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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Pro-
visional Patent application Serial No. 60/955,607 entitled
"METHOD AND APPARATUS FOR OPTIMIZING IN-
ORDER DELIVERY OF UPLINK PACKETS DURING
HANDOFF IN COMMUNICATION SYSTEMS" which
was filed August 13, 2007.

BACKGROUND
I. Field

[0002] The following description relates generally to
wireless communications, and more particularly to deliv-
ering sequenced service data units (SDU) to wireless
communication devices.

Il. Background

[0003] Wireless communication systems are widely
deployed to provide various types of communication con-
tent such as, for example, voice, data, and so on. Typical
wireless communication systems may be multiple-ac-
cess systems capable of supporting communication with
multiple users by sharing available system resources
(e.g., bandwidth, transmit power, ...). Examples of such
multiple-access systems may include code division mul-
tiple access (CDMA) systems, time division multiple ac-
cess (TDMA) systems, frequency division multiple ac-
cess (FDMA) systems, orthogonal frequency division
multiple access (OFDMA) systems, and the like. Addi-
tionally, the systems can conform to specifications such
as third generation partnership project (3GPP), 3GPP
long term evolution (LTE), ultra mobile broadband
(UMB), efc.

[0004] Generally, wireless multiple-access communi-
cation systems may simultaneously support communi-
cation for multiple mobile devices. Each mobile device
may communicate with one or more base stations via
transmissions on forward and reverse links. The forward
link (or downlink) refers to the communication link from
base stations to mobile devices, and the reverse link (or
uplink) refers to the communication link from mobile de-
vicesto base stations. Further, communications between
mobile devices and base stations may be established via
single-input single-output (SISO) systems, multiple-input
single-output (MISO) systems, multiple-input multiple-
output (MIMO) systems, and so forth. In addition, mobile
devices can communicate with other mobile devices
(and/or base stations with other base stations) in peer-
to-peer wireless network configurations.

[0005] MIMO systems commonly employ multiple (Ny)
transmit antennas and multiple (Ng) receive antennas
for data transmission. The antennas can relate to both
base stations and mobile devices, in one example, al-
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lowing bi-directional communication between the devic-
es on the wireless network. Mobile devices can travel
about one or more wireless network service areas. To
facilitate service access while moving, mobile devices
can handover communications from one base station to
another when moving within a specificrange of the target
base station. Further, the hand over may be initiated by
the network or by the mobile terminal. The handover may
also occur in order to support mobility of users in the
wireless system, or to provide balancing of load, or to
facilitate various reconfigurations of the connection or to
facilitate handling of unforeseeable error cases. Addition-
ally, mobile devices can employ re-transmission
schemes, such as hybrid automatic repeat request
(HARQ), to replicate delivery of data ensuring a higher
probability of successful receipt.

[0006] In this regard, data packets can be delivered
from a mobile device to a base station out-of-order, as a
HARQ process re-transmits unsuccessful packets while
it also continues to transmit new packets. Data packets
can be re-ordered by an appropriate protocol following
potentially unordered delivery. However, when commu-
nications are handed over from a source to a target base
station, the sequencing of the packets by the appropriate
protocol is facilitated at the target base station by provid-
ing information to the target base station about the se-
quence number of the first packet to expect.

[0007] Document US 2007/0167163 A1 relates to re-
ceiver status message management during handoff.
Generation of receiver status message before, during,
and after handoff of an access terminal from a first trans-
ceiver module to a second transceiver module is de-
scribed. A network module can generate receiver status
messages during a handoff and informs a target trans-
ceiver module of when it can begin to generate receiver
status messages for data received from an access ter-
minal.

[0008] Document "AIRMAIL: A link-layer protocol for
wireless networks, ISSN: 1022-0038" describes the de-
sign and performance of a link-layer protocol for wireless
networks. The protocol is asymmetric to reduce the
processing load at the mobile, reliability is established
by a combination of automatic repeat request and for-
ward error correction.

[0009] Document US 2007/0153742 A1 discloses a
method for handing over a mobile device from a source
to a target base station. A plurality of service data units
are segmented, in the source base station, at a medium
access control layer. The segments produced by the seg-
mentation are transmitted, after which a handover com-
mand is issued to a user device. The segmentation can
alternatively be performed at the user device.

[0010] Document "Handover in a virtual cellular net-
work, ISBN: 978-0-7803-5435-7" relates to a wireless
cellular network wherein a single mobile station can be
in simultaneous communication with more thanone Base
Station and presents the implementation of a handover
protocol.
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[0011] The document "Tdoc R2-072559", relating to
the 3GPP meeting TSG-RAN WG2 #58-bis in Orlando,
US, 25-29 June, 2007, is directed to Status reporting at
Inter eNB mobility. Concerning uplink supportitdiscloses
that after handover, it shall be possible to report the re-
ceiver state in the Source eNB to the Target eNB. It shall
be possible for the Target eNB to report this receiver
state to the UE.

[0012] More specifically, this document proposes, in
order to avoid unnecessary UP interruption for Status
exchange in the Source, to avoid delivery of duplicates
to EPC (Evolved Packet Core), and to support selective
re-transmissions to the Target, that the UL user-plane
handling at handover shall be amended with a receiver
status exchange from Source eNB to Target eNB. Fur-
ther, based on this report, it should be possible to relay
this status information to the UE.

[0013] Forexample, a Source eNB would report its re-
ception and delivery of PDCP SDUs up to and including
to an SDU number 5. Already without relaying of this
information to the UE, it is then possible for the Target
eNB to detect and discard duplicates. However, by for-
warding this information further to the UE, it is possible
to prevent excessive duplicate transmissions over the air.
[0014] In addition, this document notes that at the
RAN2 #58 meeting in Kobe, it was agreed that the Source
eNB shall deliver PDCP SDUs received in-sequence to
the EPC. PDCP SDUs received out-of-sequence shall
be forwarded, together with their associated SN, to the
Target eNB for re-ordering.

SUMMARY

[0015] The invention is defined by the independent
claims.

[0016] To accomplish the foregoing and related ends,

the one or more embodiments 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 of
the one or more embodiments. These aspects are indic-
ative, however, of but a few of the various ways in which
the principles of various embodiments may be employed
and the described embodiments are intended to include
all such aspects and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017]

FIG. 1 is an illustration of a wireless communication
system in accordance with various aspects set forth
herein.

FIG. 2 is an illustration of an example communica-
tions apparatus for employment within a wireless
communications environment.

FIG. 3 is an illustration of an example wireless com-
munications system that effectuates in-order
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processing of service data units (SDU) during hando-
ver.

FIG. 4 is an illustration of an example wireless com-
munication system that displays sample message
passing to process SDUs in-order during handover.
FIG. 5 is an illustration of an example methodology
that facilitates determining SDUs that are to be re-
transmitted by a mobile device.

FIG. 6 is an illustration of an example methodology
that facilitates transmitting data to a target base sta-
tion on handover indicating the last SDU received
in-order.

FIG. 7 is an illustration of an example mobile device
that facilitates transmitting an index of the last SDU
received in-order.

FIG. 8 is an illustration of an example system that
determines the last SDU received in-order for
processing of the SDUs.

FIG. 9 is an illustration of an example wireless net-
work environment that can be employed in conjunc-
tionwith the various systems and methods described
herein.

FIG. 10 is an illustration of an example system that
determines one or more missing SDUs upon com-
munication handover.

FIG. 11 is an illustration of an example system that
transmits data related to one or more SDUs in a re-
transmit queue for in-order processing upon hando-
ver.

DETAILED DESCRIPTION

[0018] Various embodiments are now described with
reference to the drawings, wherein like reference numer-
als are used to refer to like elements throughout. In the
following description, for purposes of explanation, nu-
merous specific details are set forth in-order to provide
a thorough understanding of one or more embodiments.
It may be evident, however, that such embodiment(s)
can be practiced without these specific details. In other
instances, well-known structures and devices are shown
in block diagram form in-order to facilitate describing one
or more embodiments.

[0019] As used in this application, the terms "compo-
nent," "module," "system," and the like are intended to
refer to a computer-related entity, either hardware,
firmware, a combination of hardware and software, soft-
ware, or software in execution. For example, a compo-
nent can be, but is not limited to being, a process running
on a processor, a processor, an object, an executable,
athread of execution, a program, and/or a computer. By
way of illustration, both an application running on a com-
puting device and the computing device can be a com-
ponent. One or more components can reside within a
process and/or thread of execution and a component can
be localized on one computer and/or distributed between
two or more computers. In addition, these components
can execute from various computer readable media hav-
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ing various data structures stored thereon. The compo-
nents can communicate by way of local and/or remote
processes such as in accordance with a signal having
oneor more data packets (e.g., datafrom one component
interacting with another component in a local system,
distributed system, and/or across a network such as the
Internet with other systems by way of the signal).
[0020] Furthermore, various embodiments are de-
scribed herein in connection with a mobile device. A mo-
bile device can also be called a system, subscriber unit,
subscriber station, mobile station, mobile, remote station,
remote terminal, access terminal, user terminal, terminal,
wireless communication device, user agent, user device,
or user equipment (UE). A mobile device can be a cellular
telephone, a cordless telephone, a Session Initiation Pro-
tocol (SIP) phone, a wireless local loop (WLL) station, a
personal digital assistant (PDA), a handheld device hav-
ing wireless connection capability, computing device, or
other processing device connected to a wireless modem.
Moreover, various embodiments are described herein in
connection with a base station. A base station can be
utilized for communicating with mobile device(s) and can
also be referred to as an access point, Node B, evolved
Node B (eNode B or eNB), base transceiver station
(BTS), home NodeB, home evolved Node B, wireless
router or some other terminology.

[0021] Moreover, various aspects or features de-
scribed herein can be implemented as a method, appa-
ratus, or article of manufacture using standard program-
ming and/or engineering techniques. The term "article of
manufacture" as used herein is intended to encompass
acomputer program accessible from any computer-read-
able device, carrier, or media. For example, computer-
readable media can include but are not limited to mag-
netic storage devices (e.g., hard disk, floppy disk, mag-
netic strips, efc.), optical disks (e.g., compact disk (CD),
digital versatile disk (DVD), efc.), smart cards, and flash
memory devices (e.g., EPROM, card, stick, key drive,
etc.). Additionally, various storage media described here-
in can represent one or more devices and/or other ma-
chine-readable media for storing information. The term
"machine-readable medium" can include, without being
limited to, wireless channels and various other media ca-
pable of storing, containing, and/or carrying instruction(s)
and/or data.

[0022] The techniques described herein may be used
for various wireless communication systems such as
code division multiple access (CDMA), time division mul-
tiple access (TDMA), frequency division multiple access
(FDMA), orthogonal frequency division multiple access
(OFDMA), single carrier frequency domain multiplexing
(SC-FDMA) and other systems. The terms "system" and
"network" are often used interchangeably. A CDMA sys-
tem may implement a radio technology such as Universal
Terrestrial Radio Access (UTRA), CDMA2000, eftc.
UTRA includes Wideband-CDMA (W-CDMA) and other
variants of CDMA. CDMA2000 covers 1S-2000, 1S-95
and 1S-856 standards. A TDMA system may implement
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a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA system may imple-
ment a radio technology such as Evolved UTRA (E-
UTRA), Ultra Mobile Broadband (UMB), IEEE 802.11
(Wi-Fi), IEEE 802.16 (WIMAX), IEEE 802.20, Flash-
OFDM, etfc. UTRA and E-UTRA are part of Universal
Mobile Telecommunication System (UMTS). 3GPP Long
Term Evolution (LTE) is an upcoming release 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 organiza-
tion named "3rd Generation Partnership Project” (3GPP).
CDMA2000 and UMB are described in documents from
an organization named "3rd Generation Partnership
Project 2" (3GPP2).

[0023] Referring now to Fig. 1, a wireless communica-
tion system 100 is illustrated in accordance with various
embodiments presented herein. System 100 comprises
a base station 102 that can include multiple antenna
groups. For example, one antenna group can include an-
tennas 104 and 106, another group can comprise anten-
nas 108 and 110, and an additional group can include
antennas 112 and 114. Two antennas are illustrated for
each antenna group; however, more or fewer antennas
can be utilized for each group. Base station 102 can ad-
ditionally include a transmitter chain and areceiver chain,
each of which can in turn comprise a plurality of compo-
nents associated with signal transmission and reception
(e.g., processors, modulators, multiplexers, demodula-
tors, demultiplexers, antennas, etc.), as will be appreci-
ated by one skilled in the art.

[0024] Base station 102 can communicate with one or
more mobile devices such as mobile device 116 and mo-
bile device 122; however, itis to be appreciated that base
station 102 can communicate with substantially any
number of mobile devices similar to mobile devices 116
and 122. Mobile devices 116 and 122 can be, for exam-
ple, cellular phones, smart phones, laptops, handheld
communication devices, handheld computing devices,
satellite radios, global positioning systems, PDAs, and/or
any other suitable device for communicating over wire-
less communication system 100. As depicted, mobile de-
vice 116 is in communication with antennas 112 and 114,
where antennas 112 and 114 transmit information to mo-
bile device 116 over a forward link 118 and receive in-
formation from mobile device 116 over areverse link 120.
Moreover, mobile device 122 is in communication with
antennas 104 and 106, where antennas 104 and 106
transmit information to mobile device 122 over a forward
link 124 and receive information from mobile device 122
over a reverse link 126. In a frequency division duplex
(FDD) system, forward link 118 can utilize a different fre-
quency band than that used by reverse link 120, and
forward link 124 can employ a different frequency band
than that employed by reverse link 126, for example. Fur-
ther, in a time division duplex (TDD) system, forward link
118 andreverse link 120 can utilize a common frequency
band and forward link 124 and reverse link 126 can utilize
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a common frequency band.

[0025] Each group of antennas and/or the area in
which they are designated to communicate can be re-
ferred to as a sector of base station 102. For example,
antenna groups can be designed to communicate to mo-
bile devices in a sector of the areas covered by base
station 102. In communication over forward links 118 and
124, the transmitting antennas of base station 102 can
utilize beamforming to improve signal-to-noise ratio of
forward links 118 and 124 for mobile devices 116 and
122. Also, while base station 102 utilizes beamforming
to transmit to mobile devices 116 and 122 scattered ran-
domly through an associated coverage, mobile devices
in neighboring cells can be subject to less interference
as compared to a base station transmitting through a
single antennato all its mobile devices. Moreover, mobile
devices 116 and 122 can communicate directly with one
another using a peer-to-peer or ad hoc technology as
depicted.

[0026] According to an example, system 100 can be a
multiple-input multiple-output (MIMO) communication
system. Further, system 100 can utilize substantially any
type of duplexing technique to divide communication
channels (e.g., forward link, reverse link) such as FDD,
TDD, and the like. In one example, the mobile devices
116/122 can communicate with the base station 102 us-
ing a re-transmission scheme, such as hybrid automatic
repeat request (HARQ), such that the mobile devices
116/122 can re-transmit service data units (SDU) that
are not successfully received by the base station 102.
For example, the base station 102 can transmit an ac-
knowledgement (ACK) and/or non-ACK to notify the mo-
bile device 116/122 of the receive status for the SDUs.
There-transmission scheme can, thus, re-transmit SDUs
after subsequently indexed SDUs are received by the
base station 102 where the base station 102 previously
responded to receiving the re-transmit SDUs with a non-
ACK. Inthisregard, when the correct SDUs are received
after possible re-transmission, the base station 102 can
order the SDUs according to a specified sequence
number.

[0027] Moreover, the mobile devices 116/122 can
communicate with the base station 102 while traveling in
a geographic region. Upon moving within a given prox-
imity of a target base station (not shown), mobile devices
116/122 can handover communication from the source
base station 102 to the target base station. In one exam-
ple, the source base station 102 can send a non-ACK in
response to SDU transmission by a mobile device 116
and/or 122, which can mark the SDU for retransmission.
Beforere-transmission, the mobile device 116 and/or 122
can transmit a subsequently indexed SDU to the base
station 102 that can be successfully received (e.g., the
source base station 102 transmits an ACK back to the
device). Further in this example, the mobile device 116
and/or 122 can initiate a handover to the target base sta-
tion, leaving an SDU in its re-transmission queue though
a subsequent SDU was received by the source base sta-
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tion 102.

[0028] In this example, the target base station can re-
ceive anindication of the last SDU received and delivered
in-order, which is the SDU before the one in the retrans-
mission queue in this example. Also, the target base sta-
tion can receive the subsequently received SDU from the
source base station 102. Thus, the target base station
can determine, based on the index and the first received
SDU, that an SDU is outstanding, and the target base
station can await re-transmission of the SDU by the mo-
bile device 116 and/or 122. It is to be appreciated that
the index of the last SDU received and delivered in-order
can be transmitted to the target base station by the source
base station 102 and/or the mobile device 116 and/or
122 upon handover, in one example.

[0029] Turning to Fig. 2, illustrated is a communica-
tions apparatus 200 for employment within a wireless
communications environment. The communications ap-
paratus 200 can be a base station or a portion thereof,
a mobile device or a portion thereof, or substantially any
communications apparatus that receives data transmit-
ted in awireless communications environment. The com-
munications apparatus 200 can include a last SDU index
determiner 202 that obtains the index or sequence
number of the last SDU received and delivered at the
communication protocol of a mobile device or base sta-
tion. The index may be determined at the time of a hando-
ver at apparatus 200. The communication protocol may
be, for example, the E-UTRAN Radio Link Protocol (RLC
as specified 3GPP TS 36.322) or E-UTRAN Packet Data
Convergence Protocol (PDCP as specified in TS 36.323)
or similar Internet Protocol adaptation layer. The com-
munications apparatus 200 also includes an SDU receiv-
er 204 that receives one or more SDUs from a mobile
device or base station used previously to handover to
the communications apparatus 200, as well as an SDU
reorderer 206 that arranges SDUs according to respec-
tive sequence numbers for decoding data in the SDUs.
[0030] According to an example, the communications
apparatus 200 can receive a handover request from a
disparate communications apparatus (e.g., a source
base station) to receive a communication from a mobile
device (not shown) currently communicating with a dis-
parate communications apparatus (not shown). Accord-
ing to another example, the communications apparatus
200 can acceptamobile device that autonomously hands
over to the apparatus. Subsequent to either of the afore-
mentioned events the communications apparatus 200
can also receive one or more SDUs transmitted by the
mobile device to the disparate communications appara-
tus that were not processed by the disparate communi-
cations apparatus because a prior SDU was not yet suc-
cessfully received. This prior SDU can be arranged for
re-transmission by the mobile device, in this example,
following the handover. Thus, the disparate communica-
tions apparatus will not receive re-transmission of the
prior SDU and can, thus, transmit its subsequent SDUs
to the communications apparatus 200 for processing.
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[0031] The SDU receiver 204 can receive the one or
more subsequent SDUs from the disparate communica-
tions apparatus. It will be appreciated that the mobile
device and/or another device can transmit the subse-
quent SDUs to the communications apparatus 200 as
well; moreover, the transmission can be in response to
arequest from the communications apparatus 200 in one
example. In an example, the communications apparatus
200 may request transmission of only the missing SDUs
from the mobile terminal based on the index of the last
SDU received in sequence (or the index of the first miss-
ing SDU) as well as the one or more SDUs received out-
of-sequence from the source base station. The commu-
nications apparatus 200 can compare the index obtained
by the last SDU index determiner 202 to the one or more
subsequent SDUs received by the SDU receiver 204 to
determine whether the one or more subsequent SDUs
received can be delivered to upper layers immediately
or if there are one or more preceding SDUs in the re-
transmission or HARQ queue of the mobile device. This
can be determined where sequence numbers are miss-
ing between the index and first subsequent SDU re-
ceived. If such a discrepancy exists, the communications
apparatus 200 can await the mobile device to re-transmit
the prior SDU. Once the prior SDU(s) is/are transmitted
by the mobile device to the communications apparatus
200 (or once a wait timer has expired in one example)
such that the communications apparatus 200 has re-
ceived sequenced SDUs, the SDU reorderer 206 can
order the SDUs according to sequence allowing the com-
munications apparatus 200 to deliver the SDUs to the
upper layer in sequence and without gaps in the se-
quence. If the wait timer expires, the communications
apparatus 200 may deliver in sequence but with gaps.
[0032] Now referring to Fig. 3, illustrated is a wireless
communications system 300 that can sequence SDUs
received and delivered out-of-order in wireless commu-
nication system, for instance, as may happen during a
handover or reestablishment of the lower protocol layers,
or terminal initiated mobility such as forward handover
or radio link failure recovery or handover failure recovery.
Each wireless device 302 and 304 can be a base station,
mobile device, or portion thereof. In one example, wire-
less device 302 can transmit information to wireless de-
vice 304 over a forward link or downlink channel; further
wireless device 302 can receive information from wire-
less device 304 over a reverse link or uplink channel.
Moreover, system 300 can be a MIMO system, and the
wireless devices 302 and 304 can communicate on a
radio link control (RLC) layer that transforms service data
into protocol data for transmission over a protocol layer,
such as PDCP. Also, the components and functionalities
shown and described below in the wireless device 302
can be present in the wireless device 304 as well and
vice versa, in one example; the configuration depicted
excludes these components for ease of explanation.
[0033] Wireless device 302 includes an SDU receiver
306 that can receive SDUs from wireless device 304
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and/or other wireless devices (not shown), an SDU re-
orderer 308 that can sequentially arrange SDUs received
out of sequence, and an SDU wait timer 310 that can
specify an amount of time to await re-transmission of
SDUs not received by the wireless device 304 while in
communication with a previous wireless device for which
a handover command is received. Wireless device 304
can include a last SDU index determiner 312 that can
obtain the index of a last SDU received and delivered in-
order prior to a handover from the wireless device 304
to the wireless device 302 as well as an SDU transmitter
314 that can transmit SDUs received by the wireless de-
vice 304 for which one or more prior indexed SDUs were
not successfully received by the wireless device 304. The
SDU transmitter 314 is capable of forwarding SDUs over
a network interface such as, for example, the aforemen-
tioned X2 interface or S1 interface. It will be appreciated
that the transmitted SDUs can be stored at the wireless
device 304 (e.g., in a buffer) while awaiting a re-trans-
mission of a missing sequence numbered SDU. Addi-
tionally, itwillbe appreciated that missing sequence num-
bered SDUs need not be the result of failed transmission;
rather, in one example, parallel transmission using mul-
tiple antennas, or multiple HARQ processes, can be uti-
lized where SDUs can be received out of sequence due
to independent transmission.

[0034] According to an example, the wireless device
304 can communicate with a mobile device (not shown)
providing wireless access services thereto. The mobile
device can communicate with the wireless device 304
using HARQ, ARQ or other retransmission scheme such
that SDUs can be re-transmitted to the wireless device
304 following subsequently indexed SDUs to promote
successful delivery of the SDUs. In one example, the
mobile device can request a handover to the wireless
device 302, or the wireless device 304 can request a
handover on behalf of the mobile device where one or
more SDUs are in the re-transmit queue of the mobile
device. Following the handover request, the wireless de-
vice 302 can begin receiving SDUs from the mobile de-
vice.

[0035] In this case, however, where there is an out-
standing SDU to be re-transmitted by the mobile device,
the last SDU index determiner 312 can transmit the index
of the last SDU received and delivered in-order to the
wireless device 302. Additionally, where the mobile de-
vice has transmitted additional SDUs indexed subse-
quent to the SDU to be re-transmitted, the SDU trans-
mitter 314 can transmit the SDUs to the wireless device
302, which can receive the SDUs from a network inter-
face via SDU receiver 306. The mobile device can be
informed by SDU receiver 306 about a missing SDU in
need of retransmission based on the index of the last
SDU received and the additional SDUs indexed subse-
quent to the SDU to be re-transmitted. When not in-
formed, the mobile can retransmit all SDUs starting from
the last known received in sequence by wireless device
304. As there is an outstanding SDU in the re-transmit
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queue of the mobile device in this example, the SDU wait
timer 310 can be set to establish a time at which the
wireless device 302 can determine the re-transmit has
timed out or that the wireless device 302 otherwise does
not expect to receive the retransmit SDU.

[0036] Oncethe wirelessdevice 302receives the SDU
or the SDU wait timer 310 expires, for example, the SDU
reorderer 308 can arrange the SDUs sequentially to in-
terpret data within one or more SDUs and deliver an or-
dered stream of packets to the upper layer, such as the
internet protocol (IP). In one example, the wireless device
302 can be an base station in a wireless communications
network, and the wireless device 304 can be a disparate
base station to which communication with a mobile de-
vice is handed over. In another example, the wireless
device 304 can be a mobile device handing over com-
munication from a base station to the wireless device
302. Thus, the mobile device can transmit the index to
the wireless device 302 via the last SDU index determiner
312 as well as subsequent SDUs via the SDU transmitter
314, in one example.

[0037] Turning now to Fig. 4, illustrated is an example
wireless communications network 400 that facilitates in-
orderdelivery of SDUs in wireless communication hando-
ver. A mobile device 402 is provided that communicates
SDUs over a protocol layer (which can use a RLC or a
PDCP, for example) to one or more base stations 406
and/or 412. In the example depicted, the mobile device
402 can communicate sequenced SDUs a, b, and c to
base station 406. However, base station 406 receives
only a and ¢ successfully and transmits a negative-ACK
for b, where the negative receipt is indicated by the X.
As described, mobile device 402 can utilize a retrans-
mission scheme, such that b can be stored in a transmit
buffer 404 of the mobile device 402 for subsequent re-
transmission. The base station 406 upon successfully
receiving a and ¢ can store a in an uplink receive buffer
410 or otherwise process SDU a. However, the base sta-
tion 406 waits for b before processing ¢, and thus stores
c in a receive buffer 408.

[0038] Accordingto this example, before SDU b is suc-
cessfully received by base station 406 via re-transmis-
sion from mobile device 402, a handover of mobile device
402 communication from base station 406 to base station
412 occurs. As indicated, this can result when mobile
device 402 comes within a specified proximity of base
station 412 additional services offered by the base sta-
tion, re-selection by mobile terminal and/or the like. Since
mobile device 402 now communicates with base station
412, the re-transmission of SDU b will go to base station
412 since base station 406 no longer processes SDUs
from the mobile device 402. However, if base station 412
immediately begins processing SDUs from mobile device
402, it may receive re-transmitted SDUs out-of-order,
and the resulting SDUs may never be processed. Thus,
the mobile device 402 and/or base station 406 can de-
termine the index of the last SDU received and delivered
in-order, which is a in this case. In addition, base station
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406 may also indicate with appropriate signaling that se-
quence numbers up to and including ’a’ are received, and
additionally that’c’ is also received to facilitate the mobile
terminal decision to retransmit only ’b’, and then proceed
with transmission of 'd’.

[0039] Once determined, the index can be transmitted
to the base station 412 along with subsequently received
SDUs, which includes SDU c in this example. The base
station 412 can utilize this to determine that between the
index of SDU aand SDU ¢, SDU b has notbeenreceived.
Thus, base station 412 can await SDU b to be re-trans-
mitted from the mobile device 402. As shown, the mobile
device 402 transmits SDU b along with a new SDU d to
the base station 412. Upon receiving SDU b, the base
station 412 can order and process the SDUs b and c as
well as newly acquired SDU d. In addition, as indicated
by the arrow from base station 412 to base mobile device
402, base station 412 may indicate with appropriate sig-
naling that at least sequence numbers ’a’ and ’c’ are re-
ceived. Thus, in-order delivery and processing of SDUs
during handover of communication is achieved as shown
above.

[0040] Referring to Figs. 5-6, methodologies relating
to in-order processing of SDUs during wireless commu-
nication handover are illustrated. While, for purposes of
simplicity of explanation, the methodologies are shown
and described as a series of acts, it is to be understood
and appreciated that the methodologies are not limited
by the order of acts, as some acts may, in accordance
with one or more embodiments, occur in different orders
and/or concurrently with other acts from that shown and
described herein. For example, those skilled in the art
will understand and appreciate that a methodology could
alternatively be represented as a series of interrelated
states or events, such as in a state diagram. Moreover,
not all illustrated acts may be required to implement a
methodology in accordance with one or more embodi-
ments.

[0041] Turning to Fig. 5, a methodology 500 that facil-
itates ordered processing of SDUs in wireless commu-
nication handover is displayed. At 502, an index for the
last SDU received in-order is received. In one example,
this can be received from a source base station in re-
sponse to a handover command. The index identifies the
last SDU received from a mobile device where the mobile
device has an outstanding SDU in its re-transmit queue,
for example. At 504, one or more missing SDUs are de-
termined based atleastin partontheindex. As described,
subsequent SDUs can be received; thus, missing SDUs
can be determined by evaluating the received index
along with indices of the subsequent SDUs received.
[0042] At 506, waiting occurs for delivery of the one or
more missing SDUs. In one example, since the missing
SDUs are identified, waiting can occur until the mobile
device transmits the missing SDUs from its re-transmit
queue. In another example, a timer can be utilized in the
waiting such that upon expiration, received SDUs can be
ordered and processed without having received the miss-
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ing SDUs. At 508, if the missing SDUs are delivered, the
SDUs are ordered and processed with the missing SDUs,
as soon as they become available. In this regard, data
included in the SDUs can be delivered to upper layers
in-order, for example.

[0043] Turning to Fig. 6, illustrated is a methodology
600 that transmits information during wireless device
communication handover to facilitate in-order processing
of SDUs. At 602, a handover indication is received; this
can be from a mobile device or base station and can be
inresponse to a mobile device moving about a geograph-
ic region, for example. At 604, the last SDU received in-
order from the mobile device is determined. Forexample,
a negative-ACK can be transmitted for a received SDU
such that the immediately preceding SDU that is suc-
cessfully received is determined to be the last SDU re-
ceived in-order. Alternatively, an ACK can be transmitted
for all SDUs preceding. At 606, the index of the last SDU
received in-order (or, alternatively, the index of first miss-
ing SDU) can be transmitted to a base station to facilitate
handover of mobile device communication as described
previously. In addition, at 608, subsequently received
SDU along with its sequence number can be transmitted
to the base station for handover as well. For example,
the SDUs can be deciphered and header-decom-
pressed.

[0044] It will be appreciated that, in accordance with
one or more aspects described herein, inferences can
be made regarding determining SDUs to be re-transmit-
ted during or following handover as described. As used
herein, the term to "infer" or "inference" refers generally
to the process of reasoning about or inferring states of
the system, environment, and/or user from a set of ob-
servations as captured via events and/or data. Inference
can be employed to identify a specific context or action,
or can generate a probability distribution over states, for
example. The inference can be probabilistic-that is, the
computation of a probability distribution over states of
interest based on a consideration of data and events.
Inference can also refer to techniques employed for com-
posing higher-level events from a set of events and/or
data. Such inference results in the construction of new
events or actions from a set of observed events and/or
stored event data, whether or not the events are corre-
lated in close temporal proximity, and whether the events
and data come from one or several event and data sourc-
es.

[0045] In one example, inferences can be made in de-
termining whether there are SDUs outstanding in a mo-
bile device re-transmit queue upon handing over com-
munications. For example, different heuristics can be uti-
lized in this regard, and the proper heuristics can be in-
ferred. Inone example, as described, sequence numbers
can be utilized to determine existence or non-existence
ofan SDU. Additionally or alternatively, a time stamp can
be similarly utilized in this regard. Also, SDUs can be
decoded to determine if a previous SDU is needed for
enhance or successful decoding in one example.
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[0046] Fig. 7 is an illustration of a device 700 that fa-
cilitates determining a last SDU index received in-order.
device 700 comprises a receiver 702 that receives a sig-
nal from, for instance, a receive antenna (not shown),
performs typical actions on (e.g., filters, amplifies, down-
converts, efc.) the received signal, and digitizes the con-
ditioned signal to obtain samples. Receiver 702 can com-
prise a demodulator 704 that can demodulate received
symbols and provide them to a processor 706 for channel
estimation. Processor 706 can be a processor dedicated
to analyzing information received by receiver 702 and/or
generating information for transmission by a transmitter
716, a processor that controls one or more components
of device 700, and/or a processor that both analyzes in-
formation received by receiver 702, generates informa-
tion for transmission by transmitter 716, and controls one
or more components of device 700.

[0047] Device 700 can additionally comprise memory
708 that is operatively coupled to processor 706 and that
can store data to be transmitted, received data, informa-
tion related to available channels, data associated with
analyzed signal and/or interference strength, information
related to an assigned channel, power, rate, or the like,
and any other suitable information for estimating a chan-
nel and communicating via the channel. Memory 708 can
additionally store protocols and/or algorithms associated
with estimating and/or utilizing a channel (e.g., perform-
ance based, capacity based, efc.).

[0048] It will be appreciated that the data store (e.g.,
memory 708) described herein can be either volatile
memory or nonvolatile memory, or can include both vol-
atile and nonvolatile memory. By way of illustration, and
not limitation, nonvolatile memory can include read only
memory (ROM), programmable ROM (PROM), electri-
cally programmable ROM (EPROM), electrically erasa-
ble PROM (EEPROM), or flash memory. Volatile memory
can include random access memory (RAM), which acts
as external cache memory. By way of illustration and not
limitation, RAM is available in many forms such as syn-
chronous RAM (SRAM), dynamic RAM (DRAM), syn-
chronous DRAM (SDRAM), double data rate SDRAM
(DDR SDRAM), enhanced SDRAM (ESDRAM), Synch-
link DRAM (SLDRAM), and direct Rambus RAM (DR-
RAM). The memory 708 of the subject systems and meth-
ods is intended to comprise, without being limited to,
these and any other suitable types of memory.

[0049] Processor 706 and/or receiver 702 can further
be operatively coupled to a last SDU index determiner
710 that can determine an index of an SDU successfully
received immediately prior to a non-acknowledged SDU.
The processor 706 can additionally be coupled to a re-
transmit processor 712 that can re-transmit SDUs which
are not successfully received at an base station (e.g., a
non-ACK isreceived from the base station). There-trans-
mit processor 712 can be a HARQ processor and/or the
like. According to an example, the last SDU index deter-
miner 710 can obtain the index of the last SDU received
in-order by evaluating a queue of the re-transmit proces-
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sor 712. If there is an SDU in the re-transmit processor
712 queue, the index of the last SDU received in-order
can be one index unit subtracted from the index of the
re-transmit SDU, for example. Device 700 may further
comprise a modulator 714 and transmitter 716 that re-
spectively modulate and transmit signal to, for instance,
a base station, another device, efc. Although depicted
as being separate from the processor 7086, it will be ap-
preciated that the last SDU index determiner 710, re-
transmit processor 712, demodulator 704, and/or mod-
ulator 714 can be part of the processor 706 or multiple
processors (not shown).

[0050] Fig. 8 is an illustration of a system 800 that fa-
cilitates ordering SDUs during wireless communication
handover using re-transmission. The system 800 com-
prises a base station 802 (e.g., access point, ...) with a
receiver 810 that receives signal(s) from one or more
mobile devices 804 through a plurality of receive anten-
nas 806, and a transmitter 824 that transmits to the one
or more mobile devices 804 through a transmit antenna
808. Receiver 810 can receive information from receive
antennas 806 and is operatively associated with a de-
modulator 812 that demodulates received information.
Demodulated symbols are analyzed by a processor 814
that can be similar to the processor described above with
regard to Fig. 7, and which is coupled to a memory 816
that stores information related to estimating a signal (e.g.,
pilot) strength and/or interference strength, data to be
transmitted to or received from mobile device(s) 804 (or
a disparate base station (not shown)), and/or any other
suitable information related to performing the various ac-
tions and functions set forth herein. Processor 814 is fur-
ther coupled to a SDU receiver 818 that receives SDUs
from disparate base stations as described above as well
as mobile device(s) 804 upon communication handover
to the base station. Processor 814 is further coupled to
a SDU reorderer 820 that can arrange received SDUs
from disparate base stations upon handover as well as
mobile devices during re-transmission.

[0051] According to an example, one or more mobile
devices 804 can handover communications to the base
station 802 from a source base station (not shown). Upon
handover, the mobile device(s) 804 can transmit SDUs
on an RLC layer to the base station 802, which can be
received by the SDU receiver818; however, asdescribed
herein, the mobile device(s) 804 can have re-transmit
SDUs in its queue from previous communication with the
source base station. In this regard, the mobile device(s)
804 and/or the source base station can transmit an index
for the last SDU received by the source base station in-
order (e.g., before the SDU in the re-transmit queue). In
addition, the source base station and/or mobile device(s)
804 can transmit subsequent SDUs to the base station
802. The SDU receiver 818 can receive the subsequent
SDUs as well as the index of the last SDU received in-
order.

[0052] The base station 802 can then determine one
or more SDUs missing between the sequence starting
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with the index and ending with the first subsequent SDU.
If SDUs are missing in this regard, the base station 802
can wait for the mobile device(s) 804 to re-transmit the
appropriate SDU, such as part of a HARQ retransmission
for example. In addition, the base station 802 can set a
timer for receiving the missing SDU and continue without
it if the timer expires. In either case, the SDU reorderer
820 can arrange the SDUs for processing thereof. Fur-
thermore, although depicted as being separate from the
processor 814, it is to be appreciated that the SDU re-
ceiver 818, SDU reorderer 820, demodulator 812, and/or
modulator 822 can be part of the processor 814 or mul-
tiple processors (not shown).

[0053] Fig. 9 shows an example wireless communica-
tion system 900. The wireless communication system
900 depicts one base station 910 and one mobile device
950 for sake of brevity. However, it is to be appreciated
that system 900 can include more than one base station
and/or more than one mobile device, wherein additional
base stations and/or mobile devices can be substantially
similar or different from example base station 910 and
mobile device 950 described below. In addition, it is to
be appreciated that base station 910 and/or mobile de-
vice 950 can employ the systems (Figs. 1-3 and 7-8),
configurations (Fig. 4), and/or methods (Figs. 5-6) de-
scribed herein to facilitate wireless communication there
between.

[0054] At base station 910, traffic data for a number of
data streams is provided from a data source 912 to a
transmit (TX) data processor 914. According to an ex-
ample, each data stream can be transmitted over a re-
spective antenna. TX data processor 914 formats, codes,
and interleaves the traffic data stream based on a par-
ticular coding scheme selected for that data stream to
provide coded data.

[0055] The coded data for each data stream can be
multiplexed with pilot data using orthogonal frequency
division multiplexing (OFDM) techniques. Additionally or
alternatively, the pilot symbols can be frequency division
multiplexed (FDM), time division multiplexed (TDM), or
code division multiplexed (CDM). The pilot data is typi-
cally a known data pattern that is processed in a known
manner and can be used atmobile device 950to estimate
channel response. The multiplexed pilot and coded data
for each data stream can be modulated (e.g., symbol
mapped) based on a particular modulation scheme (e.g.,
binary phase-shift keying (BPSK), quadrature phase-
shift keying (QPSK), M-phase-shift keying (M-PSK), M-
quadrature amplitude modulation (M-QAM), etc.) select-
ed for that data stream to provide modulation symbols.
The data rate, coding, and modulation for each data
stream can be determined by instructions performed or
provided by processor 930.

[0056] The modulation symbols for the data streams
can be provided to a TX MIMO processor 920, which can
further process the modulation symbols (e.g., for OFDM).
TX MIMO processor 920 then provides N modulation
symbol streams to Nytransmitters (TMTR) 922a through
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922t. In various embodiments, TX MIMO processor 920
applies beamforming weights to the symbols of the data
streams and to the antenna from which the symbol is
being transmitted.

[0057] Each transmitter 922 receives and processes a
respective symbol stream to provide one or more analog
signals, and further conditions (e.g., amplifies, filters, and
upconverts) the analog signals to provide a modulated
signal suitable for transmission over the MIMO channel.
Further, N; modulated signals from transmitters 922a
through 922t are transmitted from N; antennas 924a
through 924t, respectively.

[0058] At mobile device 950, the transmitted modulat-
ed signals are received by N antennas 952a through
952r and the received signal from each antenna 952 is
provided to a respective receiver (RCVR) 954a through
954r. Eachreceiver 954 conditions (e.g., filters, amplifies,
and downconverts) arespective signal, digitizes the con-
ditioned signal to provide samples, and further processes
the samples to provide a corresponding "received" sym-
bol stream.

[0059] An RX data processor 960 can receive and
process the N received symbol streams from Ngreceiv-
ers 954 based on a particular receiver processing tech-
nique to provide N1 "detected" symbol streams. RX data
processor 960 can demodulate, deinterleave, and de-
code each detected symbol stream to recover the traffic
data for the data stream. The processing by RX data
processor 960 is complementary to that performed by
TX MIMO processor 920 and TX data processor 914 at
base station 910.

[0060] A processor 970 can periodically determine
which precoding matrix to utilize as discussed above.
Further, processor 970 can formulate a reverse link mes-
sage comprising a matrix index portion and a rank value
portion.

[0061] Thereverse link message can comprise various
types of information regarding the communication link
and/or the received data stream. The reverse link mes-
sage can be processed by a TX data processor 938,
which also receives traffic data for a number of data
streams from a data source 936, modulated by a modu-
lator 980, conditioned by transmitters 954a through 954r,
and transmitted back to base station 910.

[0062] Atbase station 910, the modulated signals from
mobile device 950 are received by antennas 924, condi-
tioned by receivers 922, demodulated by a demodulator
940, and processed by a RX data processor 942 to ex-
tract the reverse link message transmitted by mobile de-
vice 950. Further, processor 930 can process the extract-
ed message to determine which precoding matrix to use
for determining the beamforming weights.

[0063] Processors 930 and 970 can direct (e.g., con-
trol, coordinate, manage, efc.) operation at base station
910 and mobile device 950, respectively. Respective
processors 930 and 970 can be associated with memory
932 and 972 that store program codes and data. Proc-
essors 930 and 970 can also perform computations to
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derive frequency and impulse response estimates for the
uplink and downlink, respectively.

[0064] Itisto be understood that the embodiments de-
scribed herein can be implemented in hardware, soft-
ware, firmware, middleware, microcode, or any combi-
nation thereof. For a hardware implementation, the
processing units can be implemented within one or more
application specific integrated circuits (ASICs), digital
signal processors (DSPs), digital signal processing de-
vices (DSPDs), programmable logic devices (PLDs),
field programmable gate arrays (FPGAs), processors,
controllers, micro-controllers, microprocessors, other
electronic units designed to perform the functions de-
scribed herein, or a combination thereof.

[0065] When the embodiments are implemented in
software, firmware, middleware or microcode, program
code or code segments, they can be stored in amachine-
readable medium, such as a storage component. A code
segment can represent a procedure, a function, a sub-
program, a program, a routine, a subroutine, a module,
a software package, a class, or any combination of in-
structions, data structures, or program statements. A
code segment can be coupled to another code segment
or a hardware circuit by passing and/or receiving infor-
mation, data, arguments, parameters, or memory con-
tents. Information, arguments, parameters, data, etc. can
be passed, forwarded, or transmitted using any suitable
means including memory sharing, message passing, to-
ken passing, network transmission, efc.

[0066] For a software implementation, the techniques
described herein can beimplemented with modules (e.g.,
procedures, functions, and so on) that perform the func-
tions described herein. The software codes can be stored
in memory units and executed by processors. The mem-
ory unit can be implemented within the processor or ex-
ternal to the processor, in which case it can be commu-
nicatively coupled to the processor via various means as
is known in the art.

[0067] Withreferenceto Fig. 10, illustrated is a system
1000 that determines SDUs to be re-transmitted by a
mobile device during wireless communication handover.
For example, system 1000 can reside at least partially
within a base station, mobile device, efc. It is to be ap-
preciated that system 1000 is represented as including
functional blocks, which can be functional blocks that rep-
resent functions implemented by a processor, software,
or combination thereof (e.g., firmware). System 1000 in-
cludes a logical grouping 1002 of electrical components
that can actin conjunction. Forinstance, logical grouping
1002 can include an electrical component for receiving
a sequence index of a last SDU received in-order at a
source base station 1004. For example, the index can
relate to the last successfully received SDU without in-
terruption (e.g., without requiring re-transmission), or the
index can be received by means of radio signaling. In
addition, this can occur during handover when a mobile
device can be in the middle of re-transmitting one or more
SDUs. Further, logical grouping 1002 can comprise an
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electrical component for determining one or more SDUs
to be re-transmitted by a related mobile device based at
least in part on the sequence index 1006. Thus, as de-
scribed, the index can relate to the last successfully re-
ceived and processed SDU in sequence; thus, the index
combined with subsequent SDUs transmitted to the sys-
tem 1000 can be utilized to determine missing SDUs set
for re-transmission in the mobile device. Additionally,
system 1000 can include a memory 1008 that retains
instructions for executing functions associated with elec-
trical components 1004 and 1006. While shown as being
external to memory 1008, it is to be understood that one
or more of electrical components 1004 and 1006 can
exist within memory 1008.

[0068] Turning to Fig. 11, illustrated is a system 1100
that transmits a sequence index of a last SDU received
in-order to facilitate sequential processing of SDUs in a
wireless communications network during handover. Sys-
tem 1100 canreside within a base station, mobile device,
etc., for instance. As depicted, system 1100 includes
functional blocks that canrepresentfunctionsimplement-
ed by a processor, software, or combination thereof (e.g.,
firmware). System 1100 includes a logical grouping 1102
of electrical components that facilitate transmitting rele-
vant information to a target system for handover. Logical
grouping 1102 can include an electrical component for
determining a sequence index of a last SDU received in-
order from a mobile device 1104. As described, this is
the last SDU received before a non-ACK is transmitted
to the mobile device. This can be subsequently used, as
described, to determine SDUs to be re-transmitted by
the mobile device. Moreover, logical grouping 1102 can
include an electrical component for transmitting the se-
quence index to a disparate wireless communications
apparatus in response to a handover indication related
to the mobiledevice 1106. Thus, uponreceiving arequest
for handover, the index can be determined to allow the
target system to determine which SDUs are to be expect-
ed from the mobile device. Additionally, system 1100 can
include a memory 1108 that retains instructions for exe-
cuting functions associated with electrical components
1104 and 1106. While shown as being external to mem-
ory 1108, itis to be understood that electrical components
1104 and 1106 can exist within memory 1108.

[0069] What has been described above includes ex-
amples of one or more embodiments. It is, of course, not
possible to describe every conceivable combination of
components or methodologies for purposes of describing
the aforementioned embodiments, but one of ordinary
skill in the art may recognize that many further combina-
tions and permutations of various embodiments are pos-
sible. Accordingly, the described embodiments are in-
tended to embrace all such alterations, modifications and
variations that fall within the scope of the appended
claims. Furthermore, to the extent that the term "includes”
is used in either the detailed description or the claims,
such term is intended to be inclusive in a manner similar
to the term "comprising" as "comprising" is interpreted
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when employed as a transitional word in a claim.

Claims

1.

A method of delivering data packets according to
sequence numbers during a handover of a mobile
device (402) from a second base station (406) to a
first base station (412), the method performed at the
first base station (412) in wireless communication
network (400), comprising:

receiving signaling related to a last service data
unit, SDU, received in-order at the second base
station (406), wherein the signaling related to
the last SDU received in-order comprises an in-
dex indicative of the last SDU received in-order
by the second base station;

obtaining one or more subsequent SDUs re-
ceived from the mobile device (402) at the sec-
ond base station (406); and

determining one or more missing SDUs num-
bered between the index indicative of the last
SDU received in-order and a highest index of
the one or more subsequent SDUs,

wherein the signaling related to the last SDU re-
ceived in-order and the one or more subsequent
SDUs are sent from the second base station (406)
to the first base station (412) as part of a handover
of the mobile device (402) from the second base sta-
tion (406) to the first base station (412).

The method of claim 1, further comprising awaiting
reception of the one or more missing SDUs and then
delivering ordered data packets to an upper layer.

The method of claim 2, wherein said awaiting recep-
tion is based at least in part on a wait timer.

The method of claim 1, further comprising receiving
the one or more missing SDUs as part of are-trans-
mission from the mobile device (402).

The method of claim 1, further comprising reordering
the one or more subsequent SDUs with the one or
more missing SDUs and interpreting data within the
one or more subsequent SDUs and the one or more
missing SDUs.

The method of claim 1, wherein the index indicative
of the last SDU packet received by the second base
station is an index of a first missing SDU among the
packets received by the second base station (406).

A wireless communications apparatus (412) that fa-
cilitates processing data packets in-order upon a
handover of a mobile device (402) from a second
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base station (406) to afirst base station (412) in wire-
less communications network (400), comprising:

means forreceiving at the first base station (412)
signaling related to a last service data unit, SDU,
received in-order at the second base station
(406), wherein the signaling related to the last
SDU received in-order comprises an index in-
dicative of the last SDU received in-order by the
second base station;

means for obtaining at the first base station (412)
one or more subsequent SDUs received from
the mobile device (402) at the second base sta-
tion (406); and

means for determining one or more missing
SDUs numbered between the index indicative
of the last SDU received in-order and a highest
index of the one or more subsequent SDUs,

wherein the signaling related to the last SDU re-
ceived in-order and the one or more subsequent
SDUs are sent from the second base station (406)
to the first base station (412) as part of a handover
of the mobile device (402) from the second base sta-
tion (406) to the first base station (412).

8. A computer program comprising executable instruc-
tions for causing at least one computer to perform a
method according to one of the claims 1 to 6 when
executed.

Patentanspriiche

1. Ein Verfahren zum Liefern von Datenpaketen ge-

mafl Sequenznummern wahrend eines Handovers
eines Mobilgerats (402) von einer zweiten Basissta-
tion (406) an eine erste Basisstation (412), wobei
das Verfahren an der ersten Basisstation (412) in
einem drahtlosen Kommunikationsnetzwerk (400)
ausgeflhrt wird, aufweisend:

Empfangen von Signalisierung in Bezug auf ei-
ne letzte Servicedateneinheit, SDU, welche an
der zweiten Basisstation (406) in richtiger Rei-
henfolge empfangen wurde, wobei die Signali-
sierung in Bezug auf die letzte SDU, die in rich-
tiger Reihenfolge empfangen wurde, einen In-
dex aufweist, der bezeichnend fur die letzte von
der zweiten Basisstation in richtiger Reihenfolge
empfangene SDU ist;

Erhalten einer oder mehrerer nachfolgender
SDUs, die an der zweiten Basisstation (406)
vom Mobilgerat (402) empfangen wurden; und
Bestimmen einer oder mehrerer fehlender
SDUs, die zwischen dem Index, der flir die letzte
in richtiger Reihenfolge empfangene SDU be-
zeichnend ist, und einem hoéchsten Index der
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einen oder mehreren nachfolgenden SDUs
nummeriert sind,

wobei die Signalisierung in Bezug auf die letzte in
richtiger Reihenfolge empfangene SDU und die eine
oder mehreren nachfolgenden SDUs von der zwei-
ten Basisstation (406) an die erste Basisstation (412)
als Teil eines Handovers des Mobilgerats (402) von
der zweiten Basisstation (406) an die erste Basis-
station (412) gesendet werden.

Das Verfahren nach Anspruch 1 weiterhin aufwei-
send ein Erwarten eines Empfangens der einen oder
mehreren fehlenden SDUs und dann ein Liefern von
geordneten Datenpaketen an eine Ubergeordnete
Schicht.

Das Verfahren nach Anspruch 2, wobei das Erwar-
ten des Empfangens zumindest teilweise auf einem
Warte-Timer basiert.

Das Verfahren nach Anspruch 1, weiterhin aufwei-
send ein Empfangen der einen oder mehreren feh-
lenden SDUs als Teil einer erneuten Ubertragung
von dem Mobilgerat (402).

Das Verfahren nach Anspruch 1, weiterhin aufwei-
send ein Umordnen der einen oder mehreren nach-
folgenden SDUs mit der einen oder den mehreren
fehlenden SDUs und ein Interpretieren von Daten in
der einen oder den mehreren nachfolgenden SDUs
und der einen oder den mehreren fehlenden SDUs.

Das Verfahren nach Anspruch 1, wobei der Index,
der fur das letzte SDU Paket, das von der zweiten
Basisstation empfangen wurde, bezeichnend ist, ein
Index einer erstenfehlenden SDU unter den Paketen
ist, die von der zweiten Basisstation (406) empfan-
gen wurden.

Eine drahtlose Kommunikationsvorrichtung (412),
das ein Verarbeiten von Datenpaketen in richtiger
Reihenfolge nach einem Handover eines Mobilge-
rats (402) von einer zweiten Basisstation (406) an
eine erste Basisstation (412) in einem drahtlosen
Kommunikationsnetzwerk (400) unterstitzt, aufwei-
send:

Mittel zum Empfangen, an der ersten Basissta-
tion (412), von Signalisierung in Bezug auf eine
letzte Servicedateneinheit, SDU, welche an der
zweiten Basisstation (406) in richtiger Reihen-
folge empfangen wurde, wobei die Signalisie-
rung in Bezug auf die letzte SDU, die in richtiger
Reihenfolge empfangenwurde, einen Index auf-
weist, der bezeichnend fir die letzte von der
zweiten Basisstation in richtiger Reihenfolge
empfangene SDU ist;



23 EP 2183 870 B1 24

Mittel zum Erhalten, an der ersten Basisstation
(412), einer oder mehrerer nachfolgender
SDUs, die an der zweiten Basisstation (406)
vom Mobilgerat (402) empfangen wurden; und
Mittel zum Bestimmen einer oder mehrerer feh-
lender SDUs, die zwischen dem Index, der flr
die letzte in richtiger Reihenfolge empfangene
SDU bezeichnend ist, und einem hochsten In-
dex der einen oder mehreren nachfolgenden
SDUs nummeriert sind,

wobei die Signalisierung in Bezug auf die letzte in
richtiger Reihenfolge empfangene SDU und die eine
oder mehreren nachfolgenden SDUs von der zwei-
ten Basisstation (406) andie erste Basisstation (412)
als Teil eines Handovers des Mobilgerats (402) von
der zweiten Basisstation (406) an die erste Basis-
station (412) gesendet werden.

Ein Computerprogramm mit ausflihrbaren Instrukti-
onen, um zumindest einen Computer dazu zu ver-
anlassen, ein Verfahren gemaf einem der Anspri-
che 1-6 durchzufiihren, wenn sie ausgefiihrt werden.

Revendications

Un procédé de délivrance de paquet de données en
fonctionde numéros de séquence durant un transfert
intercellulaire d’un dispositif mobile (402) d’une se-
conde station de base (406) vers une premiéere sta-
tion de base (412), le procédé étant mis en oeuvre
au niveau de la premiere station de base (412) dans
un réseau de communication sans fil (400),
comprenant :

la réception d’une signalisation relative a une
derniére unité de données de service, SDU, re-
gue dans l'ordre au niveau de la seconde station
de base (406), la signalisation relative a la der-
niere SDU regue dans l'ordre comprenant un
indiceindiquantladerniére SDU regue dans l'or-
dre par la seconde station de base ;
'obtentiond’une ou plusieurs SDUs subséquen-
tes regues en provenance du dispositif mobile
(402) au niveau de la seconde station de base
(406) ; et

la détermination d’'une ou plusieurs SDUs man-
quantes numérotées entre I'indice indicatif de la
derniére SDU regue dans I'ordre et un indice le
plus élevé des une ou plusieurs SDUs subsé-
quentes,

dans lequel la signalisation relative a la derniére
SDU regue dans l'ordre et aux une ou plusieurs
SDUs subséquentes est envoyée de la seconde
station de base (406) a la premiere station de
base (412) en tant que partie d’un transfert in-
tercellulaire du dispositif mobile (402) de la se-
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conde station de base (406) vers la premiére
station de base (412).

Le procédé de la revendication 1, comprenant en
outre l'attente de la réception des une ou plusieurs
SDUs manquantes puis la délivrance de paquets de
données ordonnées a une couche supérieure.

Le procédé de la revendication 2, dans lequel ladite
attente de la réception est basée au moins en partie
sur une temporisation d’attente.

Le procédé de la revendication 1, comprenant en
outre la réception des une ou plusieurs SDUs man-
quantes entant que parties d’'une réémission en pro-
venance du dispositif mobile (402).

Le procédé de la revendication 1, comprenant en
outre le réordonnancement des une ou plusieurs
SDUs subséquentes avec les une ou plusieurs
SDUs manquantes et I'interprétation de données au
sein des une ou plusieurs SDUs subséquentes et
des une ou plusieurs SDUs manquantes.

Le procédé de larevendication 1, dans lequel I'indice
indicatif du dernier paquet SDU regu par la seconde
station de base est un indice d’'une premiére SDU
manquante parmiles paquets regus par la seconde
station de base (406).

Un équipement de communication sans fil (412) qui
facilite le traitement de paquets de données dans
I'ordre lors d’un transfert intercellulaire d’un dispositif
mobile (402) d’une seconde station de base (406) a
une premiére station de base (412) dans un réseau
de communication sans fil (400), comprenant :

des moyens de réception au niveau de la pre-
miére station de base (412) d’'une signalisation
relative a une derniére unité de données de ser-
vice, SDU, regue dans l'ordre au niveau de la
seconde station de base (406), la signalisation
relative a la derniére SDU recue dans l'ordre
comprenant un indice indiquant laderniére SDU
regue dans l'ordre par la seconde station de
base ;

des moyens d’obtention au niveau de la premie-
re station de base (412) d’'une ou plusieurs
SDUs subséquentes regues en provenance du
dispositif mobile (402) au niveau de la seconde
station de base (406) ; et

des moyens de détermination d’'une ou plu-
sieurs SDUs manquantes numérotées entre I'in-
dice indicatif de laderniére SDU regue dans l'or-
dre et un indice le plus élevé des une ou plu-
sieurs SDUs subséquentes,

dans lequel la signalisation relative a la derniére
SDU regue dans l'ordre et aux une ou plusieurs
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SDUs subséquentes est envoyée de la seconde
station de base (406) a la premiére station de
base (412) en tant que partie d’un transfert in-
tercellulaire du dispositif mobile (402) de la se-
conde station de base (406) vers la premiére
station de base (412).

Un programme informatique comprenant des ins-
tructions exécutables pour faire en sorte qu’au moins
un calculateur mette en oeuvre un procédé selon
'une des revendications 1 a 6 lorsqu’elles sont exé-
cutées.
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