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APPARATUS, METHOD AND COMPUTER PROGRAM PRODUCT PROVIDING
SYNCHRONIZED HANDOVER

TECHNICAL FIELD:

[0001] The exemplary and non-limiting embodiments of this invention relate generally to
wireless communication systems, methods, devices and computer program products and,
more specifically, relate to techniques for handing over a mobile device from one cell to

another.
BACKGROUND:

[0002] Various abbreviations that appear in the specification and/or in the drawing

figures are defined as follows:

3GPP Third Generation Partnership Project
aGW access gateway
C-RNTI cell radio network temporary identifier
DL downlink (Node-B to UE)
DRX discontinuous reception
EDGE enhanced data rate for GSM evolution
eNB EUTRAN Node B
EUTRAN evolved UTRAN
GERAN GSM/EDGE radio access network
GSM global system for mobile communications
HO handover
LTE long term evolution
MAC medium access control
Node-B base station
NW network
OFDMA orthogonal frequency domain multiple access
PHY physical (e.g., layer 1 (L1))
RACH random access channel
RIC radio link control
RRC radio resource control
SC-FDMA single carrier frequency division multiple access
SCH shared channel
1

CONFIRMATION COPY
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TA timing advance
TDM time domain multiplexing
UE user equipment
UL uplink (UE to Node-B)
UTRAN Universal Terrestrial Radio Access Network

[0003] A proposed communication system known as evolved UTRAN (E-UTRAN, also
referred to as UTRAN-LTE or as E-UTRA) is currently under discussion within the
3GPP. The current working assumption is that the DL access technique will be OFDMA,
and the UL access technique will be SC-FDMA.

[0004] The TA is a signal derived from the time synchronization of the UL sequence and
is sent by the ¢éNB to the UE. The UE uses the TA to advance the timing of transmissions
to the eNB so as to compensate for propagation delay and, thus, time align the
transmissions from different UEs within the receiver window of the eNB. By avoiding the
overlapping of UL transmissions, the use of the TA allows TDM in the UL. Thus,
whenever the UL access scheme is TDM based, the timing advance control information
needs to be signaled from the network to the UEs. This is true for both the GERAN and
E-UTRAN networks. |
[0005] So long as the UE does not have any TA, the UE is normally onlj/ allowed to
transmit in the UL on special allocated resources designed for this purpose. The TA can
be calculated by the eNB by the UE transmitting a random access "burst" is in the UL.
The random access "burst" provides a sufficiently long guard period to avoid the
overlapping of uplink transmissions, but can carry only a very limited payload. Random
access bursts are typically used by the UE to initiate communication with the network,
when the UE does not know the TA to be used in the cell. The network's response
typically contains a value for the TA to be used by the UE. Once the UE knows the TA to
be used for its UL, normal communication can proceed.

[0006] Even though it can be a relatively quick process to obtain the TA information
from the network, there is one case where the overall performance of the system could be
increased if the UE did not have to request the timing advance to be used. More
specifically, overall system performance could be improved during HO, when accessing a
new cell, 1f the UE did not need to reQuest the TA since not having to request and wait for

the TA to be provided could potentially reduce the interruption time at HO.

2
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[0007] A pre-synchronized handover has been standardized in GSM (3GPP TS 44018,
V7.7.0 (2006-12) 3rd Generation Partnership Project; Technical Specification Group
GSM/EDGE Radio Access Network; Mobile radio interface layer 3 specification; Radio
Resource Control RRC) protocol (Release 7), see generally sub-clause 3.4.4). In
E-UTRAN, a pre-synchronized handover is also being proposed (see R2-063062,
Non-contention based handover execution, 3GPP TSG-RAN WG2 Meeting #3535, Riga,
Latvia, 6-10 November 2006, Nokia).

[0008] With a pre-synchronized HO the TA to be used in the target cell is provided by
the HO command sent from the source cell. There exist various means that would allow
the network to assess the TA to be used in the target cell. One simple technique 1s when
the target and source cell have co-sited antennas of the same frequency, as the TA 1n the
target cell in this case is essentially equal to the TA in the source cell.

[0009] In GERAN, when the TA is provided in the HO command, the UE may optionally
send four access bursts in the UL on the dedicated resource (CS channel) it was assigned
in order to inform the target cell that is has arrived. The access bursts are sent in this case,
even though the TA was provided in the HO command, due to the physical properties of
the GSM L1, e.g., due to diagonal interleaving, the first four uplink slots cannot be used

for speeclh/data transmission.

SUMMARY

[0010] An exemplary embodiment of this invention is a method to provide a
synchronized HO of a mobile device. The method includes receiving a HO command. A
determination is made of whether the HO command includes an indication of UL
resource allocations. A C-RNTTI is waited for in DL signaling if the HO command does
not include the indication of UL resource allocations. If the HO command includes the
indication of UL resource allocations, transmitting occurs based on the UL resource
allocations.

[0011] A further exemplary embodiment of this invention is a method to provide a
synchronized HO of a mobile device. The method includes recerving a HO command. A
determination is made of whether the HO command includes an indication of UL
resource allocations. If the HO command includes the indication of UL resource
allocations, a new cell 1s accessed (e.g., using contention-free procedure) on a reserved

portion of an UL-SCH which was indicated in the HO command. A random access
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procedure (e.g., a contention-based procedure) is accessed in a RACH if the HO
command does not include the indication of UL resource allocations.

[0012] Another exemplary embodiment of this invention is an apparatus to perform a
synchronized HO. The apparatus includes a receiver configured to receive a HO
command, a processing unit, and a transmitter. The processing unit determines whether
the HO command includes an indication of UL resource allocations, and waits for a C-
RNTI i a DL signaling if the HO command does not include the indication of UL
resource allocations. The transmitter transmits based on the UL resource allocations, if

the HO command includes the indication of UL resource allocations.

[0013] A further exemplary embodiment of this invention is apparatus to perform a
synchronized HO. The apparatus includes a receiver configured to receive a HO
command, a processing unit, and a transmitter. The processing unit determines whether
the HO command includes an indication of UL resource allocations. The transmitter
transmits accesses a new cell on a reserved portion of an UL-SCH which was indicated in
the HO command, if the HO command includes the indication of UL resource allocations.
It the HO command does not include the indication of UL resource allocations, the
transmuitter transmits accesses a random access procedure in a RACH.
[0014] Another exemplary embodiment of this invention is an apparatus to perform a
synchronized HO. The apparatus includes a means for receiving a HO command. A
determining means determines whether the HO command includes an indication of UL
resource allocations. The apparatus includes a means for waiting for a C-RNTI in a DL
signaling if the HO command does not include the indication of UL resource allocations.
A means for transmitting based on the UL resource allocations if the HO command
includes the indication of UL resource allocations is also included.
[0015] A further exemplary embodiment of this invention is apparatus to perform a
synchronized HO. The apparatus includes a means for receiving a HO command. A
means for determining whether the HO command includes an indication of UL resource
allocations is also included. A reserved channel access means accesses a new cell on a
reserved portion of an UL-SCH which was indicated in the HO command if the HO
command includes the indication of UL resource allocations. The apparatus also includes
a random channel access means for accessing a random access procedure in a RACH in

response to a determination that the HO command does not include the indication of UL
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resource allocations.

[0015a] Accordingly, in one aspect of the invention there is provided a method comprising
receiving a handover command; determining whether the handover command includes an
indication of uplink resource allocations; in response to a determination that the handover
command does not include the indication of uplink resource allocations, waiting for a cell
radio network temporary identifier in a downlink signaling; and in response to a
determination that the handover command includes the indication of uplink resource
allocations, transmitting based on the uplink resource allocations.

[0015b] According to another aspect of the invention there is provided a computer-readable
medium bearing computer program code embodied therein for use with a computer, the
computer program code comprising code for receiving a handover command; code for
determining whether the handover command includes an indication of uplink resource
allocations; in response to a determination that the handover command does not include the
indication of uplink resource allocations, code for waiting for a cell radio network temporary
identifier in a downlink signaling; and in response to a determination that the handover
command includes the indication of uplink resource allocations, code for transmitting based
on the uplink resource allocations.

[0015¢] According to yet another aspect of the invention there is provided a method
comprising: receiving a handover command; determining whether the handover command
includes an indication of uplink resource allocations; and in response to a determination that
the handover command includes the indication of uplink resource allocations, accessing a new
cell on a reserved portion of an uplink shared channel indicated in the handover command,
wherein the handover command comprises an expiration time of the uplink resources.

[0015d] According to yet another aspect of the invention there is provided a computer-

readable medium having stored thereon a computer program for execution by a computer to

perform a method according to perform the above method.



CA 02675141 2013-03-26

[0015¢] According to yet another aspect of the invention there is provided an apparatus
comprising a receiver configured to receive a handover command; a processing unit; and a
transmitter, wherein the processing unit is configured to determine whether the handover
command includes an indication of uplink resource allocations, and to wait for a cell radio
network temporary identifier in a downlink signaling in response to a determination that the
handover command does not include the indication of uplink resource allocations, and
wherein the transmitter is configured to transmit based on the uplink resource allocations,
in response to a determination that the handover command includes the indication of uplink
resource allocations.

[0015f] According to still yet another aspect of the invention there is provided an apparatus
comprising: a receiver configured to receive a handover command; a processing unit; and a
transmitter, wherein the processing unit is configured to determine whether the handover
command includes an indication of uplink resource allocations, wherein the transmitter 1s
configured to access a new cell on a reserved portion of an uplink shared channel which was
indicated in the handover command in response to a determination that the handover
command includes the indication of uplink resource allocations, and wherein the handover

command comprises an expiration time of the uplink resources.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] In the attached Drawing Figures:

[0017] Figure 1 shows a simplified block diagram of various electronic devices that are

suitable for use in practicing the exemplary embodiments of this invention.

[0018] Figures 2A-2F, collectively referred to as Figure 2, are message flow diagrams that

depict various exemplary embodiments of this invention.

Sa
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DETAILED DESCRIPTION

[0019] The exemplary embodiments of this invention are described generally in the context of

ongoing LTE efforts (see, for example, 3GPP TR 25.913, V7.3.0 (2006-03), Requirements for
Evolved UTRA (E-UTRA) and Evolved UTRAN (Release 7).

[0020] An as yet unresolved issue for EEUTRAN is how to access the new cell when the TA to
be used in the target cell at HO is provided. When there is no timing advance provided, 1t has
been proposed that the UE will use the UL resources of the target cell to send an access burst to
allow the NW to assess the timing advance to be used by the UE (in a similar manner as in
GERAN). Note that in HO commands, the identification of the UE in the new (target) cell is also
provided: e.g., the C-RNTI of the UE in the target cell is given in the HO command.

[0021] Reference is made first to Figure 1 for illustrating a simplified block diagram of various
electronic devices that are suitable for use in practicing the exemplary embodiments of this
invention. In Figure 1 a wireless network 1 is adapted for communication with a UE 10 via a
Node B (base station) 12, also referred to herein as an eNB 12. The network 1 may include a
network control element (NCE) 14, such as an access gateway (aGW). The UE 10 includes a
data processor (DP) 10A, a memory (MEM) 10B that stores a program (PROG) 10C, and a
suitable radio frequency (RF) transceiver 10D for bidirectional wireless communications with
the Node B 12, which also includes a DP 12A, a MEM 12B that stores a PROG 12C, and a
suitable RF transceiver 12D. The Node B 12 is coupled via a data path 13 to the NCE 14 that
also includes a DP 14A and a MEM 14B storing an associated PROG 14C. The UE 10 can

include at least one hardware and/or software timer 10E, the use of which is described below. At

least the PROGs 10C and 12C are assumed to include program instructions

Sb
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that, when executed by the associated DP, enable the electronic device to operate in
accordance with the exemplary embodiments of this invention, as will be discussed
below in greater detail.

[0022] Shown for completeness in Figure 1 is at least one second eNB, referredtoas 12'.
During a HO event the eNB 12 may be considered the Source eNB, i.e., the eNB to which
the UE 10 is currently connected and communicating in the associated serving cell, and
the eNB 12' may be considered the Target eNB, i.e., the eNB to which the UE 10 is to be
connected and communicating with in the target cell after the HO procedure is
completed. The serving cell and the target cell may at least partially overlap one another.
[0023] The exemplary embodiments of this invention may be implemented at least in part
by computer software executable by the DP 10A of the UE 10 and by the DP 12A of the
eNBs 12, 12', or by hardware, or by a combination of software and hardware.

[0024] The various embodiments of the UE 10 can include, but are not limited to,
cellular telephones, personal digital assistants (PDAs) having wireless communication
capabilities, portable computers having wireless communication capabilities, image
capture devices such as digital cameras having wireless communication capabilities,
gaming devices having wireless communication capabilities, music storage and playback
appliances having wireless communication capabilities, Internet appliances permitting
wireless Internet access and browsing, as well as portable units or terminals that
incorporate combinations of such functions.

[0025] The MEMSs 10B, 12B and 14B may be of any type suitable to the local technical
environment and may be implemented using any suitable data storage technology, such as
semiconductor-based memory devices, magnetic memory devices and systems, optical
memory devices and systems, fixed memory and removable memory. The DPs 10A, 12A
and 14A may be of any type suitable to the local technical environment, and may include
one or more of general purpose computers, special purpose computers, microprocessors,
digital signal processors (DSPs) and processors based on a multi-core processor
architecture, as non-limiting examples. |

[0026] In general, the E-UTRAN includes the eNBs 12, 12' that provide the E-UTRA
user plane (RLC/MAC/PHY) and control plane (RRC) protocol terminations towards the
UE 10. The eNBs 12 interface to the aGW 14 via an S1 interface, and are inter-connected

via an X2 interface.
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[0027] It should be noted that the terms "connected," "coupled,” or any variant thereof,
mean any connection or coupling, either direct or indirect, between two or more elements,
and may encompass the presence of one or more intermediate elements between two
elements that are "connected" or "coupled" together. The coupling or connection between
the elements can be physical, logical, or a combination thereof. As employed herein two
elements may be considered to be "connected" or "coupled” together by the use of one or
more wires, cables and/or printed electrical connections, as well as by the use of
electromagnetic energy, such as electromagnetic energy having wavelengths in the radio
frequency region, the microwave region and the optical (both visible and invisible)
region, as several non limiting and non-exhaustive examples.

10028] The exemplary embodiments of this invention address and solve the problems
inherent in allocating UL resources in the target cell for the UE 10 when it already has a
valid TA for the target cell (e.g., by way of a HO command). The UL resources are
suggested to be used by the UE 10 to send normal data (e.g., a HO CONFIRM message
or normal user data) . There are at least two alternatives depending on the HO command.
[0029] Figures 24, 2B, 2C, 2D, 2E and 2F illustrate exemplary signaling scenarios for
the following described exemplary embodiments, where Figure 2A represents the initial
phase of the HO procedure, and Figures 2B-2F illustrate various options (OPT). In these
Figures Cell A is the source cell, and Cell B is the target cell.

[0030] In a first exemplary embodiment, where the HO command does not include UL
resource allocations, the UE 10 waits for its C-RNTI to appear in the DL signaling to
begin transmitting on the UL-SCH. In this case, upon expiration of a timer (timer 10E)
initiated at HO, and if the C-RNTI has not been received, (Figure 2B) the UE 10 initiates
a random access procedure in the RACH channel while remaining in a
RRC CONNECTED state. Note that the value of the timer maybe linked to the services
currently active in the UE 10, the more stringent the delay requirements of the service, the
shorter the timer. Alternatively, if the C-RNTI of the UE has not appeared in the DL
signaling at time-out, the UE 10 may regard the HO as a failure and return to previous
cell (former serving cell).

[0031] Additionally, (Figures 2C, 2D) the UE 10 may apply a DRX period in the new cell
when receiving an allocation table (AT) for the appearance of the C-RNTI (allocation to

send the access burst). The DRX period may be either assigned by the HO COMMAND
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or by specific DRX signaling, or it may be set autonomously by the UE 10 (e.g., by a
fixed DRX period in a specification).

[0032] In a further exemplary embodiment, (Figures 2E, 2F) where the HO command
does include UL resource allocations, the UE 10 begins transmitting on the reserved
portion of the UL-SCH that it was allocated in the HO command (assuming the use of
some type of fixed allocation where such a reservation is made possible). In this case, the
UE 10 can begin transmitting and as soon as entering the new cell if the reservation
makes it possible or, alternatively, the UE 10 transmits only on the uplink slot it was
allocated at an activation time. If the activation time is too short, and the UE 10 cannot
start transmitting at the given time, it may initiate a random access procedure on the
RACH while remaining in the RRC CONNECTED state. Alternatively, if the UL-SCH
is reserved in a more persistent manner, the UE 10 may begin transmitting immediately
on the reserved resource upon entering the cell, as opposed to using the RACH. Upon
expiration of the timer 10E initiated at HO, the UE 10 begins acquiring the TA via the
RACH channel. Alternatively the UE 10 may regard the HO as a failure and return to the
old cell (former serving cell).

{0033] Based on the foregoing it should be apparent that the exemplary embodiments of
this invention provide a method, apparatus and computer progr;am product(s) to provide a
synchronized HO of the UE 10 in E-UTRAN, wherein in one embodiment where the HO
Command does not include UL resource allocations, the UE waits for ité C-RNTI to
appear in DL signaling before starting transmitting on the UL-SCH, while in another
embodiment where the HO Command does include UL resource allocations, the UE
begins transmitting on a reserved portion of the UL-SCH.

[0034] An exemplary embodiment of this invention is a method to provide a
synchroni‘zed HO of a mobile device. The method includes receiving a HO command. A
determination is made of whether the HO command includes an indication of UL
resource allocations. A C-RNTI is waited for in DL signaling if the HO command does
not include the indication of UL resource allocations. If the HO command includes the

indication of UL resource allocations, transmitting occurs based on the UL resource

allocations.

[0035] In a further embodiment of the method above, waited for the C-RNTI in DL
signaling includes transmitting on an UL-SCH if the C-RNTI in a DL signaling is
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received before the expiration of a DL signaling time. Ifthe C-RNTI in the DL signaling
is not received before the expiration of the DL signaling time, either a random access
procedure is initiated in a RACH while remaining in a RRC connected state, or the
mobile device returns to a previous serving cell. Additionally, the DL signaling time may
be based upon currently active services.

[0036] In another embodiment of any of the methods above, the method also includes
applying a discontinuous reception period in the new cell when .receiving an allocation
table for the appearance of the C-RNTIL. The discontinuous reception period may be
assigned by the HO command, assigned in a discontinuous reception signaling, or set by a
predetermined discontinuous reception period.

[0037] In a further embodiment of any of the methods above, the HO command includes
a TA for a target cell of a HO. |

[0038] In another embodiment of any of the methods above, the method also includes
initiating a HO timer at the start of a HO. In response to the expiration of the HO timer, a
TA may be received via a RACH or the mobile device may return to a previous serving
cell.

[0039] In a further embodiment of any of the methods above, transmitting includes
transmitting when entering a new cell on a reserved portion of an UL-SCH which was
indicated in the HO command. Alternatively, transmitting may include initiating a
random access procedure on a RACH while remaining in a RRC connected state, 1f the
UL resource allocations are insufficient for transmitting needs. |
[0040] In another embodiment of any of the methods above, the indication of UL
resource allocations includes a dedicated random access preamble.

[0041] In a further embodiment of any of the methods above, the HO command includes
an expiration time of the UL resources.

[0042] In another embodiment of any of the methods above, the method 1s performed as a
result of execution of computer program instructions stored in a computer readable
memory medium.

[0043] A further exemplary embodiment of this invention is a method to provide a
synchronized HO of a mobile device. The method includes receiving a HO command. A
determination is made of whether the HO command includes an indication of UL

resource allocations. If the HO command includes the indication of UL resource
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allocations, a new cell is accessed (e.g., using contention-free procedure) on a reserved
portion of an UL-SCH which was indicated in the HO command. A random access
procedure (e.g., a contention-based procedure) is accessed in a RACH if the HO
command does not include the indication of UL resource allocations.

[0044] In a further embodiment of the method above, the indication of UL resource
allocations includes a dedicated random access preamble.

[0045] In another embodiment of any of the methods above, the mobile device returns to

a previous serving cell in response to the expiration of a HO timer.

[0046] In a further embodiment of any of the methods above, the HO command includes
an expiration time of the UL resources.

[0047] In another embodiment of any of the methods above, the method is performed as a
result of execution of computer program instructions stored in a computer readable
memory medium.

[0048] Another exemplary embodiment of this invention is an apparatus to perform a
synchronized HO. The apparatus includes a rec-iver configured to receive a HO
command, a processing unit, and a transmitter. The processing unit determines whether
the HO command includes an indication of UL resource allocations, and waits for a C-
RNTI in a DL signaling if the HO command does not include the indication of UL
resource allocations. The transmitter transmits based on the UL resource allocations, if
the HO command includes the indication of UL resource allocations.

[0049] In a further embodiment of the apparatus above, the transmitter transmits on an
UL-SCH in response to receiving the C-RNTI in a DL signaling before the expiration of a
DL signaling time. If the C-RNTI in the DL signaling is not received before the
expiration of the DL signaling time, either a random access procedure is initiated in a
RACH while remaining in a RRC connected state, or the apparatus returns to a previous
serving cell. Additionally, the DL signaling time may be based upon currently active

Services.

[0050] In a further embodiment of the apparatuses above, waited for the C-RNTI in DL
signaling includes transmitting on an UL-SCH if the C-RNTI in a DL signaling is
received before the expiration of a DL signaling time. Ifthe C-RINTTin the DL signaling

is not received before the expiration of the DL signaling time, either a random access

procedure is initiated in a RACH while remaining in a RRC connected state, or the
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apparatus returns to a previous serving cell. Additionally, the DL signaling time may be

based upon currently active services.

[0051] In another embodiment of any of the apparatuses above, the processing unit

applies a discontinuous reception period in the new cell when receiving an allocation
table for the appearance of the C-RNTIL. The discontinuous reception period may be
assigned by the HO command, assigned in a discontinuous reception signaling, or set by a
predetermined discontinuous reception period.

[0052] In a further embodiment of any of the apparatuses above, the processing unit
initiates a HO timer at the start of a HO. Inresponse to the expiration of the HO timer,
the receiver may receive a TA via a RACH or the apparatus may return to a previous

serving cell.
[0053] In another embodiment of any of the apparatuses above, the transmitter also
transmits on a reserved portion of an UL-SCH which was indicated in the HO command
when entering a new cell. Alternatively, the transmitter initiates a random access
procedure on a RACH while remaining in a RRC connected state, if the UL resource
allocations are insufficient for transmitting needs.
[0054] A further exemplary embodiment of this invention is apparatus to perform a
synchronized HO. The apparatus includes a receiver configured to receive a HO
command, a processing unit, and a transmitter. The processing unit determines whether
the HO command includes an indication of UL resource allocations. The transmitter
transmits accesses a new cell on areserved portion of an UL-SCH which was indicated in
the HO command, if the HO command includes the indication of UL resource allocations.
If the HO command does not include the indication of UL resource allocations, the
transmitter transmits accesses a random access procedure in a RACH.
[0055] In another embodiment of the apparatus above, the indication of UL resource
allocations include a dedicated random access preamble.
[0056] In a further embodiment of any of the apparatuses above, the processing unit
returns the apparatus to a previous serving cell in response to the expiration of a HO
timer.
[0057] In another embodiment of any of the apparatuses above, the HO command
includes an expiration time of the UL resources.

[0058] Another exemplary embodiment of this invention is an apparatus to perform a
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synchronized HO. The apparatus includes a means for receiving a HO command. A
determining means determines whether the HO command includes an indication of UL
resource allocations. The apparatus includes a means for waiting for a C-RNTIina DL
signaling if the HO command does not include the indication of UL resource allocations.
A means for transmitting based on the UL resource allocations if the HO command
includes the indication of UL resource allocations is also included.
[0059‘] In a further embodiment of the apparatus above, the receiving means is a receiver,
the determining means is a processing unit, the waiting means is a processing unit, and
the transmitting means is a transmitter.
[0060] A further exemplary embodiment of this invention is apparatus to perform a
synchronized HO. The apparatus includes a means for receiving a HO command. A
means for determining whether the HO command includes an indication of UL resource
allocations is also included. A reserved channel access means accesses a new cell on a
reserved portion of an UL-SCH which was indicated in the HO command if the HO
command includes the indication of UL resource allocations. The apparatus also includes
a random channel access means for accessing a random access procedure ina RACH in
response to a determination that the HO command does not include the indication of UL
resource allocations.
[0061] In a further embodiment of the apparatus above, the receiving means is a receiver,
the determining means is a processing unit, the reserved channel access means is a
transmitter and the random channel access means is a transmitter.
[0062] Note that the various message flows shown in Figure 2 may be viewed as method
steps and/or as operations that result from operation of computer program code.
[0063] In general, the various exemplary embodiments may be implemented in hardware
or special purpose circuits, software, logic or any combination thereof. For example,

some aspects may be implemented in hardware, while other aspects may be implemented

in firmware or software which may be executed by a controller, microprocessor or other
computing device, although the invention is not limited thereto. While various aspects of
the exemplary embodiments of this invention may be illustrated and described as block
diagrams, message flow diagrams, or by using some other pictorial representation, it is
well understood that these blocks, apparatus, systems, techniques or methods described

herein may be implemented in, as non-limiting examples, hardware, software, firmware,
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special purpose circuits or logic, general purpose hardware or controller or other

computing devices, or some combination thereof.

[0064] As such, it should be appreciated that at least some aspects of the exemplary
embodiments of the inventions may be practiced in various components such as
integrated circuit chips and modules. The design of integrated circuits 1s by and large a
highly automated process. Complex and powefful software tools are available for
converting a logic level design into a semiconductor circuit design ready to be fabricated
on a semiconductor substrate. Such software tools can automatically route conductors and
locate components on a semiconductor substrate using well established rules of design, as
well as libraries of pre-stored design modules. Once the design for a semiconductor
circuit has been completed, the resultant design, in a standardized electronic format (e.g.,
Opus, GDSII, or the like) may be transmitted to a semiconductor fabrication facility for
fabrication as one or more integrated circuit devices.

[0065] Various modifications and adaptations to the foregoing exemplary embodiments
of this invention may become apparent to those skilled in the relevant arts in view of the
foregoing description, when read in conjunction with the accompanying drawings.
However, any and all modifications will still fall within the scope of the non-limiting and
exemplary embodiments of this invention.

[0066] For example, while the exemplary embodiments have been described above 1n the
context of the E-UTRAN (UTRAN-LTE) system, it should be appreciated that the
exemplary embodiments of this invention are not limited for use with only this one
particular type of wireless communication system, and that they may be used to
advantage in other wireless communication systems.

[0067] Furthermore, some of the features of the various non-limiting and exemplary
embodiments of this invention may be used to advantage without the corresponding use
of other features. As such, the foregoing description should be considered as merely

illustrative of the principles, teachings and exemplary embodiments of this invention, and

not in limitation thereof.

13



CA 02675141 2013-03-26

What is claimed is:

1. A method comprising:

receiving a handover command;

determining whether the handover command includes an indication of uplink resource
allocations; and

in response to a determination that the handover command includes the indication of
uplink resource allocations, accessing a new cell on a reserved portion of an uplink shared
channel indicated in the handover command, wherein the handover command comprises an

expiration time of the uplink resources.

2. The method according to claim 1, further comprising:
in response to a determination that the handover command does not include the

indication of uplink resource allocations, accessing a random access procedure in a random

access channel.

3. The method according to claim 2, wherein the step of accessing a new cell on a
reserved portion of an uplink shared channel indicated in the handover command 1s not
implemented if an allocated activation time is too short, and instead implementing the step of

accessing a random access procedure in a random access channel.

4, The method according to any one of claims 1 to 3, wherein the indication of uplink

resource allocations comprises a dedicated random access preamble.

5. A computer-readable medium having stored thereon a computer program for

execution by a computer to perform a method according to any one of claims 1 to 4.

6. An apparatus comprising:

a receiver configured to receive a handover command;

a processing unit; and

a transmitter,

wherein the processing unit is configured to determine whether the handover
command includes an indication of uplink resource allocations, wherein the transmutter 1s

configured to access a new cell on a reserved portion of an uplink shared channel which was

14
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indicated in the handover command in response to a determination that the handover
command includes the indication of uplink resource allocations, and wherein the handover

command comprises an expiration time of the uplink resources.

7. The apparatus according to claim 6 wherein the transmitter is further configured to
access a random access procedure in a random access channel in response to a determination

that the handover command does not include the indication of uplink resource allocations.

8. The apparatus according to claim 7, wherein the transmitter is configured not to
access the new cell on a reserved portion of an uplink shared channel indicated if an allocated
activation time 1s too short, and configured instead to access the new cell using a random

access procedure in a random access channel.

9. The apparatus according to any one of claims 6 to 8, wherein the indication of uplink

resource allocations comprises a dedicated random access preambile.
10. The apparatus according to any one of claims 6 to 9, wherein the processing unit is

further configured to return to a previous serving cell in response to expiration of a handover

timer.
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2 CFLL SEARCH TIMER LUELL A CELL B

DRX GIVEN BY CONNECTION REQUIREMENTS

CELL SEARCH NEEDS SAMPLES FROM

ABOUT 5-6 SUB. FRAMES.
FOR MEASUREMENTS SAMPLES ARE NEEDED:

(UL AND DL ONE-TIME 1) FOR TIME LENGTH LONG ENOUGH TO
ALLOCATIONS FOR UE) COVER PILOTS

DL DATAI|2) IF PILOT TIMING IS KNOWN -
X SAMPLES AT EACH PILOT OCCURRENCE

REGULAR DRX TIMEOUTAT

UL DATA

Ut KEEP THE RECEIVER CHAIN ON FOR INTRA-FREQUENCY MEASUREMENTS AND
POSSIBLY CELL SEARCH (5-6 SUB-FRAMES)

UE PROCESSES MEASUREMENTS
AND EVALUATES MEASUREMENT
REPORTING CRITERIA

INPUT TO STARTING TIME
CALCULATION COULD BE:
—-EnB BUFFER SIZE
—CHANNEL QUALITY

-POWER USED BY Ut
~elc

MEASUREMENT REPORT
(INCLUDING AT LEAST CELL B)

'MEAS NON-DRX' TIMER —
— (GIVEN BY NETWORK) tnB HO ALGORITHM

UE ENTERS 'NON-DRX’

— HO REQUEST

N ORDER TO USE STARTING TIME CESOURCE. NEEDS. I
SFN IS NEEDED. DUE TO TX DELAY ( E NEEDS, TMING etc)

s ez o FESOURCE GO
TION OF SFN UE COMPILES ’
BETWEEN SERVING AND NEIGHBOR HO COMMALﬁD STARTING TIME)

CELLS

WITH THE STARTING TIME:
HO COMMAND 1) IT IS GIVEN ACCORDING TO

SERVING CELL SFN
| (cHLB, STARTNG @y | [2) IS GVEN ACCORDING TO
'- | | TARGET CELL SFN

l NOTE: THERE ARE TWO APPROACHES

“.| "MEAS NON-DRX' TIMER IS STOPPED.
UE ENTERS NORMAL REGULAR DRX.
OPTION: SHOULD HO COMMAND

INCLUDE POSSIBLE INTERIM DRX DATA
e.q. FOR POSSIBLE EMPTYING OF

NETWORK BUFFERS?

FIG.2A
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UE CONTINUES CONNECTION IN CONFIGURATION TIME IN INTRA-
CURRENT CELL UNTIL STARTING TIME FREQUENCY CASE IS VERY SHORT.
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-
|

OPT. UE NOT ASSIGNED UL-SCH BUT LISTEN TO AT RECEPTION FOR
UL-SCH ASSIGNMENT

DELAY DUE TO AT RECEPTION MAY BE RATHER
SHORT. AS THE HO COMMAND INCLUDED

STARTING TIME THE NETWORK KNOWS WHEN

TO SCHEDULE UL-SCH FOR THE UE.
CONSERVATIVE ESTIMATE COULD BE 0.5-1ms.
IF HO COMMAND IS NOT INCLUDING STARTING

TIME THE TIMING OF THE CELL CHANGE IS

LESS PRECISE. THIS BASICALLY MEANS:
1) MORE DELAY IN UE AT ADDRESSING, DELAY
IN ACCESS BURST SENDING

12) MORE WASTE OF UL-SCH AS THEY HAVE

TO BE RESERVED BEFORE UE IS ACTUALLY
IN THE CELL

AT .

(UE IS ADDRESSED, (UL POWER), UL RESOURCES)

“['UE NEED TO DECODE THE AT AND PREPARE THE ACCESS

BURST FOR UL—-SCH. ESTIMATE HERE IS THAT THE DELAY
S THE SAME AS FOR NORMAL DATA (TO BE VERIFIED)

UL-SCH
(ACCESS BURST)

NETWORK DELAY HERE DUE TO DECODING,
CALCULATION OF TA (AND POWER etc).
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T

(UE IS ADDRESSED, (UL POWER), UL RESOURCES)
UL-SCH

—!

OPT. REPEAT OF PROCEDURE :
2

(
“._ (UE IS ADDRESSED, TA, UL POWER, UL/DL RESOURCES)

T IS HERE POSSIBLE FOR NETWORK TO START DL DATA

“| TRANSFER AND UL CAN BE INTIATED AFTER THE NORMAL
UE PROCESSING TIME FOR UL DATA (TO BE VERIFIED)

FIG.2D
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- UE CELL A CELL B
—
OPT. UE ASSIGNED UL=SC IN HO COMMAND, FURTHER UL—SCH THROUGH AT 1
UL=SCH

(ACCESS BURST)

IN THIS DESIGN IT IS ASSUMED THAT THE UE WILL

CHANGE CONFIGURATION IMMEDIATELY PRIOR TO THE
SCHEDULED UL-SCH. THIS MEANS THE DELAY HERE

IS BASICALLY EQUAL TO SWITCHING TIME

FIG.2E
- [oaLA

OPT. REPEAT OF PROCEDURE. -

(UE IS ADDRESSED, (UL POWER), UL RESOURCES)
UL—SCH

(UE IS ADDRESSED TA, UL POWER, UL/DL RESOURCES)

T IS HERE POSSIBLE FOR NETWORK TO START DL

| DATA TRANSFER AND UL CAN BE INITIATED AFTER
THE NORMAL UE PROCESSING TIME FOR UL DATA

(T0 BE VERIFIED)

I — —
FIG.2F
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UL-SCH
(ACCESS BURST)

I Y

(UE IS ADDRESSED, TA, UL POWER, UL/DL RESOURCES)

T IS HERE POSSIBLE FOR NETWORK TO START DL DATA

“| TRANSFER AND UL CAN BE INITIATED AFTER THE NORMAL
UE PROCESSING TIME FOR UL DATA (TO BE VERIFIED)
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