the mobile station.

12. The method according to claim 10, further comprising
receiving random access channel preamble from the source
base station at the mobile station.

13. The method according to claim 12, further comprising
receiving a persistent resource assignment message from the
source base station at the mobile station, the persistent
resource assignment message indicating resources reserved
for handover communications.

14. The method according to claim 13, wherein receiving
the random access channel preamble at the mobile station
comprises receiving a handover preparation message over a
resource reserved for handover communications to the
mobile station, the handover preparation message including
the random access channel preamble.

15. The method according to claim 12, wherein the random
access channel preamble from the source base station is based
on a set of a plurality of random access channel preambles
reserved for handover.

16. The method according to claim 12, wherein the set of a
plurality of preambles is shared between a plurality of base
stations in adjacent cells and wherein a base station of the
plurality of base stations selects a random access channel
preamble based on a different starting random access channel
preamble within the set from at least one other base station of
the plurality of base stations.

17. A source base station for handover of a mobile station
from the source base station to a target base station, the
method comprising:

a transceiver configured to establish a connection with the
mobile station and receive a measurement report at the
source base station from the mobile station; and

a controller coupled to the transceiver, the controller con-
figured to determine that the mobile station should per-
form a handover from the source base station to the
target base station;

wherein the transceiver is further configured to receive
timing advance information at the source base station
from the target base station,

wherein the transceiver is further configured to forward the
timing advance information from the source base station
to the mobile station, and

wherein the controller is further configured to switch a
connection of the mobile station from the source base
station to the target base station.
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18. The source base station according to claim 17, wherein
the transceiver is further configured to forward data intended
for the mobile station to the target base station in response to
receiving the timing advance information from the target base
station,

wherein the data intended for the mobile station is buffered

in the source base station prior to forwarding the data to
the target base station.

19. The source base station according to claim 17,

wherein the transceiver is further configured to receive

timing advance information and a medium access con-
trol identifier from the target base station, and

wherein the transceiver is further configured to forward the

timing advance information by forwarding the timing
advance information and the medium access control
identifier to the mobile station.

20. The source base station according to claim 17, wherein
the transceiver is further configured to forward the timing
advance information by sending a handover command
including the timing advance information from the source
base station to the mobile station.

21. The source base station according to claim 17, wherein
the controller is configured to generate a random access chan-
nel preamble comprising a temporary mobile equipment
identifier for the mobile station; and

wherein the transceiver is further configured to send the

random access channel preamble to the mobile station.

22. The source base station according to claim 21, wherein
the transceiver is further configured to send a persistent
resource assignment message to the mobile station, the per-
sistent resource assignment message indicating resources
reserved for handover communications.

23. The source base station according to claim 22, wherein
the transceiver is further configured to send the random
access channel preamble to the mobile station by sending a
handover preparation message over a resource reserved for
handover communications to the mobile station, the handover
preparation message including the random access channel
preamble.

24. The source base station according to claim 21, wherein
the controller is configured to generate the random access
channel preamble at the source base station by selecting a
next available random access channel preamble in set of a
plurality of random access channel preambles reserved for
handover.

25. The source base station according to claim 21, wherein
the set of a plurality of preambles is shared between a plural-
ity of base stations in adjacent cells and wherein a base station
of'the plurality of base stations selects a random access chan-
nel preamble based on a different starting random access
channel preamble within the set from at least one other base
station of the plurality of base stations.
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