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communications do not require a subsequent retransmission of duplicate data. A method for transmitting a dedicated Random
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status message, and using the recelved Information to approximate status reporting Is provided.




wo 2009/135195 A3 | {00 AL )AL O YO A AR

CA 02721528 2010-10-15

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

ﬁfﬂ"’“\

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
S November 2009 (05.11.2009)

(10) International Publication Number

WO 2009/1351935 A3

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

(74)

International Patent Classification:
HO4W 36/08 (2009.01)

International Application Number:
PCT/US2009/042633

International Filing Date:
1 May 2009 (01.05.2009)

Filing Language: English
Publication Language: English
Priority Data:

61/049,846 2 May 2008 (02.05.2008) US
12/433,802 30 April 2009 (30.04.2009) US

Applicant (for all designated States except US): QUAL-
COMM INCORPORATED [US/US]; Attn: Internation-
al IP Administration, 5775 Morehouse Drive, San Diego,
CA 92121 (US).

Inventors; and

Inventors/Applicants (for US only): MAHESHWARI,
Shailesh [IN/US]; 5775 Morehouse Drive, San Diego,
CA 92121 (US). HO, Sai Yiu Duncan [CA/US]; 5775
Morehouse Drive, San Diego, CA 92121 (US).
BARANY, Peter, A. [US/US]; 5775 Morehouse Drive,
San Diego, CA 92121 (US).

Agent: PATEL, Milan, I.; Attn: International IP Admin-
istration, 5775 Morehouse Drive, San Diego, CA 92121

(US).

(81)

(84)

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,
EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, ZM, ZW.

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

Declarations under Rule 4.17:

as to applicant's entitlement to apply for and be granted
a patent (Rule 4.17(ii))

as to the applicant’s entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

[Continued on next page]

(54) Title: A METHOD AND APPARATUS FOR EFFICIENT HANDOVER IN LTE

2y USER SOURCE CELL TARGET CELL
\* EQUIPMENT 202 204 206
‘» Transmit Both Handover Message & Dedicated ’ Negotiate UE Handoff 210 )
Random Access Channel (RACH) Preamble 212
Acquires Target Cell Transmission 214 «
Sends RACH using Dedicated RACH Preamble 216 »
Handolver Response & Grant Sufficient UL Allocation 218
Radio Link Control (RLC) Status hiessage In Same Transmitter Time Interval (TTI) 220
Include RLC Protocol Data IUnits (PDUs) Under Re-ordering Window 222

Use Approximate Status Reporting for DL/UL 224

Message(s) (one per resource block (RB) +

Handover Complete, Packet Data Convergence Protocol (PDCP) Status
Buffer Status Report (BSR) 225

Service Data Units (SDUs) 226

Packet Data Convergence Protocol (PDCP) Protocol Data Units (PDUs) 228 »

L

—————————-——————————q

—— — ———— — — ———— —  —  ————  —  —  —— —

£ Grant for PDCP Status Message(s), one per Resource Block (RB) 234
___________________________________I______ _________________________
| PDCP Status Message Identifies Missing DL SDUs 236 |

FIG. 2

(57) Abstract: An efficient use of downlink (DL) air-interface bandwidth during handott of user equipment from a source cell to a
target 1s provided. In conjunction with a handotf message to ensure receipt, expedited status exchanges are provided so that mitial
communications do not require a subsequent retransmission of duplicate data. A method for transmitting a dedicated Random Ac-
cess Channel (RACH) preamble and cell information, receiving a RACH from the user equipment to start communication, and
transmitting a handover message and a radio link control (RLC) status message or an UL grant in response to receiving the RACH

is provided. Also, a method for receiving a handover message and target cell information

from a source cell to start handover ne-

gotiations, 1nitiating communication with target cell using the target cell information, receiving a handover message and (RLC)
status message, and using the received mformation to approximate status reporting is provided.
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- AMETHOD AND APPARATUS FOR EFFICIENT HANDOVER IN LTE

' CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application Serial -
No.. 61/049,846, filed May 2, 20{)‘8, entitled “AVOIDANCE OR REDUCTION OF
TRANSMISSION OF DUPLICATE PDCP PDUs AFTER HANDOVER IN LTE,” and

assigned to the assignee hereof.

BACKGROUND
L. Field
[0002] The present disclosure pertain to wireless communication systems, and in
particular to systéms in which wireless handover of a mobile communication device is

necessary between a source cell and a target cell of a communication network.

[0003] Evolving communication systems such as 3GPP Long Term Evolution
(LTE) address nceds of increased mobility of communication devices, often referred to
as user equipment (UE), within a communication network populated by overlapping
cells servicing an increasing number of other UEs. Maintaining continuity of service
often entails making a handoff between a source cell currently communicating with the
UE, and a target cell into whose coverage area the UE 1s moving. If possible, the
communication network facilitates a smooth handoff by having the source cell negotiate
with the target cell to initiate handoff. The source cell then can provide a dedicated
Random Access Channel (RACH) preamble in an uphnk (UL) to the UE as part of
signaling the handoff to the UE, hopefully avoiding excessive contention-resolution

should the UE have to alternatively access the RACH without a dedicated preamble
following a Radio Link Failure (RLF) with the source cell.

[0004] ' ‘Even with this assistance, inefficiencies arise on downlink (DL) and
uplink as handover and initial communications are conducted between the target cell
and UE. Due to bandwidth constraints of a wireless communication channel over an air
interface, it is desirable to avoid sending data transmissions, such as service data units
(SDUS) on DL that are not received and have to be retransmitted. Balancing this

consideration is a preference to avoid latency that can impair quality of service.
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Consequently, the communication network can send SDUs as soon as handover 1s
signaled.

[0005] Complicating the situation are power constraints typical of UEs. In order
to preserve battery service life, UEs often cyclically turn off their radio transmitter and
radio receiver when not scheduled for transmissions with a particular network node,
such as the target cell. Until status information can be exchanged between the target
cell and the UE, an appropriate power level for each transmitter as well as additional
scheduling synchronization may be insufficient for successtul reception of SDUS.

[0006] Consequently, inefficiencies exist on the downlink. The network node
(target cell) may consume DL resources unnecessarily in sending SDUs to the UE
during handoft that are not received. In addition, a status message from the target cell
to the UE sent after handoff may not be received by the UE that could have enhanced
likelithood of successful communication. The target cell may not learn from the UE for
some time which SDUs were not received until receipt of Packet Data Convergence

Protocol (PDCP) status message(s) in one or more radio bearers (RB) on the uplink

(UL).

SUMMARY

[0007] The following presents a simplified summary 1n order to provide a basic
understanding of some aspects of the disclosed aspects. This summary 1s not an
extensive overview and 1S intended to neither identify key or critical elements nor
delinecate the scope of such aspects. Its purpose 1s to present some concepts of the
described features in a simplified form as a prelude to the more detailed description that
1s presented later.

[0008] In accordance with one or more aspects and corresponding disclosure
thercof, various aspects are described in connection with coordinating with user
cquipment 1n conjunction with a downlink (DL) handover message from a target source
for expedited status exchanges so that initial communications do not require a
subsequent retransmission of duplicate data.

[0009] In one aspect, a method 1s provided for wireless communication handoff,
transmitting a dedicated Random Access Channel (RACH) preamble and cell
information, recerving a RACH to start communication, and transmitting at least one of

a handover message or an uplink grant in response to receiving the RACH.
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[0010] In another aspect, at lecast one processor 1s provided for wireless
communication handoff, the processor 1s configured to transmit a dedicated Random
Access Channel (RACH) preamble and cell information, receive a RACH to start
communication, and transmit at least one of a handover message or an uplink grant 1n
response to recerving the RACH.

[0011] In an additional aspect, a computer program product 1s provided for
transmitting a dedicated Random Access Channel (RACH) preamble and cell
information, for recerving a RACH to start communication, and code for transmitting at

least one of a handover message or an uplink grant 1n response to receirving the RACH.

[0012] In another aspect, an apparatus for wireless communication handoff has
means for transmitting a dedicated Random Access Channel (RACH) preamble and cell
information, means for receiving a RACH to start communication, and means for
transmitting at lecast onc of a handover message or an uplink grant in response to
receiving the RACH.

[0013] In one aspect, a method for wireless communication handoftf includes
recerving a handover message and target cell information to start handover negotiations,
initiating communication with target cell using the target cell information, receiving at
least one of a handover message comprising a Radio Link Control (RLC) status report

or an uplink grant, and using the received information to approximate status reporting.

[0014] In another aspect, at least one processor for wireless communication
handoff 1s configured to receive a handover message and target cell information to start
handover negotiations, 1nitiate communication with target cell using the target cell
information, receive at least one of a handover message comprising a Radio Link
Control (RLC) status report or an uplink grant, and use the received information to

approximate status reporting.

[0015] In an additional aspect, a computer program product having code for
recerving a handover message and target cell information to start handover negotiations
includes code for 1nitiating communication with target cell using the target cell
information, code for receiving at least one of a handover message comprising a Radio
Link Control (RLC) status report or an uplink grant, and code for using the received

information to approximate status reporting.
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[0016] [n another additional aspect, an apparatus for wircless communication handoff
has means for receiving a handover message and target cell information to start handover
negotiations, means for initiating communication with target cell using the target cell
information, means for receiving at least one of a handover message comprising a Radio Link
Control (RLC) status report or an uplink grant, and means for using the received information

to approximate status reporting.

[0016a] In one aspect, there is provided a method for wireless communication handoft,
the method comprising: transmitting, by a target cell, a dedicated Random Access Channel
(RACH) preamble and cell information to a source cell; receiving, at the target cell, a RACH
communication from a user equipment (UE) comprising the dedicated RACH preamble to
start communication with the target cell; and transmitting, by the target cell, an uplink grant
accompanying a handover message in response to receiving the RACH communication,
wherein transmitting the uplink grant comprises allocating uplink resources based on a
number of Packet Data Convergence Protocol (PDCP) Protocol Data Units (PDUs) for one or
more configured Data Radio Bearers (DRBs) in a PDCP queue to allow for receiving a PDCP
status message for the one or more contigured DRBs and a Butfer Status Report (BSR).

[0016Db] In another aspect, there is provided an apparatus for wireless communication
handoff, the apparatus comprising: means for transmitting a dedicated Random Access
Channel (RACH) preamble and cell information; means for receiving a RACH

communication from a user equipment (UE) comprising a dedicated preamble to start

communication with the apparatus; and means for transmitting an uplink grant accompanying
a handover message in response to receiving the RACH communication, wherein the means
for transmitting the uplink grant comprises means for allocating uplink resources based on a
number of Packet Data Convergence Protocol (PDCP) Protocol Data Units (PDUs) for one or
more configured Data Radio Bearers (DRBs) in a PDCP queue to allow for receiving a PDCP
status message for the one or more configured DRBs and a Butter Status Report (BSR).

[0016c¢] - In still another aspect, there is provided an apparatus for wireless
communication handoff, the apparatus comprising: at least one processor configured to

transmit a dedicated Random Access Channel (RACH) preamble and cell information; receive
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a RACH communication from a user equipment (UE) comprising a dedicated preamble to
start communication with the apparatus; and transmit at least one of a handover message or an
uplink grant in response to receiving the RACH, wherein the processor configured to allocate
uplink resources based on a number of Packet Data Convergence Protocol (PDCP) Protocol
Data Units (PDUSs) for one or more configured Data Radio Bearers (DRBs) in a PDCP queue

to allow for receiving a PDCP status message for the one or more configured DRBs and a

Buffer Status Report (BSR).

[00164d] In a further aspect, there is provided a computer program product, comprising:

a non-transitory computer-readable medium having recorded thereon instructions for

execution by a processor, the instructions comprising: code for transmitting a dedicated

Random Access Channel (RACH) preamble and cell information; code for receiving a RACH
communication from a user equipment (UE) comprising a dedicated preambile to start
communication with the apparatus; and code for transmitting at least one of a handover
message or an uplink grant in response to receiving the RACH, wherein code for transmitting
the uplink grant comprises allocating uplink resources based on a number of Packet Data
Convergence Protocol (PDCP) Protocol Data Units (PDUs) for one or more contfigured Data
Radio Bearers (DRBs) in a PDCP queue to allow for receiving a PDCP status message for the
one or more configured DRBs and a Bufter Status Report (BSR).

[0016¢] In yet a further aspect, there is provided a method for wireless communication
handoff, the method comprising: receiving target cell information to start handover
negotiations; initiating communication with a target cell using the target cell information;
receiving an uplink grant accompanying a handover message from the target cell, wherein the
uplink grant comprises an allocation of uplink resources based on a number of Packet Data
Convergence Protocol (PDCP) Protocol Data Units (PDUs) for one or more configured Data
Radio Bearefs (DRBs) in a PDCP queue to allow for transmitting a PDCP status message for
the one or more configured DRBs and a Buffer Status Report (BSR); and using the received

information to approximate status reporting.

[0016f]  In still a further aspect, there is provided an apparatus for wireless

communication handoff, the apparatus comprising: means for receiving target cell information
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to start handover negotiations; means for initiating communication with a target cell using the
target cell information; means for receiving an uplink grant accompanying a handover
message from the target cell, wherein the uplink grant comprises an allocation of uplink
resources based on a number of Packet Data Convergence Protocol (PDCP) Protocol Data
Units (PDUs) for one or more configured Data Radio Bearers (DRBs) in a PDCP queue to
allow for transmitting a PDCP status message for the one or more contigured DRBs and a
Buffer Status Report (BSR); and means for using the received information to approximate

status reporting.

[0016¢g] " In another aspect, there is provided a computer program product, comprising: a
non-transitory computer-readable medium having recorded thereon instructions for execution
by a processor, the instructions comprising: code receiving target cell information to start
handover negotiations; code for initiating communication with target cell using the target cell
information; code for receiving an uplink grant accompanying a handover message, wherein
the uplink grant comprises allocating uplink resources based on a number ot Packet Data
Convergencé Protocol (PDCP) Protocol Data Units (PDUSs) for one or more configured Data
Radio Bearers (DRBs) in a PDCP queue to allow for transmitting a PDCP status message for
the one or more configured DRBs and a Buffer Status Report (BSR); and code for using the

received information to approximate status reporting.

[0016h] In still another aspect, there is provided an apparatus for wireless

communication handoff, the apparatus comprising: at least one processor configured to

receive target cell information to start handover negotiations; initiate communication with a
target cell using the target cell information; receive at least one of a handover message
comprising a Radio Link Control (RLC) status report or an uplink grant, wherein the uplink
grant comprises allocating uplink resources of based on a number of Packet Data
Convergence Protocol (PDCP) Protocol Data Units (PDUs) for one or more configured Data
Radio Bearers (DRBs) to allow for transmitting a PDCP status message for the one or more

configured DRBs and a Buffer Status Report (BSR); and use the received information to

approximate status reporting.
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[0016i] In yet another aspect, there is provided a method for wireless communication

handoff, the method comprising: transmitting, by a target cell, a dedicated Random Access
Channel (RACH) preamble and cell information to a source cell; receiving, at the target cell, a
RACH communication from a user equipment (UE) comprising the dedicated RACH
preamble to start communication with the target cell; and transmitting, by the target cell, a
handover message in response to receiving the RACH, wherein transmitting the handover
message comprises transmitting the handover message and a radio link control (RLC) status

message in a same transmitter time interval (TTT).

[0016j] In a further aspect, there is provided an apparatus for wireless communication
handoff, the apparatus comprising: means for transmitting a dedicated Random Access
Channel (RACH) preamble and cell information; means for receiving a RACH
communication from a user equipment (UE) comprising a dedicated preamble to start
communication with the apparatus; and means for transmitting a handover message in
response to receiving the RACH communication, wherein the means for transmitting the
handover message comprise means for transmitting the handover message and a radio link

control (RLC) status message in a same transmitter time interval (TT1).

[0016K] ~ In yet a further aspect, there is provided an apparatus for wireless
communication handoff, the apparatus comprising: at least one processor configured to:
transmit a dedicated Random Access Channel (RACH) preamble and cell information; receive

a RACH communication from a user equipment (UE) comprising a dedicated preamble to

start communication with the apparatus; and transmit a handover message 1n response to
receiving the RACH communication, wherein the processor configured to transmit the

handover message and a radio link control (RLC) status message in a same transmitter time

interval (TTI).

[00161] In still a further aspect, there is provided a computer program product,
comprising: a non-transitory computer-readable medium having recorded thereon instructions
for execution by a processor, the instructions comprising: code for transmitting a dedicated
Random Access Channel (RACH) preamble and cell information; code for receiving a RACH

communication from a user equipment (UE) comprising a dedicated preamble to start
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communication with the apparatus; and code for transmitting a handover message in response
to receiving the RACH, wherein code for transmitting the handover message comprises code
for transmitting the handover message and a radio link control (RLC) status message in a

same transmitter time interval (TTI).

[0016m)] - In another aspect, there is provided a method for wireless communication
handoff, the method comprising: receiving target cell information to start handover
negotiations; initiating communication with a target cell using the target cell information,;
receiving a handover message comprising a Radio Link Control (RLC) status report in a same
transmitter time interval (TTI); and using the received information to approximate status

reporting.

[0016n] In still another aspect, there is provided an apparatus for wireless
communication handoff, the apparatus comprising: means for receiving target cell information
to start handover negotiations; means for initiating communication with a target cell using the
target cell information; means for receiving a handover message comprising a Radio Link
Control (RLC) status report in a same transmitter time interval (TTI); and means for using the

received information to approximate status reporting.

[00160] In yet another aspect, there 1s provided a computer program product,
comprising: a non-transitory computer-readable medium having recorded thereon instructions

for execution by a processor, the instructions comprising: code receiving target cell

information to start handover negotiations; code for initiating communication with target cell
using the target cell information; code for receiving a handover message comprising a Radio
Link Control (RLC) status report in a same transmitter time interval (TTI); and code for using

the received information to approximate status reporting.

[0016p] In a further aspect, there is provided an apparatus for wireless communication
handoff, the apparatus comprising: at least one processor configured to receive target cell
information fo start handover negotiations; initiate communication with a target cell using the
target cell information; receive at least one of a handover message comprising a Radio Link
Control (RLC) status report in a same transmitter time interval (TTI); and use the received

information to approximate status reporting.
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[0017] - To the accomplishment of the foregoing and related ends, one or more
aspects comprise the features hereinafter fully described and particularly pointed out in
the claims. The following description and the annexed drawings set forth in detail
certain illustrative aspects and are indicative of but a few of the various ways m which
the principles of the aspects may be employe.d. Other advantages and novel features
will become apparent from the following detailed description when considered in
conjunction with the drawings and the disclosed aspects are intended to include all such

aspects and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The features, nature, and advantages of the present disclosure will become
more apparent from the detailed description set forth below when taken in conjunction
with the drawings in which like reference characters identify correspondingly

throughout and wherein:

[0019] Fig. 1 illustrates a block diagram of a data packet communication system for

inctreased handoff efficiency;

[0020] . Fig. 2 illustrates a timing diagram of communication between a mobile

communication device (user equipment) a source cell and a target cell to perform a
handoff;

[0021] Fig. 3 illustrates a sample methodology for efficient transmission during
handover used by the target cell;

[0022])  Fig. 4 a sample methodology for efficient transmission during handover used

by the user equipment.
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[0023] Fig. 5 depicts an exemplary system that facilitates avoidance or reduction of
transmission of duplicate PDCP PDU’s 1n accordance with various aspects employed by

a cell.

[0024] Fig. 6 depicts an exemplary system that facilitates avoidance or reduction of
transmission of duplicate PDCP PDU’s 1n accordance with various aspects employed by

user equipment.

[0025] Fig. 7 1s an 1llustration of a user equipment that facilitates avoidance or
reduction of transmission of duplicate PDCP PDU’s 1n accordance with various aspects

presented herein.

[0026] Fig. 8 1s an 1llustration of a base station (¢NB) that facilitates avoidance or
reduction of transmission of duplicate PDCP PDU’s 1n accordance with various aspects

presented herein.

[0027] Fig. 9 1llustrates a multiple access wireless communication system according

to on¢ or more aspects.

[0028] Fig. 10 1llustrates an exemplary wireless communication system, according

to various aspects.

DETAILED DESCRIPTION

[0029] Various aspects are now described with reference to the drawings. In the
following description, for purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of one or more aspects. It may be
evident, however, that the various aspects may be practiced without these specific
details. In other instances, well-known structures and devices are shown in block
diagram form 1n order to facilitate describing these aspects.

[0030] As used 1n this application, the terms “component”, “module”, “system”, and
the like are intended to refer to a computer-related entity, ecither hardware, a
combination of hardware and software, software, or software 1 execution. For
example, a component may be, but 1s not limited to being, a process running on a
processor, a processor, an object, an executable, a thread of execution, a program,
and/or a computer. By way of 1llustration, both an application running on a server and

the server can be a component. One or more components may reside within a process

and/or thread of execution and a component may be localized on one computer and/or
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distributed between two or more computers. In addition, these components can execute
from various computer readable media having various data structures stored thercon.
The components may communicate by way of local and/or remote processes such as in
accordance with a signal having one or more data packets (e.g., data from one
component 1nteracting with another component 1n a local system, distributed system,
and/or across a network such as the Internet with other systems by way of the signal).
[0031] Furthermore, various aspects are described herein in connection with a
mobile device. A mobile device can also be called, and may contain some or all of the
functionality of a system, subscriber unit, subscriber station, mobile station, mobile,
wireless terminal, node, device, remote station, remote terminal, access terminal, user
terminal, terminal, wireless communication device, wircless communication apparatus,
user agent, user device, or user equipment (UE). A mobile device can be a cellular
telephone, a cordless telephone, a Session Initiation Protocol (SIP) phone, a smart
phone, a wireless local loop (WLL) station, a personal digital assistant (PDA), a laptop,
a handheld communication device, a handheld computing device, a satellite radio, a
wircless modem card and/or another processing device for communicating over a
wireless system. Moreover, various aspects are described herein in connection with a
base station. A base station can be utilized for communicating with wireless terminal(s)
and can also be called, and may contain some or all of the functionality of, an access
point, node, Node B, ¢-NodeB, ¢-NB, or some other network entity.

[0032] Various aspects or features will be presented 1n terms of systems that
may 1nclude a number of devices, components, modules, and the like. It 1S to be
understood and appreciated that the various systems may include additional devices,
components, modules, efc. and/or may not include all of the devices, components,
modules efc. discussed in connection with the figures. A combination of these
approaches may also be used.

[0033] The word “exemplary” 18 used herein to mean serving as an example,
instance, or illustration. Any aspect or design described herein as “exemplary” 18 not
necessarily to be construed as preferred or advantageous over other aspects or designs.
[0034] Additionally, the one or more versions may be implemented as a method,
apparatus, or article of manufacture using standard programming and/or engineering
techniques to produce software, firmware, hardware, or any combination thercof to

control a computer to mmplement the disclosed aspects. The term "article of
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manufacture” (or alternatively, "computer program product”) as used herein 1s intended
to encompass a computer program accessible from any computer-readable device,
carricr, or media. For example, computer readable media can include but are not
limited to magnetic storage devices (e.g., hard disk, floppy disk, magnetic strips...),
optical disks (e.g., compact disk (CD), digital versatile disk (DVD)...), smart cards, and
flash memory devices (e.g., card, stick). Additionally 1t should be appreciated that a
carricr wave can be employed to carry computer-readable electronic data such as those
used 1n transmitting and receiving electronic mail or in accessing a network such as the
Internet or a local areca network (LAN). Of course, those skilled 1n the art will recognize
many modifications may be made to this configuration without departing from the scope
of the disclosed aspects.

[0035] Turning to the Drawings, in Fig. 1, a communication system 100 performs
data packet communication between a mobile communication device, depicted as user
cquipment (UE) 102, and a network node. In particular, the communication system
increases cfficient use of air-interface bandwidth of a downlink (DL) 103 during
handoft of UE 102 from a source cell (also source eNode B or eNB) 104 to a target cell
(also referred to as target eNode B or eNB) 106 by using enhanced instructions for an
allocation of an uplink (UL) 107. The target cell 106 sends the enhanced UL
instructions to the UE 102 as part of the handover message, leveraging capability for the
source cell 104 to negotiate for a “backward” handoff, depicted as backward handover
message 108. In performing this backward handoff, the source cell 104 receives target
cell information so that the UE 102 can acquire communications with the source cell
104 as well as a dedicated Random Access Channel (RACH) preamble for imitial UL
transmissions on the target cell. This approach avoids using a common RACH
prcamble that results 1n a contention-resolution process. The source cell obtains this
dedicated RACH preamble, sending 1t along with a handoff message 110 to ensure
receipt by the UE 102 before the UE 102 drops.

[0036] In responding to the dedicated RACH preamble, the target cell can send
enhanced UL i1nstructions that accompany the handover message. In one aspect
depicted at 112, increased UL grant provides the UE 102 sufficient resource to provide
PDCP status information. In particular, the UE 1s given sufficient resources to include
PDCP status message(s) (one per radio bearer (RB)), handover complete message and a

buffer status report (BSR), as depicted at 114, without having to neither request 1t nor
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take the otherwise longer number of cycles to complete. Otherwise, the need to avoid
latency by immediately sending DL service data units (SDUSs) can result in the need to
resend duplicate SDUs after lengthy period. In addition, the target cell 106 may not
otherwise successfully receive Packet Data Convergence Protocol (PDCP) protocol data
units (PDUs) on the UL. Thereby, the need to send duplicate DL service data units
(SDUs) 1s reduced or avoided.

[0037] In another aspect, the enhanced UL instructions can include a Radio Link
Control (RLC) status message in the same transmission time interval (TTI) with the
handover message as depicted at 116 to increase the likelihood of receipt and use by the
UE. Otherwise, once the handover message (without the RLC status message included
in 1t) 18 successfully received by the UE, the UE 102 may not look at any subsequent
messages at all since the UE will process the handover message, stop communicating
with the source cell, and start the Random access procedures with the target cell.

[0038] It should be appreciated with the benefit of the present disclosure that
techniques described herein may be used for various wireless communication systems
such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and other systems. The terms
“system” and “network™ are often used interchangeably. A CDMA system may
implement a radio technology such as Universal Terrestrial Radio Access (UTRA),
cdma2000, etc. UTRA includes Wideband-CDMA (W-CDMA) and other variants of
CDMA. CDMA2000 covers IS-2000, IS-95 and IS-856 standards. A TDMA system
may implement a radio technology such as Global System for Mobile Communications
(GSM). An OFDMA system may implement a radio technology such as Evolved
UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE 802.11 (Wi-F1), IEEE
802.16 (WiMAX), IEEE 802.20, Flash-OFDM®, ctc. UTRA 1s part of Universal
Mobile Telecommunication System (UMTS). E-UTRA 1s part of the 3GPP Long Term
Evolution, an upcoming release of 3GPP, which employs OFDMA on the downlink and
SC-FDMA on the uplink. UTRA, E-UTRA, UMTS, LTE and GSM are described 1n
documents from an organization named “3rd Generation Partnership Project” (3GPP).
CDMAZ2000 and UMB are described in documents from an organization named ““3rd
Generation Partnership Project 2 (3GPP2). These various radio technologies and
standards are known 1n the art.

[0039] Fig. 2-4 1llustrates methodologies and/or flow diagrams i accordance with

the claimed subject matter. For simplicity of explanation, the methodologies are



CA 02721528 2010-10-15
WO 2009/135195 PCT/US2009/042633

9

depicted and described as a series of acts. It is to be understood and appreciated that the
subject mnovation 18 not limited by the acts 1llustrated and/or by the order of acts. For
example, acts can occur in various orders and/or concurrently, and with other acts not
presented and described herein. Furthermore, not all illustrated acts may be required to
implement the methodologies 1n accordance with the claimed subject matter. In
addition, those skilled 1n the art will understand and appreciate that the methodologies
could alternatively be represented as a series of interrelated states via a state diagram or
cvents. Additionally, 1t should be further appreciated that the methodologies disclosed
heremafter and throughout this specification are capable of being stored on an article of
manufacture to facilitate transporting and transferring such methodologies to computers.
The term article of manufacture, as used herein, 1s intended to encompass a computer

program accessible from any computer-readable device, carrier, or media.

[0040] Fig. 2 1s an exemplary timing diagram of a methodology 200 for avoiding or
reducing contention-resolution at a target cell during handoft of a UE 202 from a source
cell 204 to a target cell 206. In block 210, the source cell 204 nitiates negotiating the
handoft with the target cell 206, receiving dedicated RACH preamble and target cell
information. In block 212, the source cell 204 transmits this dedicated RACH preamble
and target cell information along with the handoft message to the UE 202. The UE 202
benefits from target cell information 1in acquiring the target cell 206 m block 214, and
uses the dedicated RACH preamble in using the RACH 1 block 216 to mitiate

communication with the target cell 206.

[0041] Advantageously, in block 218 the target cell 206 responds by granting
sufficient UL resource allocation for the UE 202 along with the handover response. In
block 220, the target cell 206 sends a Radio Link Control (RLC) status message 1n the
same transmitter time interval (TTI). In block 222, the target cell 206 chooses to
include RLC PDUs that are under re-ordering window as well for the RLC status
message send with the handover message. Thereby, the handover message/procedure

triggers.

[0042] In block 224, the UE 202 uses this information from blocks 218, 220, 222 to
determine approximate status reporting on the DL and UL. In particular, in block 2235,
the higher UL grant 1s used by the UE 202 for expeditiously sending the handover

complete message, Packet Data Convergence Protocol (PDCP) Status Message(s) (one

per radio bearer (RB)), and Buffer Status Report (BSR). With this early exchange of
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status information, the Service Data Units (SDUs) sent on the downlink at block 226
and the PDCP PDUs on the UL at block 228 are received successfully or at least with

reduced losses.

[0043] These efficiencies are depicted at block 230 as being able to avoid a request
to resend missing SDUs on the DL. The need for the UE 202 to request to send PDCP
status message 1n block 232 1s mitigated, as well as subsequent grant 1n block 234 on
the DL followed by the PDCP status message, identifying missing DL SDUSs 1n block
236 on the UL. Finally, the increased latency and number of duplicate DL SDUs 1s
avolded or mitigated, as depicted at 238.

[0044] Turning specifically to Fig. 3, an example methodology 300 employed by
the eNB (for example, cell 104 or 106) that facilitates efficient transmission during
handover 1n wireless communication system according to an aspect 1s 1llustrated. The
method starts at 302, the method receives a request from the source cell 204 to initiate
negotiating UE handoff with UE. The method at 304, transmits dedicated random access
channel (RACH) preamble and target cell information to source cell. The method at
306, receives the RACH based on the dedicated RACH preamble for initiating
communication from UE. According to an aspect, the method at 308, transmits an UL
orant comprising size of UL resource allocation, wherein UL resource allocation 1s of a
sufficient size to allow UE to transmit PDCP status message over one or more
configured data radio bearers (DRBs), and a Buffer Status Report (BSR).. In an aspect,
the size of the UL grant may be computed based on the number of PDCP PDUS, across
all configured data radio bearers (DRBs), sitting in PDCP to RLC queue or number of
PDCP packets forwarded from the source cell. In another aspect, the size may be
computed based on signaling information between source cell and target cell about the
number of forwarded PDCP packets which were actually transmitted. In another aspect,
the method at 308, for cach UE sending RACH based on the transmitted dedicated
RACH preamble, the eNB 1dentifies those UEs as handover UEs. The method at 308,
provides higher (e.g., extra) number of grants to all the UE’s identified as handover UEs
to allow for transmitting the PDCP status message and BSR without the UE requesting
additional grants. In another aspect, method at 308, transmits a handover message
comprising RLC status message (1.¢. report). The RLC PDUSs that are under re-ordering
window as well as RLC status message are sent with the handover message. Thus, 1n an

aspect, the handover message/procedures triggers RLC status message from network
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side that will override any RLC status prohibit timer from running on the network side.
This provides a method to notify the UE that the latest information about which UL
RLC PDUs have been received so that when UE switches to the target cell, the UE can
start retransmitting RLC PDUSs starting with the oldest one not received at the source
cell. In an aspect, the UL grant and handover message comprising the RLC Status report
may be transmitted in the same TTI. The method at 310, receives a handover complete
message, PDCP status messages, one per radio bearer (RB), and one or more Buffer

Status Report to complete the handover.

[0045] Turning specifically to Fig. 4, an example methodology 400 employed by
the UE that facilitates efficient transmission during handover in wireless communication
system according to an aspect 18 1illustrated. The method starts at 402, the method
recerves a handoff message and RACH preamble to UE 202 from the source cell 204,
therein to began the handover to the target cell. The method at 404, uses target cell
information in acquiring the target cell 206 1n block 214 and uses the dedicated RACH
precamble to 1nitiate communication. The method at 406, transmits RACH derived from
the dedicated RACH preamble to initiate communications. The method at 408, provides
for recerving the grant of UL allocation and/or the handover message comprising RLC
status message and RLC PDUs. The method at 410, uses this information received at
408 to determine approximate status reporting on the downlink and uplink. The method
at 412, transmits a handover complete message, PDCP status messages, one per radio

bearer (RB), and one or more Buffer Status Report to complete the handover.

[0046] Referring now to Fig. 5, a system 500 that facilitates avoidance or
reduction of transmission of duplicate PDCP PDU’s a wireless communication 18
illustrated. System 500 can include a module 502 for transmitting a dedicated Random
Access Channel (RACH) preamble and cell information; a module 504 for receiving a
RACH to start communication; a module 506 for transmitting at least one of a handover
message or an uplink grant in response to receiving the RACH; a module 508 for
transmitting the handover message comprises transmitting the handover message and a
radio link control (RLC) status message 1n same transmitter time interval (TTI); and a
module 510 for transmitting the uplink grant comprises transmitting a size of uplink
resource allocation 1n the uplink grant. Modules 502-510 may be a processor or any

clectronic device and may be coupled to memory module 512.
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[0047] Referring now to Fig. 6, a system 600 that facilitates avoidance or
reduction of transmission of duplicate PDCP PDU’s a wireless communication 18
illustrated. System 600 can include a module 602 for receiving a handover message and
target cell information from a source cell to start handover negotiations; a module 604
for initiating communication with target cell using the target cell information; a module
606 for recerving at least one of a handover message comprising a Radio Link Control
(RLC) status report or an uplink grant; and a module 608 for transmitting one or more
messages to complete the handover. Modules 602-68 may be a processor or any
clectronic device and can be coupled to memory module 610.

[0048] With reference now to Fig. 7, illustrated 1s a system 700 that facilitates
avoldance or reduction of transmission of duplicate PDCP PDU’s in accordance with
various aspects presented herem. System 700 can reside m a user device. System 700
comprises a receiver 702 that can receive a signal from, for example, a recerver antenna.
The recerver 702 can perform typical actions thercon, such as filtering, amplifying,
downconverting, efc. the received signal. The receiver 702 can also digitize the
conditioned signal to obtain samples. A demodulator 704 can obtain received symbols
for cach symbol period, as well as provide receirved symbols to a processor 706.

[0049] Processor 706 can be a processor dedicated to analyzing information
recerved by recerver component 702 and/or generating information for transmission by
a transmitter 708. In addition or alternatively, processor 706 can control one or more
components of user device 700, analyze information received by recerver 702, generate
information for transmission by transmitter 708, and/or control one or more components
of user device 700. Processor 706 may include a controller component capable of
coordinating communications with additional user devices.

[0050] User device 700 can additionally comprise memory 708 operatively
coupled to processor 706 and that can store information related to coordinating
communications and any other suitable information. Memory 710 can additionally store
protocols associated with maximizing the Euclidean distance. User device 700 can
further comprise a symbol modulator 712 and a transmitter 708 that transmits the
modulated signal.

[0051] Fig. 8 1s an 1llustration of a system 800 that facilitates avoidance or
reduction of transmission of duplicate PDCP PDU’s 1n accordance with various aspects

presented herein. System 800 comprises a base station or access point 802. AS
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illustrated, base station 802 receives signal(s) from one or more communication devices
804 (e.g., user device) by a receive antenna 806, and transmits to the one or more
communication devices 804 through a transmit antenna 808.

[0052] Base station 802 comprises a recerver 810 that receives information from
receive antenna 806 and 1s operatively associated with a demodulator 812 that
demodulates received information. Demodulated symbols are analyzed by a processor
814 that 1s coupled to a memory 816 that stores information related to maximizing a
Euclidean distance. A modulator 818 can multiplex the signal for transmission by a
transmitter 820 through transmit antenna 808 to communication devices 804.

[0053] Referring now to Fig. 9, a multiple access wireless communication
system 900 according to one or more aspects 1s illustrated. A wireless communication
system 900 can include one or more base stations 1n contact with one or more user
devices. Each base station provides coverage for a plurality of sectors. A three-sector
base station 902 1s 1llustrated that includes multiple antenna groups, on¢ including
antennas 904 and 906, another including antennas 908 and 910, and a third including
antennas 912 and 914. According to the figure, only two antennas are shown for each
antenna group, however, more or fewer antennas may be utilized for each antenna
group. Mobile device 916 1s 1n communication with antennas 912 and 914, where
antennas 912 and 914 transmit information to mobile device 916 over forward link 918
and receive information from mobile device 916 over reverse link 920. Forward link
(or downlink) refers to the communication link from the base stations to mobile devices,
and the reverse link (or uplink) refers to the communication link from mobile devices to
the base stations. Mobile device 922 18 1n communication with antennas 904 and 906,
where antennas 904 and 906 transmit information to mobile device 922 over forward
link 924 and receive information from mobile device 922 over reverse link 926. In a
FDD system, for example, communication links 918, 920, 924, and 926 might utilize
different frequencies for communication. For example, forward link 918 might use a
different frequency than the frequency utilized by reverse link 920.

[0054] Each group of antennas and/or the arca 1n which they are designated to
communicate may be referred to as a sector of base station 902. In one or more aspects,
antenna groups cach are designed to communicate to mobile devices in a sector or the
arcas covered by base station 902. A base station may be a fixed station used for

communicating with the terminals.
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[0055] In communication over forward links 918 and 924, the transmitting
antennas of base station 902 can utilize beamforming in order to 1improve a signal-to-
noise ratio of forward links for the difterent mobile devices 916 and 922. Also, a base
station utilizing beamforming to transmit to mobile devices scattered randomly through
its coverage arca might cause less interference to mobile devices 1in neighboring cells
than the interference that can be caused by a base station transmitting through a single
antenna to all the mobile devices 1n 1ts coverage area.

10056} Fig. 10 1llustrates an exemplary wireless communication system 1000,
according to various aspects. Wireless communication system 1000 depicts one base
station and one terminal for sake of brevity. However, 1t 18 to be appreciated that
system 1000 can include more than one base station or access point and/or more than
one terminal or user device, wherein additional base stations and/or terminals can be
substantially similar or different from the exemplary base station and terminal described
below. In addition, 1t 1s to be appreciated that the base station and/or the terminal can
employ the systems and/or methods described herein to facilitate wireless
communication there between.

[0057] Referring now to Fig. 10, on a downlink, at access point 1005, a transmat
(TX) data processor 1010 receives, formats, codes, interleaves, and modulates (or
symbol maps) traffic data and provides modulation symbols (“data symbols™”). A
symbol modulator 1015 receives and processes the data symbols and pilot symbols and
provides a stream of symbols. A symbol modulator 1015 multiplexes data and pilot
symbols and obtains a sct of N transmit symbols. Each transmit symbol may be a data
symbol, a pilot symbol, or a signal value of zero. The pilot symbols may be sent
continuously 1in each symbol period. The pilot symbols can be frequency division
multiplexed (FDM), orthogonal frequency division multiplexed (OFDM), time division
multiplexed (TDM), frequency division multiplexed (FDM), or code division
multiplexed (CDM).

[0058] A transmitter unit (TMTR) 1020 receives and converts the stream of
symbols into one or more analog signals and further conditions (e.g., amplifies, filters,
and frequency upconverts) the analog signals to gencrate a downlink signal suitable for
transmission over the wireless channel. The downlink signal 1s then transmitted through
an antenna 1025 to the terminals. At terminal 1030, an antenna 1035 receives the

downlink signal and provides a received signal to a receiver unit (RCVR) 1040.
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Recerver unit 1040 conditions (e.g., filters, amplifies, and frequency downconverts) the
received signal and digitizes the conditioned signal to obtain samples. A symbol
demodulator 1045 obtains N received symbols and provides received pilot symbols to a
processor 1050 for channel estimation. Symbol demodulator 1045 further receives a
frequency response estimate for the downlink from processor 1050, performs data
demodulation on the received data symbols to obtain data symbol estimates (which are
estimates of the transmitted data symbols), and provides the data symbol estimates to an
RX data processor 1055, which demodulates (i.e., symbol demaps), deinterleaves, and
decodes the data symbol estimates to recover the transmitted traffic data. The
processing by symbol demodulator 1045 and RX data processor 1055 1s complementary
to the processing by symbol modulator 1015 and TX data processor 1010, respectively,
at access point 10035.

[0059] On the uplink, a TX data processor 1060 processes traffic data and
provides data symbols. A symbol modulator 1065 receives and multiplexes the data
symbols with pilot symbols, performs modulation, and provides a stream of symbols. A
transmitter unit 1070 then receives and processes the stream of symbols to generate an
uplink signal, which 1s transmitted by the antenna 1035 to the access point 1005.

[0060] At access pomnt 1005, the uplink signal from terminal 1030 is received by
the antenna 1025 and processed by a receiver unit 1075 to obtain samples. A symbol
demodulator 1080 then processes the samples and provides received pilot symbols and
data symbol estimates for the uplink. An RX data processor 1085 processes the data
symbol estimates to recover the traffic data transmitted by terminal 1030. A processor
1090 performs channel estimation for each active terminal transmitting on the uplink.
[0061] Processors 1090 and 1050 direct (e.g., control, coordinate, manage, ...)
operation at access point 1005 and terminal 1030, respectively. Respective processors
1090 and 1050 can be associated with memory units (not shown) that store program
codes and data. Processors 1090 and 1050 can also perform computations to derive
frequency and impulse response estimates for the uplink and downlink, respectively.
10062] For a multiple-access system (e.g., FDMA, OFDMA, CDMA, TDMA,
and the like), multiple terminals can transmit concurrently on the uplink. For such a
system, the pilot subbands may be shared among different terminals. The channel
estimation techniques may be used 1n cases where the pilot subbands for each terminal

span the entire operating band (possibly except for the band edges). Such a pilot
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subband structure would be desirable to obtain frequency diversity for each terminal.
The techniques described herein may be implemented by various means. For example,
these techniques may be implemented in hardware, software, or a combination thereof.
For a hardware implementation, the processing units used for channel estimation may
be mmplemented within one or more application specific integrated circuits (ASICs),
digital signal processors (DSPs), digital signal processing devices (DSPDs),
programmable logic devices (PLDs), ficld programmable gate arrays (FPGAS),
processors, controllers, micro-controllers, microprocessors, other e¢lectronic units
designed to perform the functions described herein, or a combination thercof. With
software, implementation can be through modules (e.g., procedures, functions, and so
on) that perform the functions described herein. The software codes may be stored 1n
memory unit and executed by the processors 1090 and 1050.

[0063] It 1s to be understood that the aspects described herein may be
implemented by hardware, software, firmware or any combination thercof. When
implemented 1n software, the functions may be stored on or transmitted over as one or
more 1nstructions or code on a computer-readable medium. Computer-readable media
includes both computer storage media and communication media including any medium
that facilitates transfer of a computer program from one place to another. A storage
media may be any available media that can be accessed by a general purpose or special
purpose computer. By way of example, and not limitation, such computer-readable
media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other medium that can
be used to carry or store desired program code means 1n the form of instructions or data
structures and that can be accessed by a general-purpose or special-purpose computer,
or a general-purpose or special-purpose processor. Also, any connection 1s properly
termed a computer-readable medium. For example, if the software 1s transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wircless
technologies such as infrared, radio, and microwave are included in the definition of
medium. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually

reproduce data magnetically, while discs reproduce data optically with lasers.
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Combinations of the above should also be included within the scope of computer-
readable media.

[0064] The various 1llustrative logics, logical blocks, modules, and circuits
described 1n connection with the aspects disclosed herein may be mmplemented or
performed with a general purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field programmable gate array (FPGA)
or other programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thercof designed to perform the functions described
herein. A general-purpose processor may be a microprocessor, but, in the alternative,
the processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be mmplemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurality of
mICroprocessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration. Additionally, at least one processor may comprise on¢ or
more modules operable to perform one or more of the steps and/or actions described
above.

[0065] For a software implementation, the techniques described herein may be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored 1n memory units and
executed by processors. The memory unit may be implemented within the processor or
external to the processor, in which case 1t can be communicatively coupled to the
processor through various means as 1s known in the art. Further, at least one processor
may 1nclude one or more modules operable to perform the functions described herein.
[0066] The techniques described herein may be used for various wireless
communication systems such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and
other systems. The terms “system” and “network™ are often used interchangeably. A
CDMA system may implement a radio technology such as Universal Terrestrial Radio
Access (UTRA), CDMA2000, etc. UTRA 1ncludes Wideband-CDMA (W-CDMA) and
other variants of CDMA. Further, CDMA2000 covers IS-2000, IS-95 and IS-856

standards. A TDMA system may implement a radio technology such as Global System
for Mobile Communications (GSM). An OFDMA system may mmplement a radio
technology such as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE

802.11 (Wi-Fi), IEEE 802.16 (WiMAX), TEEE 802.20, Flash-OFDM®, etc. UTRA and
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E-UTRA are¢ part of Universal Mobile Telecommunication System (UMTS). 3GPP
Long Term Evolution (LTE) 1s a rclease of UMTS that uses E-UTRA, which employs
OFDMA on the downlink and SC-FDMA on the uplink. UTRA, E-UTRA, UMTS,
LTE and GSM are described in documents from an organization named “3rd Generation
Partnership Project” (3GPP). Additionally, CDMA2000 and UMB ar¢ described in
documents from an organization named “3rd Generation Partnership Project 27
(3GPP2). Further, such wireless communication systems may additionally include peer-
to-pecer (e.g., mobile-to-mobile) ad hoc network systems often using unpaired
unlicensed spectrums, 802.xx wireless LAN, BLUETOOTH and any other short- or
long- range, wireless communication techniques.

[0067] Morecover, various aspects or features described herein may be
implemented as a method, apparatus, or article of manufacture using standard
programming and/or engineering techniques. The term "article of manufacture” as used
herein 1s mtended to encompass a computer program accessible from any computer-
readable device, carrier, or media. For example, computer-readable media can include
but are not limited to magnetic storage devices (e.g., hard disk, floppy disk, magnetic
strips, etc.), optical disks (e.g., compact disk (CD), digital versatile disk (DVD), etc.),
smart cards, and flash memory devices (e.g., EPROM, card, stick, key drive, etc.).
Additionally, various storage media described herein can represent one or more devices
and/or other machine-readable media for storing information. The term “machine-
readable medium™ can include, without being limited to, wireless channels and various
other media capable of storing, containing, and/or carrying instruction(s) and/or data.
Additionally, a computer program product may include a computer readable medium
having one or more instructions or codes operable to cause a computer to perform the
functions described herein.

[0068] Further, the steps and/or actions of a method or algorithm described in
connection with the aspects disclosed heremn may be embodied directly in hardware, 1n a
software module executed by a processor, or 1n a combination of the two. A software
module may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, a hard disk, a removable disk, a CD-ROM, or any other
form of storage medium known in the art. An exemplary storage medium may be
coupled to the processor, such that the processor can read information from, and write

information to, the storage medium. In the alternative, the storage medium may be
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integral to the processor. Further, in some aspects, the processor and the storage
medium may reside 1in an ASIC. Additionally, the ASIC may reside 1n a user terminal.
In the alternative, the processor and the storage medium may reside as discrete
components 1n a user terminal. Additionally, 1n some aspects, the steps and/or actions
of a method or algorithm may reside as one or any combination or set of codes and/or
instructions on a machine readable medium and/or computer readable medium, which
may be incorporated 1nto a computer program product.

[0069] While the foregoing disclosure discusses illustrative aspects and/or
aspects, 1t should be noted that various changes and modifications could be made herein
without departing from the scope of the described aspects and/or aspects as defined by
the appended claims. Accordingly, the described aspects are intended to embrace all
such alterations, modifications and variations that fall within scope of the appended
claims. Furthermore, although clements of the described aspects and/or aspects may be
described or claimed 1n the singular, the plural 1s contemplated unless limitation to the
singular 1s explicitly stated. Additionally, all or a portion of any aspect and/or aspect
may be utilized with all or a portion of any other aspect and/or aspect, unless stated
otherwise.

[0070] To the extent that the term “includes” 1s used 1n either the detailed
description or the claims, such term 1s imntended to be mclusive in a manner similar to
the term “comprising” as “comprising’’ 1s interpreted when employed as a transitional
word 1n a claim. Furthermore, the term “or” as used in either the detailed description or
the claims 1s intended to mean an inclusive “or” rather than an exclusive “or”. That 1s,
unless specified otherwise, or clear from the context, the phrase “X employs A or B” 18
intended to mean any of the natural inclusive permutations. That 1s, the phrase “X
employs A or B” 1s satisfied by any of the following instances: X employs A; X
employs B; or X employs both A and B. In addition, the articles “a” and “an” as used 1n
this application and the appended claims should generally be construed to mean “one or
more” unless specified otherwise or clear from the context to be directed to a singular

form.
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CLAIMS:
L. ~ A method for wireless communication handoff, the method comprising:

transmitting, by a target cell,- a dedicated Random Access Channel (RACH)

preamble and cell information to a source cell;

~ recerving, at the target cell, a RACH communication from a user equipment

(UE) comprising the dedicated RACH preamble to start communication with the target cell;

and

transmitting, by the target cell, an uplink grant accompanying a handover
message 1n response to receiving the RACH communication, wherein transmitting the uplink
grant comprises allocating uplink resources based on a number of Packet Data Convergence
Protocol (PDCP) Protocol Data Units (PDUs) for one or more configured Data Radio Bearers
(DRBs) in a PDCP queue to allow for recetving a PDCP status message for the one or more
configured DRBs and a Buffer Status Report (BSR).

2. The method of claim 1, further comprising receiving a Packet Data

Convergence Protocol (PDCP) status message and a Buffer Status Report (BSR) on the

allocated uplink resources.

3. -~ The method of claim 2, further comprising sending service data units (SDUs)

based, at least in part, on the PDCP status message to reduce sending duplicate SDUs.

4, The method of claim 1, further comprising transmitting a Radio Link Control

(RLC) status message in same Transmitter Time Interval (TTI) as the handover message.

5. The method of claim 1, further comprising receiving a request to start handoff

negotiation prior to transmitting the dedicated Random Access Channel (RACH) preamble.

6. The method of claim 1, wherein the number of PDCP PDUs for the one or
more DRBs 1s based on a number of PDCP PDUs 1in a PDCP queue of the target cell.
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7. ' The method of claim 1, wherein the number of PDCP PDUs for the one or
more DRBs 1s based on a number of PDCP PDUs forwarded to the target cell from the source
cell.
8. ~ An apparatus for wireless communication handoif, the apparatus comprising:

- means for transmitting a dedicated Random Access Channel (RACH) preambie

and cell information;

means for receiving a RACH communication from a user equipment (UE)

comprising a dedicated preamble to start communication with the apparatus; and

" means for transmitting an uplink grant accompanying a handover message in
response to receiving the RACH communication, wherein the means for transmitting the
uplink grant comprises means for allocating uplink resources based on a number ot Packet
Data Convergence Protocol (PDCP) Protocol Data Units (PDUs) for one or more configured
Data Radio Bearers (DRBs) in a PDCP queue to allow for receiving a PDCP status message
for the one or more configured DRBs and a Buffer Status Report (BSR).

0. The apparatus of claim 8, further comprising means for receiving a Packet Data
Convergence Protocol (PDCP) status message and a Buffer Status Report (BSR) on the

allocated uplink resources.

10. The apparatus of claim 9, further comprising means for sending a service data
units (SDUs) based, at least in part, on the PDCP status message to reduce sending duplicate
SDUs.

11. " The apparatus of claim 8, further comprising means for transmitting a Radio

Link Control (RLC) status message in same Transmitter Time Interval (TTI) as the handover

message.

12. The apparatus of claim 8, further comprising means for receiving a request to
start handoff negotiation prior to transmitting the dedicated Random Access Channel (RACH)

preamble.
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13. The apparatus of claim 8, wherein the number of PDCP PDUs for the one or
more DRBs is based on a number of PDCP PDUs in a PDCP queue of the apparatus.

14. -~ The apparatus of claim 8, wherein the number of PDCP PDUs for the one or
more DRBs is based on a number of PDCP PDUs forwarded to the apparatus from a source
cell.
15. An apparatus for wireless communication handoff, the apparatus comprising:
at least one processor configured to
transmit a dedicated Random Access Channel (RACH) preamble and cell
information;

receive a RACH communication from a user equipment (UE) comprising a

dedicated preamble to start communication with the apparatus; and

- transmit at least one of a handover message or an uplink grant in response to
receiving the RACH, wherein the processor configured to allocate uplink resources based on a
number of Packet Data Convergence Protocol (PDCP) Protocol Data Units (PDUs) for one or
more configured Data Radio Bearers (DRBs) in a PDCP queue to allow for receiving a PDCP
status message for the one or more configured DRBs and a Buffer Status Report (BSR).

16. The apparatus of claim 15, further comprising the processor configured to
receive a Packet Data Convergence Protocol (PDCP) status message and a Bufter Status

Report (BSR) on the allocated uplink resources.

17. The apparatus of claim 15, wherein the number of PDCP PDUs for the one or
more DRBs is based on a number of PDCP PDUs in a PDCP queue of the apparatus.

18. - The apparatus of claim 15, wherein the number of PDCP PDUSs for the one or
more DRBs is based on a number of PDCP PDUs forwarded to the apparatus from a source

cell.

19. A computer program product, comprising:
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a non-transitory computer-readable medium having recorded thereon

instructions for execution by a processor, the instructions comprising:

code for transmitting a dedicated Random Access Channel (RACH) preamble

and cell information;

code for receiving a RACH communication from a user equipment (UE)

comprising a dedicated preamble to start communication with the apparatus; and

- code for transmitting at least one of a handover message or an uplink grant in
response to receiving the RACH, wherein code for transmitting the uplink grant comprises
allocating uplink resources based on a number of Packet Data Convergence Protocol (PDCP)
Protocol Data Units (PDUs) for one or more configured Data Radio Bearers (DRBs) in a

PDCP queue to allow for receiving a PDCP status message for the one or more configured

DRBs and a Buffer Status Report (BSR).

20. - The computer program product of claim 19, further comprising code for
recerving a Packet Data Convergence Protocol (PDCP) status message and a Buffer Status

Report (BSR) on the allocated uplink resources.

21. A method for wireless communication handoff, the method comprising:
recerving target cell information to start handover negotiations;
Initiating communication with a target cell using the target cell information;

receiving an uplink grant accompanying a handover message from the target
cell, wherein the uplink grant comprises an allocation of uplink resources based on a number
of Packet Data Convergence Protocol (PDCP) Protocol Data Units (PDUSs) for one or more
configured Data Radio Bearers (DRBs) in a PDCP queue to allow for transmitting a PDCP

status message for the one or more configured DRBs and a Buffer Status Report (BSR); and
using the received information to approximate status reporting.

22. The method of claim 21, further comprising;:
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~ transmitting a Packet Data Convergence Protocol (PDCP) status message and

the Bufter Status Report (BSR) on the allocated uplink resources; and

receiving a service data units (SDUs) on a downlink, the SDUs based, at least

in part, on the PDCP status message.

23. The method of claim 21, wherein initiating communication Comprises
transmitting a dedicated preamble on a Random Access Channel (RACH) to start

communication with the target cell.

24. The method of claim 21, further comprising transmitting one or more messages

to complete the handover.

23. The method of claim 24, wherein transmitting one or more messages Comprises

transmitting a Packet Data Convergence Protocol (PDCP) status message and a Buffer Status
Report (BSR).

26. An apparatus for wireless communication handoff, the apparatus comprising:
- means for receiving target cell information to start handover negotiations;

- means for initiating communication with a target cell using the target cell

information;

means for receiving an uplink grant accompanying a handover message from
the target cell, wherein the uplink grant comprises an allocation of uplink resources based on a
number of Packet Data Convergence Protocol (PDCP) Protocol Data Units (PDUs) for one or
more configured Data Radio Bearers (DRBs) in a PDCP queue to allow for transmitting a

PDCP status message for the one or more configured DRBs and a Buttfer Status Report
(BSR); and

means for using the received information to approximate status reporting.

27. A computer program product, comprising:
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a non-transitory computer-readable medium having recorded thereon

Instructions for execution by a processor, the instructions comprising:

code receiving target cell information to start handover negotiations;

code for mitiating communication with target cell using the target cell

information;

code for recerving an uplink grant accompanying a handover message, wherein
the uplink grant comprises allocating uplink resources based on a number of Packet Data
Convergence Protocol (PDCP) Protocol Data Units (PDUs) for one or more configured Data
Radio Bearers (DRBs) in a PDCP queue to allow for transmitting a PDCP status message for
the one or more configured DRBs and a Buffer Status Report (BSR); and

code for using the received information to approximate status reporting.
28. An apparatus for wireless communication handoff, the apparatus comprising:

at least one processor configured to receive target cell information to start

handover negotiations;

initiate communication with a target cell using the target cell information;

receive at least one of a handover message comprising a Radio Link Control
(RLC) status report or an uplink grant, wherein the uplink grant comprises allocating uplink
resources of based on a number of Packet Data Convergence Protocol (PDCP) Protocol Data
Units (PDUs) for one or more configured Data Radio Bearers (DRBs) to allow for

transmitting a PDCP status message for the one or more configured DRBs and a Buffer Status

Report (BSR); and

use the received information to approximate status reporting.
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