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Description

TECHNICAL FIELD

[0001] Certain embodiments of the present disclosure
generally relate to wireless communication and, more
particularly, to establishing multiple connections be-
tween a wireless device and multiple base stations and
exchanging data using these connections via different
segments of an orthogonal frequency division multiple
access (OFDMA) frame.

BACKGROUND

[0002] Orthogonal frequency-division multiplexing
(OFDM) and OFDMA wireless communication systems
under IEEE 802.16 use a network of base stations to
communicate with wireless devices (i.e., mobile stations)
registered for services in the systems based on the or-
thogonality of frequencies of multiple subcarriers and can
be implemented to achieve a number of technical advan-
tages for wideband wireless communications, such as
resistance to multipath fading and interference. Each
base station (BS) emits and receives radio frequency
(RF) signals that convey data to and from the mobile
stations. Typically, a mobile station (MS) only communi-
cates with one base station (e.g., the serving base sta-
tion) at a time. This BS allocates bandwidth to the MS
based on the base station’s own scheduling algorithm,
and the MS is restricted from using bandwidth from other
base stations.
[0003] Attention is drawn to document US
20050288020 A1, which describes a method for support-
ing a handover in a broadband wireless access commu-
nication system which includes a mobile subscriber sta-
tion, a serving base station currently providing service to
the mobile subscriber station, and a plurality of adjacent
base stations different from the serving base station, in
which each of the base stations includes cells using
subchannel bands different from each other, the method
including establishing a set of base stations which cur-
rently provide wireless channels for data transmission/re-
ception to the mobile subscriber station; classifying, by
each base station, entire subchannels into a plurality of
sets of subchannels: and allocating each of the sets of
subchannels obtained by the classification to a PUSC
(Partial Usage of Subchannels) subchannel area of each
sector, wherein, every base stations included in an active
set select an equal number of PUSC subchannels from
among a PUSC subchannel area allocated to each of the
base stations and allocate the selected PUSC subchan-
nels to the mobile subscriber station, and the mobile sub-
scriber station receives a downlink signal transmitted
through each of PUSC subchannel areas and performs
a predetermined combining of all signals received from
each of the BSs.
[0004] Attention is also drawn to document WO
2005/120109 A1 which provides a method and system

for facilitating efficient handoff and data throughput in
mobile broadband communication systems. Methods im-
plemented by a system constructed in accordance with
the principles of this document include selectively ena-
bled soft handoff, performing Layer 2 bearer functions at
the base station and using the mobile device to coordi-
nate soft handoff and interference avoidance without the
need for a centralized coordination function.

SUMMARY

[0005] In accordance with the present invention, a
method and apparatus for wireless communication, and
a computer-readable medium, as set forth in the inde-
pendent claims, is provided. Embodiments of the inven-
tion are claimed in the dependent claims. Aspects of the
present disclosure generally relate to establishing multi-
ple connections between a wireless device and multiple
base stations and exchanging data using these connec-
tions via different segments of an orthogonal frequency
division multiple access (OFDMA) frame. The multiple
connections may be used for multi-way (e.g., three-way)
concurrent processing, multi-way (e.g., three-way)
handover, or a hybrid between concurrent processing
and multi-way handover. A first aspect of the invention
includes a method of wireless communication, the meth-
od being executed by an apparatus and comprising:

establishing a first connection with a first base sta-
tion, wherein the first connection involves the trans-
fer of data using a first signal based on a first segment
of an OFDMA frame; establishing a second connec-
tion with a second base station, wherein the second
connection involves the transfer of data using a sec-
ond signal based on a second segment of the OFD-
MA frame; exchanging data with the first and second
base stations via the first and second connections
within a time period bounded by the OFDMA frame,
wherein the first and second segments comprise dif-
ferent downlink, DL, data; and
concurrently processing the different DL data from
the first and second segments, wherein concurrently
processing comprises adjusting for delays between
the first and second signals based on the first and
second segments, respectively.

A second aspect of the invention includes an apparatus
for wireless communication, comprising: means for es-
tablishing a first connection with a first base station,
wherein the first connection involves the transfer of data
using a first signal based on a first segment of an OFDMA
frame; means for establishing a second connection with
a second base station, wherein the second connection
involves the transfer of data using a second signal based
on a second segment of the OFDMA frame; means for
exchanging data with the first and second base stations
via the first and second connections within a time period
bounded by the OFDMA frame, wherein the first and sec-
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ond segments comprise different downlink, DL, data; and
means for concurrently processing the different DL data
from the first and second segments, said means for con-
currently processing configured to adjust for delays be-
tween the first and second signals based on the first and
second segments, respectively. A third aspect of the in-
vention includes a computer-readable medium contain-
ing a program for wireless communication, which, when
executed by a processor, performs operations compris-
ing the steps of the method according to the first aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] So that the manner in which the above recited
features of the present disclosure can be understood in
detail, a more particular description, briefly summarized
above, may be had by reference to embodiments, some
of which are illustrated in the appended drawings. It is to
be noted, however, that the appended drawings illustrate
only certain typical embodiments of this disclosure and
are therefore not to be considered limiting of its scope,
for the description may admit to other equally effective
embodiments.

FIG. 1 illustrates an example wireless communica-
tion system, in accordance with certain embodi-
ments of the present disclosure.

FIG. 2 illustrates various components that may be
utilized in a wireless device in accordance with cer-
tain embodiments of the present disclosure.

FIG. 3 illustrates an example transmitter and an ex-
ample receiver that may be used within a wireless
communication system that utilizes orthogonal fre-
quency-division multiplexing and orthogonal fre-
quency division multiple access (OFDM/OFDMA)
technology in accordance with certain embodiments
of the present disclosure.

FIG. 4 illustrates an example OFDMA frame for
Time-Division Duplex (TDD) with three segments, in
accordance with certain embodiments of the present
disclosure.

FIG. 5 illustrates three connections with different da-
ta between a wireless device and three base stations
for three-way concurrent processing, in accordance
with certain embodiments of the present disclosure.

FIG. 6 is a flow chart of example operations for es-
tablishing and exchanging data using multiple con-
nections between a wireless device and multiple
base stations via segments of an OFDMA frame, in
accordance with certain embodiments of the present
disclosure.

FIG. 6A is a block diagram of means corresponding

to the example operations for establishing and using
multiple connections of FIG. 6, in accordance with
certain embodiments of the present disclosure.

FIG. 7 illustrates an example scenario for three-way
concurrent processing, three-way handover, or a hy-
brid scheme between them, in accordance with cer-
tain embodiments of the present disclosure.

FIG. 8 illustrates a receiver block diagram configured
to time align segments of an OFDMA frame received
from three different base stations, in accordance with
certain embodiments of the present disclosure.

FIGs. 9A-B illustrate scenarios for deleting existing
connections and adding new connections as a wire-
less device changes locations from a starting loca-
tion in FIG. 7, in accordance with certain embodi-
ments of the present disclosure.

FIGs. 10A and 10B illustrate flow charts of example
operations for adding new connections and deleting
existing connections based on strength of signals
received at a wireless device, in accordance with
certain embodiments of the present disclosure.

FIG. 11 illustrates three connections with different
data between a wireless device and three base sta-
tions for three-way handover, in accordance with cer-
tain embodiments of the present disclosure.

FIG. 12 is a chart comparing and listing the advan-
tages of three-way concurrent processing, three-
way handover, and a hybrid between them, in ac-
cordance with certain embodiments of the present
disclosure.

DETAILED DESCRIPTION

[0007] Certain embodiments of the present disclosure
provide techniques and apparatus for establishing mul-
tiple connections between a wireless device and multiple
base stations and exchanging data using these connec-
tions via different segments of an orthogonal frequency
division multiple access (OFDMA) frame. The multiple
connections may be used for multi-way (e.g., three-way)
concurrent processing, multi-way (e.g., three-way)
handover, or a hybrid between concurrent processing
and multi-way handover in an effort to increase data
throughput for the wireless device.

Exemplary Wireless Communication System

[0008] The methods and apparatus of the present dis-
closure may be utilized in a broadband wireless commu-
nication system. The term "broadband wireless" refers
to technology that provides wireless, voice, Internet,
and/or data network access over a given area.
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[0009] WiMAX, which stands for the Worldwide Inter-
operability for Microwave Access, is a standards-based
broadband wireless technology that provides high-
throughput broadband connections over long distances.
There are two main applications of WiMAX today: fixed
WiMAX and mobile WiMAX. Fixed WiMAX applications
are point-to-multipoint, enabling broadband access to
homes and businesses, for example. Mobile WiMAX of-
fers the full mobility of cellular networks at broadband
speeds.
[0010] Mobile WiMAX is based on OFDM (orthogonal
frequency-division multiplexing) and OFDMA (orthogo-
nal frequency division multiple access) technology.
OFDM is a digital multi-carrier modulation technique that
has recently found wide adoption in a variety of high-
data-rate communication systems. With OFDM, a trans-
mit bit stream is divided into multiple lower-rate sub-
streams. Each substream is modulated with one of mul-
tiple orthogonal subcarriers and sent over one of a plu-
rality of parallel subchannels. OFDMA is a multiple ac-
cess technique in which users are assigned subcarriers
in different time slots. OFDMA is a flexible multiple-ac-
cess technique that can accommodate many users with
widely varying applications, data rates, and quality of
service requirements.
[0011] The rapid growth in wireless internets and com-
munications has led to an increasing demand for high
data rate in the field of wireless communications services.
OFDM/OFDMA systems are today regarded as one of
the most promising research areas and as a key tech-
nology for the next generation of wireless communica-
tions. This is due to the fact that OFDM/OFDMA modu-
lation schemes can provide many advantages such as
modulation efficiency, spectrum efficiency, flexibility, and
strong multipath immunity over conventional single car-
rier modulation schemes.
[0012] IEEE 802.16x is an emerging standard organi-
zation to define an air interface for fixed and mobile
broadband wireless access (BWA) systems. These
standards define at least four different physical layers
(PHYs) and one media access control (MAC) layer. The
OFDM and OFDMA physical layer of the four physical
layers are the most popular in the fixed and mobile BWA
areas respectively.
[0013] FIG. 1 illustrates an example of a wireless com-
munication system 100. The wireless communication
system 100 may be a broadband wireless communica-
tion system. The wireless communication system 100
may provide communication for a number of cells 102,
each of which is serviced by a base station 104. A base
station 104 may be a fixed station that communicates
with user terminals 106. The base station 104 may alter-
natively be referred to as an access point, a Node B, or
some other terminology.
[0014] FIG. 1 depicts various user terminals 106 dis-
persed throughout the system 100. The user terminals
106 may be fixed (i.e., stationary) or mobile. The user
terminals 106 may alternatively be referred to as remote

stations, access terminals, terminals, subscriber units,
mobile stations, stations, user equipment, etc. The user
terminals 106 may be wireless devices, such as cellular
phones, personal digital assistants (PDAs), handheld de-
vices, wireless modems, laptop computers, personal
computers (PCs), etc.
[0015] A variety of algorithms and methods may be
used for transmissions in the wireless communication
system 100 between the base stations 104 and the user
terminals 106. For example, signals may be sent and
received between the base stations 104 and the user
terminals 106 in accordance with OFDM/OFDMA tech-
niques. If this is the case, the wireless communication
system 100 may be referred to as an OFDM/OFDMA
system.
[0016] A communication link that facilitates transmis-
sion from a base station 104 to a user terminal 106 may
be referred to as a downlink 108, and a communication
link that facilitates transmission from a user terminal 106
to a base station 104 may be referred to as an uplink
110. Alternatively, a downlink 108 may be referred to as
a forward link or a forward channel, and an uplink 110
may be referred to as a reverse link or a reverse channel.
[0017] A cell 102 may be divided into multiple sectors
112. A sector 112 is a physical coverage area within a
cell 102. Base stations 104 within a wireless communi-
cation system 100 may utilize antennas that concentrate
the flow of power within a particular sector 112 of the cell
102. Such antennas may be referred to as directional
antennas. For example, base station 104A may provide
directional coverage for sector A 112A, base station 104B
may provide directional coverage for sector B 112B, and
base station 104C may provide directional coverage for
sector C 112C as illustrated in FIG. 1.
[0018] FIG. 2 illustrates various components that may
be utilized in a wireless device 202. The wireless device
202 is an example of a device that may be configured to
implement the various methods described herein. The
wireless device 202 may be a base station 104 or a user
terminal 106.
[0019] The wireless device 202 may include a proces-
sor 204 which controls operation of the wireless device
202. The processor 204 may also be referred to as a
central processing unit (CPU). Memory 206, which may
include both read-only memory (ROM) and random ac-
cess memory (RAM), provides instructions and data to
the processor 204. A portion of the memory 206 may also
include non-volatile random access memory (NVRAM).
The processor 204 typically performs logical and arith-
metic operations based on program instructions stored
within the memory 206. The instructions in the memory
206 may be executable to implement the methods de-
scribed herein.
[0020] The wireless device 202 may also include a
housing 208 that may include a transmitter 210 and a
receiver 212 to allow transmission and reception of data
between the wireless device 202 and a remote location.
The transmitter 210 and receiver 212 may be combined
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into a transceiver 214. An antenna 216 may be attached
to the housing 208 and electrically coupled to the trans-
ceiver 214. The wireless device 202 may also include
(not shown) multiple transmitters, multiple receivers,
multiple transceivers, and/or multiple antennas.
[0021] The wireless device 202 may also include a sig-
nal detector 218 that may be used in an effort to detect
and quantify the level of signals received by the trans-
ceiver 214. The signal detector 218 may detect such sig-
nals as total energy, pilot energy from pilot subcarriers
or signal energy from the preamble symbol, power spec-
tral density, and other signals. The wireless device 202
may also include a digital signal processor (DSP) 220 for
use in processing signals.
[0022] The various components of the wireless device
202 may be coupled together by a bus system 222, which
may include a power bus, a control signal bus, and a
status signal bus in addition to a data bus.
[0023] FIG. 3 illustrates an example of a transmitter
302 that may be used within a wireless communication
system 100 that utilizes OFDM/OFDMA. Portions of the
transmitter 302 may be implemented in the transmitter
210 of a wireless device 202. The transmitter 302 may
be implemented in a base station 104 for transmitting
data 306 to a user terminal 106 on a downlink 108. The
transmitter 302 may also be implemented in a user ter-
minal 106 for transmitting data 306 to a base station 104
on an uplink 110.
[0024] Data 306 to be transmitted is shown being pro-
vided as input to a serial-to-parallel (S/P) converter 308.
The S/P converter 308 may split the transmission data
into N parallel data streams 310.
[0025] The N parallel data streams 310 may then be
provided as input to a mapper 312. The mapper 312 may
map the N parallel data streams 310 onto N constellation
points. The mapping may be done using some modula-
tion constellation, such as binary phase-shift keying
(BPSK), quadrature phase-shift keying (QPSK), 8 phase-
shift keying (8PSK), quadrature amplitude modulation
(QAM), etc. Thus, the mapper 312 may output N parallel
symbol streams 316, each symbol stream 316 corre-
sponding to one of the N orthogonal subcarriers of the
inverse fast Fourier transform (IFFT) 320. These N par-
allel symbol streams 316 are represented in the frequen-
cy domain and may be converted into N parallel time
domain sample streams 318 by an IFFT component 320.
[0026] A brief note about terminology will now be pro-
vided. N parallel modulations in the frequency domain
are equal to N modulation symbols in the frequency do-
main, which are equal to N mapping and Appoint IFFT
in the frequency domain, which is equal to one (useful)
OFDM symbol in the time domain, which is equal to N
samples in the time domain. One OFDM symbol in the
time domain, Ns, is equal to Ncp (the number of guard
samples per OFDM symbol) + N (the number of useful
samples per OFDM symbol).
[0027] The N parallel time domain sample streams 318
may be converted into an OFDM/OFDMA symbol stream

322 by a parallel-to-serial (P/S) converter 324. A guard
insertion component 326 may insert a guard interval be-
tween successive OFDM/OFDMA symbols in the
OFDM/OFDMA symbol stream 322. The output of the
guard insertion component 326 may then be upconverted
to a desired transmit frequency band by a radio frequency
(RF) front end 328. An antenna 330 may then transmit
the resulting signal 332.
[0028] FIG. 3 also illustrates an example of a receiver
304 that may be used within a wireless communication
system 100 that utilizes OFDM/OFDMA. Portions of the
receiver 304 may be implemented in the receiver 212 of
a wireless device 202. The receiver 304 may be imple-
mented in a user terminal 106 for receiving data 306 from
a base station 104 on a downlink 108. The receiver 304
may also be implemented in a base station 104 for re-
ceiving data 306 from a user terminal 106 on an uplink
110.
[0029] The transmitted signal 332 is shown traveling
over a wireless channel 334. When a signal 332’ is re-
ceived by an antenna 330’, the received signal 332’ may
be downconverted to a baseband signal by an RF front
end 328’. A guard removal component 326’ may then
remove the guard interval that was inserted between
OFDM/OFDMA symbols by the guard insertion compo-
nent 326.
[0030] The output of the guard removal component
326’ may be provided to an S/P converter 324’. The S/P
converter 324’ may divide the OFDM/OFDMA symbol
stream 322’ into the N parallel time-domain symbol
streams 318’, each of which corresponds to one of the
N orthogonal subcarriers. A fast Fourier transform (FFT)
component 320’ may convert the N parallel time-domain
symbol streams 318’ into the frequency domain and out-
put N parallel frequency-domain symbol streams 316’.
[0031] A demapper 312’ may perform the inverse of
the symbol mapping operation that was performed by the
mapper 312, thereby outputting N parallel data streams
310’. A P/S converter 308’ may combine the N parallel
data streams 310’ into a single data stream 306’. Ideally,
this data stream 306’ corresponds to the data 306 that
was provided as input to the transmitter 302.

Exemplary OFDMA Frame

[0032] Referring now to FIG. 4, an OFDMA frame 400
for a Time-Division Duplex (TDD) implementation is de-
picted as a typical, but not limiting, example. Other im-
plementations of an OFDMA frame, such as Full and Half-
Duplex Frequency-Division Duplex (FDD) may be used,
in which case the frame is the same except that both
downlink (DL) and uplink (UL) messages are transmitted
simultaneously over different carriers. In the TDD imple-
mentation, each frame may be divided into a DL subframe
402 and a UL subframe 404, which may be separated
by a small guard interval-or, more specifically, by Trans-
mit/Receive and Receive/Transmit Transition Gaps
(TTG 406 and RTG 407, respectively)-in an effort to pre-
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vent DL and UL transmission collisions. The DL-to-UL-
subframe ratio may be varied from 3:1 to 1:1 to support
different traffic profiles.
[0033] Within the OFDMA frame 400, various control
information may be included. For example, the first OFD-
MA symbol of the frame 400 may be a preamble 408,
which may contain several pilot signals (pilots) used for
synchronization. Fixed pilot sequences inside the pre-
amble 408 may allow the receiver 304 to estimate fre-
quency and phase errors and to synchronize to the trans-
mitter 302. Moreover, fixed pilot sequences in the pre-
amble 408 may be utilized to estimate and equalize wire-
less channels. The preamble 408 may contain BPSK-
modulated carriers and is typically one OFDM symbol
long. The carriers of the preamble 408 may be power
boosted and are typically a few decibels (dB) (e.g., 9 dB)
higher than the power level in the frequency domain of
data portions in the WiMAX signal. The number of pre-
amble carriers used may indicate which of the three seg-
ments 409 of the zone are used. For example, carriers
0, 3, 6,... may indicate that segment 0 (4090) is to be
used, carriers 1, 4, 7,... may indicate that segment 1
(4091) is to be used, and carriers 2, 5, 8,... may indicate
that segment 2 (4092) is to be used.
[0034] A Frame Control Header (FCH) 410 may follow
the preamble 408, one FCH 410 per segment 409. The
FCH 410 may provide frame configuration information,
such as the usable subchannels, the modulation and cod-
ing scheme, and the MAP message length for the current
OFDMA frame. A data structure, such as the downlink
Frame Prefix (DLFP), outlining the frame configuration
information may be mapped to the FCH 410. The DLFP
for Mobile WiMAX may comprise a used subchannel
(SCH) bitmap, a reserved bit set to 0, a repetition coding
indication, a coding indication, a MAP message length,
and four reserved bits set to 0. Before being mapped to
the FCH 410, the 24-bit DLFP may be duplicated to form
a 48-bit block, which is the minimal forward error correc-
tion (FEC) block size.
[0035] Following the FCH 410 in each segment 409, a
DL-MAP 414 and a UL-MAP 416 may specify subchannel
allocation and other control information for the DL and
UL subframes 402, 404, respectively. In OFDMA, multi-
ple users may be allocated data regions within the frame
400, and these allocations may be specified in the DL
and UL-MAP 414, 416. The MAP messages may include
the burst profile for each user, which defines the modu-
lation and coding scheme used in a particular link. Since
MAP messages contain critical information that needs to
reach all users for that segment 409, the DL and UL-MAP
414, 416 may often be sent over a very reliable link, such
as BPSK or QPSK with rate © coding and repetition cod-
ing.
[0036] The DL subframe 402 of the OFDMA frame 400
may include DL bursts of various bit lengths containing
the downlink data being communicated. Thus, the DL-
MAP 414 may describe the location of the bursts con-
tained in the downlink zones and the number of downlink

bursts, as well as their offsets and lengths in both the
time (i.e., symbol) and the frequency (i.e., subchannel)
directions. Altogether, the preamble 408, the FCH 410,
and the DL-MAP 414 may carry information that enables
the receiver 304 to correctly demodulate the received
signal.
[0037] Likewise, the UL subframe 404 may include UL
bursts of various bit lengths composed of the uplink data
being communicated. Therefore, the UL-MAP 416, trans-
mitted as the first DL burst in the DL subframe 402, may
contain information about the location of the UL burst for
different users. The UL subframe 404 may include addi-
tional control information as illustrated in FIG. 4, such as
a UL Ranging subchannel 422 allocated for the mobile
station to perform closed-loop time, frequency, and pow-
er adjustments during network entry and periodically af-
terward, as well as bandwidth requests. The UL subframe
404 may also include a UL ACK (not shown) allocated
for the mobile station (MS) to feed back a DL hybrid au-
tomatic repeat request acknowledgment (HARQ ACK)
and/or a UL CQICH (not shown) allocated for the MS to
feed back channel state information on the Channel
Quality Indicator channel (CQICH).
[0038] Different "modes" may be used for DL and UL
transmission in OFDMA. An area in the time domain
where a certain mode is used is generally referred to as
a zone. One type of zone is called a DL-PUSC (downlink
partial usage of subchannels) zone 424 and may not use
all the subchannels available to it (i.e., a DL-PUSC zone
424 may only use particular subchannels). The DL-PUSC
zone 424 may be divided into a total of six subchannel
groups, which can be assigned to up to three segments
409. Thus, a segment 409 may contain one to six
subchannel groups (e.g., segment 0 may contain two
subchannel groups 0 and 1, segment 1 may contain two
subchannel groups 2 and 3, and segment 2 may contain
two subchannel groups 4 and 5 as illustrated in FIG. 4).
Another type of zone is called a DL-FUSC (downlink full
usage of subchannels) zone 426. Unlike DL-PUSC, DL-
FUSC does not use any segments, but can distribute all
bursts over the complete frequency range.
[0039] Typically, a frequency reuse factor (K) of 3 is
used in which the DL-PUSC zone 424 may be divided
into three segments 409 in the frequency domain accord-
ing to subchannels. In this scheme, each segment 409
may be composed of two subchannel groups as illustrat-
ed in FIG. 4 and described above. The subcarriers in
each subchannel group may not be contiguous. Further-
more, each base station 104 may have N sector antennas
(e.g., N=3) on the same cell site in an effort to transmit
in N different directions, leading to a frequency reuse
pattern of N/K (e.g., equal to 3/3). In this manner, the
cells 102 may be divided into three sectors 112, and each
segment 409 of the DL-PUSC zone 424 may be associ-
ated with one sector 112.
[0040] However, one problem with a frequency reuse
factor of three (K=3) is that the downlink transmission for
a particular segment can only use one third of the total
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bandwidth (e.g., 5 MHz for WiMAX). Therefore, the max-
imum throughput of a mobile station may be limited to
one third of the bandwidth of the total allocated spectrum.
[0041] Furthermore, a mobile station may be running
various services concurrently. For example, a wireless
device user may be surfing the Internet, watching a video
stream, and voice communicating at the same time. If all
of these services were to be served by one segment,
some links to these services may be rejected when the
sector is loaded and does not have sufficient bandwidth
to accommodate all the links. Alternatively, if all of the
links were to be established, the date rate of each service
may most likely be reduced to meet the capacity con-
straint of one single segment.

AN EXAMPLE METHOD FOR THREE-WAY CONCUR-
RENT PROCESSING

[0042] In an effort to increase the throughput per mo-
bile station (MS), different downlink connections may be
established using multiple segments in an OFDMA
frame. This may allow the MS to utilize bandwidth from
different segments (up to the full bandwidth of the allo-
cated spectrum) and may alleviate the bandwidth de-
mand on any one particular sector.
[0043] FIG. 5 illustrates such a concurrent processing
scheme, with three connections (Connection 0, Connec-
tion 1, and Connection 2) with different data between a
user terminal 106 and three base stations 104 for three-
way concurrent processing, according to a frequency re-
use factor of 3. The DL data being transmitted may be
different data from the same service or, as illustrated in
FIG. 5, may comprise data from different services, such
as voice data 500, Internet data 502, and streaming video
data 504.
[0044] The DL data from each connection may be
transmitted to the user terminal 106 in a different segment
409 of the DL-PUSC zone 424. For example, data for
Connection 0 may be transmitted as one or more DL data
bursts in Segment 0, data for Connection 1 may be trans-
mitted as DL data bursts in Segment 1, and data for Con-
nection 2 may be transmitted as DL data bursts in Seg-
ment 2. In this manner, the user terminal 106 may be
able to establish and maintain all three connections, con-
currently receiving different DL data potentially from dif-
ferent services without reducing the data rate of any serv-
ice, at least up to the limit of the bandwidth allocated per
segment.
[0045] FIG. 6 is a flow chart of example operations 600
for establishing and exchanging data using multiple con-
nections between a wireless device and multiple base
stations in a mobile WiMAX system, for example, via seg-
ments of an OFDMA frame. The operations 600 may be-
gin, at 602, by establishing a first connection with a first
base station for transferring data using a first signal based
on a first segment of an OFDMA frame. At 604, a second
connection with a second base station may be estab-
lished for transferring data using a second signal based

on a second segment of the same OFDMA frame. Data
may be transferred from the first and second base sta-
tions to the wireless device using the first and second
connections at 606. From the operations 600, two-way
concurrent processing may commence. Three-way con-
current processing/traffic transfer may occur at 606 if a
third connection with a third base station was established
after 604 using a third signal based on a third segment
of the same OFDMA frame for K=3.
[0046] For example, FIG. 7 illustrates an example sce-
nario for three-way concurrent processing. In FIG. 7, a
wireless device 700 located in sector B 112B may receive
signals from at least three different base stations 104. A
first connection 702 between the base station providing
coverage for sector B 112B and the wireless device 700
may be established. The first connection 702 may use
segment 0, for example, of an OFDMA frame in an effort
to transmit DL data of a particular service to the wireless
device 700. A second connection 704 may be established
between the base station providing coverage for sector
A 112A and the wireless device 700, and a third connec-
tion 706 may be established between the base station
providing coverage for sector C 112C and the wireless
device 700. The second and third connections 704, 706
may use segment 1 and segment 2, for example, of the
same OFDMA frame in an effort to simultaneously trans-
mit different DL data to the wireless device 700.
[0047] In order for the receiver 304 of the user terminal
106 to demodulate, decode, and interpret the DL data
received from the multiple connections, the receiver 304
may time align the different segments so that they may
be synchronized to line up with the boundary of the OFD-
MA frame. This temporal alignment issue may arise be-
cause the different base stations may not be synchro-
nized (i.e. asynchronous base station timing) in some
wireless systems and furthermore, because of the differ-
ent propagation delays from the different base stations
104 to the user terminal 106.
[0048] FIG. 8 illustrates an example receiver block di-
agram 800 configured to time align the various segments
409 of an OFDMA frame received from three different
base stations 104. The received signal 802 may have
three different time adjustments applied in the delay
blocks 804, each time adjustment based on the delay
from one of the base stations. The segments may be
synchronized using the pilots of the preamble 408, for
example, and the delay may be applied in the delay
blocks 804 accordingly to produce time-aligned signals
806. A fast Fourier transform (FFT) may be applied to
each of the time-aligned signals 806 in the FFT blocks
808 to transform these signals from the time-domain into
the frequency-domain.
[0049] Once the time-aligned signals 806 have been
transformed into the frequency-domain, the data for cer-
tain subchannels may be extracted according to the
subchannel groups indicated in the DLFP 412 of the FCH
410 for a particular segment 409. The extracted data for
a particular segment may be demodulated and decoded
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in the Demodulator/Decoder blocks 810 in order to inter-
pret the downlink data from the three connections.
[0050] As a wireless device changes location, signals
received from a certain base station may become too
weak to use with acceptable bit error ratio (BER) to
achieve a minimum quality of service (QoS) for a partic-
ular type of service, and therefore this connection may
be dropped. However, the wireless device may move
closer to another base station with a stronger signal, and
a new connection may be established to replace the
dropped connection. For example, the wireless device
700 of FIG. 7 may move far enough away from the base
station 1041 serving sector A 112A such that the second
connection 704 is dropped, as illustrated in FIG. 9A. If
there is not another base station with a signal strong
enough to provide a new connection, the wireless device
may operate with two-way concurrent processing, having
only the first and third connections 702, 706 to transfer
data.
[0051] Referring now to FIG. 9B, the wireless device
700 may continue moving and enter a new sector A 912A,
wherein the new sector A 912A uses the same subchan-
nel groups as the segment 409 for the previously de-
scribed sector A 112A. The signal strength from the sector
B antenna of the second base station 1042 providing cov-
erage for sector B 112B may be too weak, and the wire-
less device 700 may also receive a strong signal from
the sector A antenna of the second base station 1042
providing coverage for the new sector A 912A. Hence,
the first connection 702 may be dropped, and a fourth
connection 708 may be established with the wireless de-
vice 700.
[0052] Now that the wireless device 700 may be oper-
ating with two-way concurrent processing and the seg-
ment associated with sector B is not being used, the wire-
less device may be able to add a new connection to a
fourth base station 1044. The fourth base station 1044
may provide coverage for a different sector B 912B,
wherein the new sector B 912B uses the same subchan-
nel groups as the segment 409 for the previously de-
scribed sector B 112B. Once the signal from the fourth
base station 1044 as received by the wireless device 700
is strong enough, a fifth connection 710 may be estab-
lished with the wireless device 700, such that the wireless
device again operates with three-way concurrent
processing to increase its DL data throughput.
[0053] As the wireless device 700 continues to move,
the device may move far enough away from the third
base station 1043 serving sector C 112C such that the
third connection 706 is dropped, as illustrated in FIG. 9B.
The device may have been or, as it moves closer, may
start receiving signals from a fifth base station 1045, and
the device may be able to add a new connection. The
fifth base station 1045 may provide coverage for a differ-
ent sector C 912C, wherein the new sector C 912C uses
the same subchannel groups as the segment 409 for the
previously described sector C 112C. Once the signal from
the fifth base station 1045 as received by the wireless

device 700 is strong enough, a sixth connection 712 may
be established with the wireless device 700, such that
the wireless device again operates with three-way con-
current processing to increase its DL data throughput.
[0054] FIG. 10A is a flow chart of example operations
1000 for adding new connections and deleting existing
connections based on strength of signals received at a
wireless device in a mobile WiMAX system, for example.
In this manner, the wireless device may continuously
monitor the signal strength of existing segment(s) being
processed and the signal strength of potential new seg-
ments not currently being processed.
[0055] The operations 1000 may begin, at 1002, by
determining whether the preamble signal strength from
a new segment (i.e., a new sector) as received by the
wireless device is greater than an add threshold
(S_ADD). If so, then at 1004, whether the new segment
uses different subchannel groups from the existing seg-
ments with previously established connections may be
determined. Therefore, if the new segment has signal
strength greater than S ADD and uses different subchan-
nel groups than existing segments, a connection using
the new segment may be added to the wireless device.
However, if the new segment has a signal strength less
than or equal to S_ADD at 1002 or uses the same
subchannel groups as existing segments at 1004, the
connection using the new segment may not be added.
[0056] At 1008, whether any existing segments with
established connections have a preamble signal strength
less than a drop threshold (S_DROP) may be deter-
mined. If so, then at 1010, established connection(s) us-
ing existing segments with the low signal strength may
be dropped at 1010, and the operations 1000 may repeat
starting at 1002. If there are no existing segments with
signal strength less than S_DROP, the operations may
repeat at 1002.
[0057] For some embodiments as illustrated in the op-
erations 1050 of FIG. 10B, if the preamble signal strength
of a new segment is greater than S ADD at 1002, but the
new segment uses the same subchannel groups as the
existing segment(s) at 1004, a connection with the new
segment may still be established. At 1052, whether the
signal strength of the new segment is better by a certain
margin than the existing segment using the same
subchannel groups may be determined. If not, the con-
nection using the new segment may not be added. How-
ever, if the signal strength of the new segment is signif-
icantly better (i.e., better than the existing segment by
the margin), than the connection using the existing seg-
ment may be replaced with a new connection using the
new segment at 1054 before determining whether any
existing segments have a signal strength below S_DROP
at 1008. In this manner, a new connection having a seg-
ment with a better signal strength may be added without
having to wait for a connection using any existing seg-
ment with a weak signal strength (e.g., below S DROP)
to be deleted.
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Exemplary Three-Way Handover

[0058] Conventionally in mobile WiMAX, a mobile sta-
tion may communicate only with one serving base station
at a time. This base station allocates bandwidth to the
mobile station based on the base station’s scheduler al-
gorithm. To switch services from one base station to an-
other (or from one sector to another), the mobile station
typically performs a handover (also known as a handoff)
to switch from its serving base station to a target base
station. Also conventionally, the mobile station can only
use bandwidth (e.g., certain subchannel groups) from its
serving base station, but cannot use bandwidth from non-
serving base stations providing coverage in neighboring
sectors.
[0059] In an effort to increase the data throughput for
one segment, according to certain embodiments of the
present disclosure, different downlink connections may
be established using multiple segments (e.g., two or
three) in an OFDMA frame, such that each DL connection
transmits data through only one segment as described
above for concurrent processing. However, the mobile
station may receive and parse the multiple segments at
the same time. The multiple segments may contain data
from the same service such that the mobile station may
select the segment (from the connections with multiple
base stations) that offers the mobile station the best
bandwidth grant and may communicate with the selected
segment. The mobile station may change the selection
of the best segment on an OFDMA frame-by-frame basis,
which may be considered as a multi-way handover (e.g.,
a three-way handover between three different base sta-
tion sectors for a frequency reuse factor of three). As
such, the mobile station may view all of the multiple seg-
ments received as coming from serving sectors. This
scheme of multi-way handover may allow the mobile sta-
tion to increase the data throughput within a segment,
although the segment used may be changing.
[0060] FIG. 11 illustrates such a handover scheme for
increased data throughput, with three connections (Con-
nection 0, Connection 1, and Connection 2) with different
data between a user terminal 106 and three base stations
104 for three-way handover, according to a frequency
reuse factor of 3. The DL data being transmitted may be
data from the same service, such as voice data 1100 (as
shown), Internet data, or streaming video data. The DL
data from each connection may be transmitted to the
user terminal 106 in a different segment 409 of the DL-
PUSC zone 424. For example, data for Connection 0
may be transmitted as one or more DL data bursts in
Segment 0, data for Connection 1 may be transmitted as
DL data bursts in Segment 1, and data for Connection 2
may be transmitted as DL data bursts in Segment 2. In
this manner, the user terminal 106 may be able to estab-
lish and maintain all three connections as described
above in the operations 600 of FIG. 6, selecting the seg-
ment with the best bandwidth grant for communication.
The user terminal 106 may ignore the other two segments

until one of these segments offers the best bandwidth
grant in a subsequent OFDMA frame.

Exemplary Hybrid Handover / Concurrent Processing

[0061] For some embodiments, the multi-way concur-
rent processing and handover schemes described above
may be combined to form a hybrid scheme. As an exam-
ple with K=3, three connections may be established with
a mobile station. Two of the connections (e.g., Connec-
tion 0 and 1 using segments 0 and 1 of an OFDMA frame)
may have DL data from the same service with similar
data, and the third connection (e.g., Connection 2 using
segment 2) may have DL data from a different service.
The mobile station may select between segments 0 and
1 depending on which segment offers the best bandwidth
grant (for a two-way handover) and may perform concur-
rent processing with DL data from the selected segment
and from segment 2 in an effort to increase the bandwidth
usage.

Exemplary Multiple WiMAX Connections

[0062] FIG. 12 is a chart 1200 comparing and listing
the advantages of three-way concurrent processing,
three-way handover, and a hybrid between them as de-
scribed above. The chart 1200 lists the type 1202, pro-
vides a brief description 1204 of each type, and notes an
advantage 1206 of each type over conventional K=3
schemes where the maximum throughput of a mobile
station may be limited to one third of the bandwidth of
the total allocated spectrum (e.g., 5 MHz for WiMAX).
[0063] Although embodiments of the present disclo-
sure are described with respect to establishing two or
three connections when considering a frequency reuse
factor of 3, the techniques and apparatus described
above may be expanded to work with other configura-
tions. For example, for cells divided into six sectors, up
to six connections may be established, and a subchannel
group within the OFDMA frame may be used for each
connection instead of a segment.
[0064] The operations described above may be per-
formed by various hardware and/or software compo-
nent(s) and/or module(s) corresponding to a number of
means-plus-function blocks. For example, the operations
600 of FIG. 6 described above may be performed by var-
ious hardware and/or software component(s) and/or
module(s) corresponding to the means-plus-function
blocks 600A illustrated in FIG. 6A. In other words, blocks
602 through 606 illustrated in FIG. 6 correspond to
means-plus-function blocks 602A through 606A illustrat-
ed in FIG. 6A.
[0065] As used herein, the term "determining" encom-
passes a wide variety of actions. For example, "deter-
mining" may include calculating, computing, processing,
deriving, investigating, looking up (e.g., looking up in a
table, a database or another data structure), ascertaining
and the like. Also, "determining" may include receiving
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(e.g., receiving information), accessing (e.g., accessing
data in a memory) and the like. Also, "determining" may
include resolving, selecting, choosing, establishing and
the like.
[0066] Information and signals may be represented us-
ing any of a variety of different technologies and tech-
niques. For example, data, instructions, commands, in-
formation, signals and the like that may be referenced
throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic
fields or particles, optical fields or particles or any com-
bination thereof.
[0067] The various illustrative logical blocks, modules
and circuits described in connection with the present dis-
closure may be implemented or performed with a general
purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field pro-
grammable gate array signal (FPGA) or other program-
mable logic device (PLD), discrete gate or transistor log-
ic, discrete hardware components or any combination
thereof designed to perform the functions described
herein. A general purpose processor may be a micro-
processor, but in the alternative, the processor may be
any commercially available processor, controller, micro-
controller, or state machine. A processor may also be
implemented as a combination of computing devices,
e.g., a combination of a DSP and a microprocessor, a
plurality of microprocessors, one or more microproces-
sors in conjunction with a DSP core, or any other such
configuration.
[0068] The steps of a method or algorithm described
in connection with the present disclosure may be embod-
ied directly in hardware, in a software module executed
by a processor, or in a combination of the two. A software
module may reside in any form of storage medium that
is known in the art. Some examples of storage media
that may be used include random access memory (RAM),
read only memory (ROM), flash memory, EPROM mem-
ory, EEPROM memory, registers, a hard disk, a remov-
able disk, a CD-ROM and so forth. A software module
may comprise a single instruction, or many instructions,
and may be distributed over several different code seg-
ments, among different programs, and across multiple
storage media. A storage medium may be coupled to a
processor such that the processor can read information
from, and write information to, the storage medium. In
the alternative, the storage medium may be integral to
the processor.
[0069] The methods disclosed herein comprise one or
more steps or actions for achieving the described meth-
od. The method steps and/or actions may be inter-
changed with one another without departing from the
scope of the claims. In other words, unless a specific
order of steps or actions is specified, the order and/or
use of specific steps and/or actions may be modified with-
out departing from the scope of the claims.
[0070] The functions described may be implemented
in hardware, software, firmware, or any combination

thereof. If implemented in software, the functions may be
stored as one or more instructions on a computer-read-
able medium. A storage media may be any available me-
dia that can be accessed by a computer. By way of ex-
ample, and not limitation, such computer-readable media
can comprise RAM, ROM, EEPROM, CD-ROM or other
optical disk storage, magnetic disk storage or other mag-
netic storage devices, or any other medium that can be
used to carry or store desired program code in the form
of instructions or data structures and that can be ac-
cessed by a computer. Disk and disc, as used herein,
include 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.
[0071] Software or instructions may also be transmit-
ted over a transmission medium. For example, if the soft-
ware is transmitted from a website, server, or other re-
mote source using a coaxial cable, fiber optic cable, twist-
ed pair, digital subscriber line (DSL), or wireless technol-
ogies such as infrared, radio, and microwave, then the
coaxial cable, fiber optic cable, twisted pair, DSL, or wire-
less technologies such as infrared, radio, and microwave
are included in the definition of transmission medium.
[0072] Further, it should be appreciated that modules
and/or other appropriate means for performing the meth-
ods and techniques described herein can be downloaded
and/or otherwise obtained by a user terminal and/or base
station as applicable. For example, such a device can be
coupled to a server to facilitate the transfer of means for
performing the methods described herein. Alternatively,
various methods described herein can be provided via
storage means (e.g., RAM, ROM, a physical storage me-
dium such as a compact disc (CD) or floppy disk, etc.),
such that a user terminal and/or base station can obtain
the various methods upon coupling or providing the stor-
age means to the device. Moreover, any other suitable
technique for providing the methods and techniques de-
scribed herein to a device can be utilized.
[0073] It is to be understood that the claims are not
limited to the precise configuration and components il-
lustrated above. Various modifications, changes and var-
iations may be made in the arrangement, operation and
details of the methods and apparatus described above
without departing from the scope of the claims.

Claims

1. A method (600) of wireless communication, the
method being executed by an apparatus and com-
prising:

(a) establishing (602) a first connection with a
first base station (104), wherein the first connec-
tion involves the transfer of data (502) using a
first signal based on a first segment (4090) of an
orthogonal frequency division multiple access,
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OFDMA, frame (400);
(b) establishing (604) a second connection with
a second base station (104), wherein the second
connection involves the transfer of data (504)
using a second signal based on a second seg-
ment (4091) of the OFDMA frame;
(c) exchanging (606) data with the first and sec-
ond base stations (104) via the first and second
connections within a time period bounded by the
OFDMA frame, wherein the first and second
segments (4090, 4091) comprise different down-
link, DL, data; and

concurrently processing the different DL data from
the first and second segments (4090, 4091) wherein
concurrently processing comprises adjusting for de-
lays between the first and second signals based on
the first and second segments (4090, 4091), respec-
tively.

2. The method (600) of claim 1, wherein the delays
comprise transmission delays between the first and
second base stations (104) and/or propagation de-
lays in receiving the first and second signals based
on the first and second segments (4090, 4091), re-
spectively.

3. The method (600) of claim 1, further comprising:

establishing a third connection with a third base
station (104), wherein the third connection in-
volves the transfer of data (506) using a third
signal based on a third segment (4092) of the
OFDMA frame; and
exchanging data with the first, second, and third
base stations via the first, second, and third con-
nections within the time period bounded by the
OFDMA frame.

4. The method (600) of claim 3, wherein the first, sec-
ond, and third segments (4090, 4091, 4092) have dif-
ferent downlink, DL, data from three different serv-
ices.

5. The method (600, 1000) of claim 1, further compris-
ing:

determining signal strength of the first and sec-
ond signals; and
deleting (1010) one of the first and second con-
nections whose signal strength is below a drop
threshold.

6. The method (600, 1000) of claim 1, further compris-
ing:

determining signal strength of a third signal
based on a third segment (4092) of an OFDMA

frame (400); and
adding (1006) a third connection with a third
base station (104) if the signal strength of the
third signal is above an add threshold and if the
third segment (4092) uses different subchannel
groups than the first or the second segments
(4090, 4091).

7. The method (600, 1000) of claim 1, further compris-
ing:

Determining signal strength of a third signal
based on a third segment (4092) of an OFDMA
frame; and
replacing (1054) one of the first and second con-
nections with a third connection to a third base
station if the signal strength of the third signal is
above an add threshold and is greater than a
signal strength of the first or the second signal
by at least a margin.

8. An apparatus (600A) for wireless communication,
comprising:

means for establishing (602A) a first connection
with a first base station (104), wherein the first
connection involves the transfer of data using a
first signal based on a first segment (4090) of an
orthogonal frequency division multiple access,
OFDMA, frame;
means for establishing (604A) a second connec-
tion with a second base station (104), wherein
the second connection involves the transfer of
data using a second signal based on a second
segment (4091) of the OFDMA frame;
means for exchanging data (606A) with the first
and second base stations via the first and sec-
ond connections within a time period bounded
by the OFDMA frame,
wherein the first and second segments (4090,
4091) comprise different downlink, DL, data; and
means for concurrently processing the different
DL data from the first and second segments
(4090, 4091), said means for concurrently
processing configured to adjust for delays be-
tween the first and second signals based on the
first and second segments (4090, 4091), respec-
tively.

9. The apparatus of claim 8, further comprising means
for establishing a third connection with a third base
station, wherein the third connection involves the
transfer of data using a third signal based on a third
segment of the OFDMA frame and wherein the
means for exchanging data is a means for exchang-
ing data with the first, second, and third base stations
via the first, second, and third connections within the
time period bounded by the OFDMA frame.
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10. A computer-readable medium containing a program
for wireless communication, which, when executed
by a processor, performs operations comprising the
steps of any of claims 1 to 7.

Patentansprüche

1. Ein Verfahren (600) zur Drahtloskommunikation,
wobei das Verfahren durch eine Vorrichtung ausge-
führt wird und Folgendes aufweist:

(a) Einrichten (602) einer ersten Verbindung mit
einer ersten Basisstation (104), wobei die erste
Verbindung den Transfer bzw. die Übertragung
von Daten (502) unter Verwendung eines ersten
Signals basierend auf einem ersten Segment
(4090) eines Orthogonalfrequenz-Vielfachzu-
griffs- bzw. OFDMA-Rahmens (OFDMA = ortho-
gonal frequency division multiple access) (400)
beinhaltet;
(b) Einrichten (604) einer zweiten Verbindung
mit einer zweiten Basisstation (104), wobei die
zweite Verbindung die Übertragung von Daten
(504) unter Verwendung eines zweiten Signals
basierend auf einem zweiten Segment (4091)
des OFDMA-Rahmens beinhaltet;
(c) Austauschen (606) von Daten mit den ersten
und zweiten Basisstationen (104) über die ers-
ten und zweiten Verbindungen innerhalb einer
Zeitperiode, die durch den OFDMA-Rahmen be-
grenzt ist, wobei die ersten und zweiten Seg-
mente (4090, 4091) unterschiedliche Abwärts-
verbindungs- bzw. DL-Daten (DL = downlink)
aufweisen; und

gleichzeitiges Verarbeiten der unterschiedlichen
DL-Daten von den ersten und zweiten Segmenten
(4090, 4091), wobei das gleichzeitige Verarbeiten
Anpassen hinsichtlich Verzögerungen zwischen den
ersten und zweiten Signalen basierend auf den ers-
ten bzw. zweiten Segmenten (4090, 4091) aufweist.

2. Verfahren (600) nach Anspruch 1, wobei die Verzö-
gerungen Sendeverzögerungen zwischen den ers-
ten und zweiten Basisstationen (104) und/oder Aus-
breitungsverzögerungen beim Empfangen der ers-
ten und zweiten Signale basierend auf den ersten
bzw. zweiten Segmenten (4090, 4091) aufweist.

3. Verfahren (600) nach Anspruch 1, das weiter Fol-
gendes aufweist:

Einrichten einer dritten Verbindung mit einer
dritten Basisstation (104), wobei die dritte Ver-
bindung die Übertragung von Daten (506) unter
Verwendung eines dritten Signals basierend auf
einem dritten Segment (4092) des OFDMA-

Rahmens beinhaltet; und
Austauschen von Daten mit den ersten, zweiten
und dritten Basisstationen über die ersten, zwei-
ten und dritten Verbindungen innerhalb der Zeit-
periode, die durch den OFDMA-Rahmen be-
grenzt ist.

4. Verfahren (600) nach Anspruch 3, wobei die ersten,
zweiten und dritten Segmente (4090, 4091, 4092) un-
terschiedliche Abwärtsverbindungs- bzw. DL-Daten
(DL = downlink) von drei unterschiedlichen Diensten
haben.

5. Verfahren (600, 1000) nach Anspruch 1, das weiter
Folgendes aufweist:

Bestimmen einer Signalstärke der ersten und
zweiten Signale; und
Löschen (1010) einer der ersten und zweiten
Verbindungen, deren Signalstärke unter einem
Abbruch- bzw. Beendigungs-Schwellenwert
liegt.

6. Verfahren (600, 1000) nach Anspruch 1, das weiter
Folgendes aufweist:

Bestimmen einer Signalstärke eines dritten Si-
gnals basierend auf einem dritten Segment
(4092) eines OFDMA-Rahmens (400); und
Hinzufügen (1006) einer dritten Verbindung mit
einer dritten Basisstation (104), wenn die Sig-
nalstärke des dritten Signals über einem Hinzu-
fügungsschwellenwert ist und wenn das dritte
Segment (4092) andere Subkanalgruppen nutzt
als die ersten oder die zweiten Segmente (4090,
4091).

7. Verfahren (600, 1000) nach Anspruch 1, das weiter
Folgendes aufweist:

Bestimmen einer Signalstärke eines dritten Si-
gnals basierend auf einem dritten Segment
(4092) eines OFDMA-Rahmens; und
Ersetzen (1054) einer der ersten und zweiten
Verbindungen durch eine dritte Verbindung zu
einer dritten Basisstation, wenn die Signalstärke
des dritten Signals über einem Hinzufügungs-
schwellenwert ist und größer ist als eine Signal-
stärke des ersten oder des zweiten Signals, und
zwar um wenigstens eine Marge.

8. Eine Vorrichtung (600A) zur Drahtloskommunikati-
on, die Folgendes aufweist:

Mittel zum Einrichten (602A) einer ersten Ver-
bindung mit einer ersten Basisstation (104), wo-
bei die erste Verbindung die Übertragung von
Daten unter Verwendung eines ersten Signals
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basierend auf einem ersten Segment (4090) ei-
nes Orthogonalfrequenz-Vielfachzugriffs- bzw.
OFDMA-Rahmens (OFDMA = orthogonal fre-
quency division multiple access) beinhaltet;
Mittel zum Einrichten (604A) einer zweiten Ver-
bindung mit einer zweiten Basisstation (104),
wobei die zweite Verbindung die Übertragung
von Daten unter Verwendung eines zweiten Si-
gnals basierend auf einem zweiten Segment
(4091) des OFDMA-Rahmens beinhaltet;
Mittel zum Austauschen von Daten (606A) mit
den ersten und zweiten Basisstationen über die
ersten und zweiten Verbindungen innerhalb ei-
ner Zeitperiode, die durch den OFDMA-Rahmen
begrenzt ist,
wobei die ersten und zweiten Segmente (4090,
4091) unterschiedliche Abwärtsverbindungs-
bzw. DL-Daten aufweisen; und
Mittel zum gleichzeitigen Verarbeiten der unter-
schiedlichen DL-Daten von den ersten und
zweiten Segmenten (4090, 4091), wobei die Mit-
tel zum gleichzeitigen Verarbeiten konfiguriert
sind zum Anpassen hinsichtlich Verzögerungen
zwischen den ersten und zweiten Signalen ba-
sierend auf den ersten bzw. zweiten Segmenten
(4090, 4091).

9. Vorrichtung nach Anspruch 8, die weiter Mittel auf-
weist zum Einrichten einer dritten Verbindung mit
einer dritten Basisstation, wobei die dritte Verbin-
dung die Übertragung von Daten unter Verwendung
eines dritten Signals basierend auf einem dritten
Segment des OFDMA-Rahmens beinhaltet und wo-
bei die Mittel zum Austauschen Mittel sind zum Aus-
tauschen von Daten mit den ersten, zweiten und drit-
ten Basisstationen über die ersten, zweiten und drit-
ten Verbindungen innerhalb der Zeitperiode, die
durch den OFDMA-Rahmen begrenzt ist.

10. Ein computerlesbares Medium, das ein Programm
zur Drahtloskommunikation enthält, das, wenn es
durch einen Prozessor ausgeführt wird, Vorgänge
durchführt, die die Schritte nach einem der Ansprü-
che 1 bis 7 aufweisen.

Revendications

1. Procédé (600) de communication sans fil, le procédé
étant exécuté par un dispositif et comprenant :

(a) établir (602) une première connexion avec
une première station de base (104), la première
connexion impliquant le transfert de données
(502) en utilisant un premier signal basé sur un
premier segment (4090) d’une trame d’accès
multiple par séparation fréquentielle orthogona-
le, OFDMA, (400) ;

(b) établir (604) une deuxième connexion avec
une deuxième station de base (104), la deuxiè-
me connexion impliquant le transfert de don-
nées (504) en utilisant un deuxième signal basé
sur un deuxième segment (4091) de la trame
OFDMA ;
(c) échanger (606) des données avec les pre-
mière et deuxième stations de base (104) par
l’intermédiaire des première et deuxième con-
nexions dans une période de temps délimitée
par la trame OFDMA, les premier et deuxième
segments (4090, 4091) comprenant des don-
nées de liaison descendante, DL, différentes ; et

traiter simultanément les données DL différentes
provenant des premier et deuxième segments (4090,
4091), le traitement simultané comprenant un ajus-
tement de délais entre les premier et deuxième si-
gnaux sur la base des premier et deuxième seg-
ments (4090, 4091), respectivement.

2. Procédé (600) selon la revendication 1, dans lequel
les délais comprennent des délais de transmission
entre les première et deuxième stations de base
(104) et/ou des délais de propagation dans la récep-
tion des premier et deuxième signaux sur la base
des premier et deuxième segments (4090, 4091),
respectivement.

3. Procédé (600) selon la revendication 1, comprenant
en outre :

établir une troisième connexion avec une troi-
sième station de base (104), la troisième con-
nexion impliquant le transfert de données (506)
en utilisant un troisième signal basé sur un troi-
sième segment (4092) de la trame OFDMA ; et
échanger des données avec les première,
deuxième et troisième stations de base par l’in-
termédiaire des première, deuxième et troisiè-
me connexions dans la période de temps déli-
mitée par la trame OFDMA.

4. Procédé (600) selon la revendication 3, dans lequel
les premier, deuxième et troisième segments (4090,
4091, 4092) ont des données de liaison descendan-
te, DL, différentes provenant de trois services diffé-
rents.

5. Procédé (600, 1000) selon la revendication 1, com-
prenant en outre :

déterminer une intensité de signal des premier
et deuxième signaux ; et
supprimer (1010) l’une des première et deuxiè-
me connexions dont l’intensité de signal est en
dessous d’un seuil de chute.
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6. Procédé (600, 1000) selon la revendication 1, com-
prenant en outre :

déterminer une intensité de signal d’un troisiè-
me signal basé sur un troisième segment (4092)
d’une trame OFDMA (400) ;
ajouter (1006) une troisième connexion avec
une troisième station de base (104) si l’intensité
de signal du troisième signal est au-dessus d’un
seuil d’ajout et si le troisième segment (4092)
utilise des groupes de sous-canaux différents
par rapport au premier ou au deuxième segment
(4090, 4091) .

7. Procédé (600, 1000) selon la revendication 1, com-
prenant en outre :

déterminer une intensité de signal d’un troisiè-
me signal basé sur un troisième segment (4092)
d’une trame OFDMA; et
remplacer (1054) l’une des première et deuxiè-
me connexions par une troisième connexion
vers une troisième station de base si l’intensité
de signal du troisième signal est au-dessus d’un
seuil d’ajout et est supérieure à l’intensité de si-
gnal du premier ou du deuxième signal d’au
moins une certaine marge.

8. Dispositif (600A) de communication sans fil,
comprenant :

des moyens pour établir (602A) une première
connexion avec une première station de base
(104), la première connexion impliquant le trans-
fert de données en utilisant un premier signal
basé sur un premier segment (4090) d’une trame
d’accès multiple par séparation fréquentielle or-
thogonale, OFDMA ;
des moyens pour établir (604A) une deuxième
connexion avec une deuxième station de base
(104), la deuxième connexion impliquant le
transfert de données en utilisant un deuxième
signal basé sur un deuxième segment (4091) de
la trame OFDMA ;
des moyens pour échanger des données (606A)
avec les première et deuxième stations de base
par l’intermédiaire des première et deuxième
connexions dans une période de temps délimi-
tée par la trame OFDMA,
les premier et deuxième segments (4090, 4091)
comprenant des données de liaison descendan-
te, DL, différentes ; et
des moyens pour traiter simultanément les don-
nées DL différentes provenant des premier et
deuxième segments (4090, 4091), les moyens
pour traiter simultanément étant agencés pour
ajuster des délais entre les premier et deuxième
signaux sur la base des premier et deuxième

segments (4090, 4091), respectivement.

9. Dispositif selon la revendication 8, comprenant en
outre des moyens pour établir une troisième con-
nexion avec une troisième station de base, la troi-
sième connexion impliquant le transfert de données
en utilisant un troisième signal basé sur un troisième
segment de la trame OFDMA, et les moyens pour
échanger des données étant des moyens pour
échanger des données avec les première, deuxième
et troisième stations de base par l’intermédiaire des
première, deuxième et troisième connexions dans
la période de temps délimitée par la trame OFDMA.

10. Support lisible par un ordinateur contenant un pro-
gramme pour des communications sans fil, program-
me qui, lorsqu’il est exécuté par un processeur, réa-
lise des opérations comprenant les étapes de l’une
quelconque des revendications 1 à 7.
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