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(54) Titlee METHOD AND APPARATUS FOR WIRELESS NETWORK CONNECTIVITY

(57) Abstract: Methods and apparatus
which allow a wireless terminal (302) to
simultaneously maintain connections with
multiple base stations (304, 306) are described.
Each wireless terminal (302) is capable of
supporting multiple separate timing and/or
other control loops one, for each base station
connection thereby allowing the connections to
operate independently and in parallel. Different
control signals and/or data are transmitted on
each connection that is established with a base
station (302, 306). In this manner base stations
(302, 306) receive different data allowing for
asynchronous data transmission.  The data
received by the base stations (302, 306) can
be supplied to a wired asynchronous network
(308) without the need to combine the received
data prior to supplying it to the wired network
(308). The communications techniques of
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the invention can be used to implement soft
handoffs without the need to duplicate data
transmissions to multiple base stations.
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METHODS AND APPARATUS FOR WIRELESS NETWORK CONNECTIVITY

RELATED APPLICATIONS

The present application claims the benefit of the filing date of U.S. Provisional
Patent Application S.N. 60/312,126 filed August 14, 2001 titled: "A METHOD FOR
PROVIDING NETWORK CONNECTIVITY FOR A WIRELESS TERMINAL" and which is

hereby expressly incorporated by reference.

FIELD OF THE INVENTION

The present invention is directed to communication systems, and more
particularly, to methods and apparatus for supporting communication between a wireless

terminal, e.g., mobile node, and multiple bases stations.

BACKGROUND OF THE INVENTION

In a wireless communication system, a wireless terminal, e.g., mobile node, is
often coupled to a wired network, such as the Internet, via base stations. Base stations provide
network connectivity within a coverage area called a cell. The communications path from a base |
station to the wireless terminal is called a “downlink”, while a communications path from the

wireless terminal to a base station is called an “uplink”.

For the purpose of network connectivity, at a minimum, the wireless terminal
communicates with one base station. However, for various performance considerations typically
in support of terminal mobility, e.g., moving from cell to cell, wireless terminals are often
equipped to simultaneously maintain wireless link connections with multiple base stations. For
example, in a Code Division Multiple Access (CDMA) system, the wireless terminal can be in a

“soft handoff” state.

Fig. 1 illustrates a known CMDA communications network 100, which includes
wireless terminal 102, base station 1 104, base station 2 106, mobile switching center 108 and

wired networks 110. Various communications between the network elements are represented by
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arrows. Uplink communications are illustrated in Fig. 1 and downlink communications are

illustrated in Fig. 2.

The existing method of soft handoff in direct spread CDMA technologies delivers
a single data information flow split across multiple link connections, each from a different base
station, to a wireless terminal, and another data flow from the terminal back to the multiple base
stations. The consequent characteristics, including tight time synchronization of these
connections between the base stations and the terminal, constrains the technology choice for use

in a radio access network infrastructure.

Referring to Fig. 1, in the soft handoff state, using the uplink, the wireless
terminal 102 transmits a signal 112, 114 representing information to be sent. In this example,
the wireless terminal 102 is in the coverage area of more than one base station 104, 106.
Therefore, more than one base station 104, 106 listens to the same uplink signal 112, 114

simultaneously.

Then, in response to receiving the signal 112, 114 from the wireless terminal 102,
the base stations 104, 106 process received signals. As represented by arrows 116 and 118, the
processing results are sent to a central unit, often referred to as a mobile switching center 108,
which combines the results from individual base stations 104, 106 to obtain the sent information.
Then the mobile switching center 108 sends the information to the wired network 110, e.g., the

Internet. This is represented by arrow 120.

Similarly, in regard to the downlink, as illustrated in Fig. 2, the mobile switching
center 108 receives information from the wired networks 110 for the wireless terminal 102, as
represented by arrow 220. Then the mobile switching center 108 duplicates the information and
transmits the information to more than one base station 104, 106. This is represented by arrows
216, 218. The base stations 104, 106 simultaneously transmit the received signal representing
the information to the wireless terminal 102. This is shown using arrows 212 and 214. The
wireless terminal 102 combines the signals received from the base stations 104, 106 to obtain

the information from the wired networks 110.
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One advantage of having the soft handoff state is to achieve macro diversity. In
addition, the soft handoff state also reduces data loss and latency during handoff, i.e., when the
wireless terminal is switched from one base station to another data is transmitted by multiple

base stations.

Data received by a wireless terminal from a first base station can be combined
with data received from a second wireless terminal which transmits the same signal to form a
complete message or set of data even when communication with the first base station is lost,

e.g., due to entry into the coverage area of the second base station.

Soft handoff has the disadvantage associated with the complexity and timing
requirements of utilizing mobile switching center 108 as a combining unit in the uplink and as a
duplicating unit in the downlink. This characteristic constrains network operations, since this
characteristic requires synchronized network transport technology capable of delivering data
information to and from the mobile switching center 108 and the base stations 104, 106 with
very low delay jitter with respect to the multiple base stations 104, 106. That is, in such systems
information to and from the multiple base stations 104, 106 and the mobile switching center 108
must be tightly synchronized in time. This synchronized-network transport characteristic stands
in marked contrast to the operation of packet-switched data networks that typically utilize

asynchronously-networked transport technologies.

In a mobile communication system, maintaining multiple link connections
simultaneously is important to ensure seamless handoffs. However, there are compelling
economic advantages in using more asynchronous forms of data networking technologies within
radio access networks. Accordingly, there is a need for improved methods and apparatus for
enabling wireless connectivity, at least some of which will allow the wireless terminals to be
simultaneously connected with multiple base stations while enabling the base stations to
communicate with the wired network in a way consistent with asynchronous, packet-switched

data networking.
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SUMMARY OF THE INVENTION

The present invention is directed to methods and apparatus which allow a

wireless terminal to simultaneously maintain connections with multiple base stations.

The invention described here allows a wireless terminal to be simultaneously
connected with multiple base stations in, e.g., an asynchronous network, yet being able to send
different data and/or control information flows in each link connection from each base station to
the terminal, and from the terminal back to the base stations. In this way simultaneous yet
different information flows are possible between a wireless terminal and multiple base stations.
There is no requirement for time synchronization between the link connections of the base
stations communicating with the terminal. Consequently more technology options exist for use

in the radio access network infrastructure.

In accordance with the invention, multiple simultaneous connections are
independently operated. Connections may include each an uplink, a downlink or both an uplink
and a downlink. In the physical layer, separate synchronization loops are individually tuned and
used for each of the multiple connections. To facilitate simultaneous operation of independent
timing synchronization loops used to support simultaneous communication with multiple base
stations, multiple uplink and multiple down link receiver and timing synchronization circuits,

may be included in each wireless terminal.

In the upper communications layers, the control, e.g., timing and power control

signals and data information carried by distinct connections may be, and typically, are different.

With regard to connections established by a wireless terminal, the wireless
terminal and the base stations have the choice of letting a set of downlinks and/or uplinks to be
active and keeping the remaining links inactive. In various embodiments, for an active
downlink or uplink, the wireless terminal has the choice of carrying data and/or control

information flows on that link.

The wireless terminal is equipped with multiple pairs of transmitter and receiver

circuits, where each transmitter/receiver pair is dedicated for a particular connection.



10

15

20

25

30

WO 03/017689 PCT/US02/25711
-5-

Preferably, a plurality of transmitter/receiver pairs share the same analog device components,
e.g., receiver/transmitter circuitry. In the exemplary embodiment, different connections are

individually synchronized and separated in the digital domain.

A make-before-break handoff method implemented in accordance with the
invention involves a wireless terminal maintaining multiple simultaneous, independent
connections with both current and handoff candidate base stations before the connection with the
current base station goes down. The connections with both the current and handoff candidate
base stations are independently operated. During make-before-break handoff, the downlinks and
uplinks of the multiple connections may remain active, and all may carry both control and data
flows. However, due to system and/or terminal constraints, the aforementioned handoff
behavior may also be restricted such that most or all the downlinks of the multiple connections
are active and carry both control and data flows. While multiple uplinks are active and carry
control flows at the same time for a given device, in one exemplary embodiment a single uplink

is used to communicate the device's data flow at any given time.

Numerous additional features, benefits and details of the methods and apparatus

of the present invention are described in the detailed description which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a known communications system with uplink signaling during,

e.g., a soft handoff.

Fig. 2 illustrates a known communication system with downlink signaling during,

e.g., a soft handoff.

Fig. 3 illustrates a communications system implemented in accordance with an

exemplary embodiment of the present invention.

Figs. 4-6 illustrate three embodiments of maintaining multiple network

connections in accordance with the present invention.
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Fig. 7 illustrates presence of multiple separate synchronization loops, one for

each base station with which the wireless terminal may interact at any given point in time.

Fig. 8 is a block diagram showing an exemplary wireless terminal implemented

in accordance with the present invention in greater detail.

Fig. 9 illustrates transmitter circuitry which may be used as the transmitter

circuitry of the wireless terminal of Fig. 8.

Fig. 10 illustrates receiver circuitry which may be used as the receiver circuitry of

the wireless terminal of Fig. 8.

Figs. 11-14 illustrate the signaling and connections established as part of a make

before break operation performed in accordance with the present invention.

DETAILED DESCRIPTION

Fig. 3 illustrates a communication system 300 implemented in accordance with
the present invention. Communications system 300 includes wireless terminal 302, base station
1 304, base station 2 306, and wired networks 308. Communications between the system 300

elements are represented by arrows and will be described below.

The wireless terminal 302 is equipped to maintain multiple wireless connections
with multiple base stations 304, 306 in parallel, e.g., simultaneously. A wireless connection
links the wireless terminal 302 with a particular base station, e.g. base station 1 304, and is used
to exchange data, network level and higher, and/or control, link and MAC layer, information,
i.e., data flow and/or control flow, between the wireless terminal 302 and base station 1 304. In
accordance with the invention the wireless terminal 302 can establish a wireless connection with
more than one base station, e.g., base station 1 304 and base station 2 306. The technologies

and/or spectrum used by distinct simultaneous connections can be the same or different.

In accordance with the invention, at any given time, the pieces of information

carried by the distinct simultaneous connections between the wireless terminal 302 and the base
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stations 304, 306, can, and normally are, different. Therefore the connections that carry
different information at the same time are independent connections or in other words

information is carried on different channels.

Fig. 3 illustrates the two simultaneous and independent connections the wireless
terminal 302 makes with the base stations 304, 306. These connections use the same available
bandwidth, but use different communications channels so the connections do not interfere with

each other. Arrows 310 and 312 represent the communications channels.

The method of multiple simultaneous independent connections is different from
the method of soft handoff because of at least the following reason. In particular, in accordance
with the invention, the signals exchanged between the wireless terminal 302 and multiple base
stations 304, 306 carry different pieces of information, while in soft handoff the signals over the
multiple links carry the same pieces of information. Since both channels carry separate
information, a mobile switching center is not needed as a combining and/or duplicating unit.
Therefore, in accordance with the invention, the base stations 304, 306 can be coupled to the
wired networks 308 directly, individually and independently. This is represent in Fig. 3 by
arrows 314 and 316.

A connection or channel is comprised of a pair of separate communications paths,
a downlink and an uplink each of which carries separate information flows. The downlink, the
uplink or both are active for a connection at any given time. Moreover, when a downlink or

uplink is active, data and/or control signals, flows, are transmitted over the connection.

In accordance with the invention, the activities of distinct connections can be
different, and when active, the types of information flows transmitted over distinct connections
can be different. During any given time period in which multiple connections exist with a given
wireless terminal 302, either the wireless terminal 302 or the base stations 304, 306 have the
choice of dynamically setting a set of downlinks and/or uplinks to be active and, optionally,
keeping the remaining inactive. For an active downlink or uplink, either the wireless terminal or
the base stations have the choice of carrying data and/or control flows on that link. Various

embodiments for connections settings will now be described.
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Figs. 4-6 illustrates three embodiments of the present invention implemented with
the base stations 1 and 2 304, 306 of communications system 300. Control flows are
represented by dashed lines and data flows are represented by solid lines. Active downlinks or
uplinks are represented by arrows heads in the appropriate direction, i.e., pointing towards the

wireless terminal for downlinks and pointing towards the base station for uplinks.

In the first embodiment, illustrated in Fig. 4, the wireless terminal 302 has
connections 410, 414 with first and second base stations 304, 306, respectively. Each
connection 410, 414 includes a control uplink 408, 412 and a control downlink 409, 413,
respectively. Each connection 410, 414 also includes a data uplink 416, 418 and a data
downlink 41, 419, respectively. Accordingly, in the Fig. 4 example, bi-directional control and

data communications is supported for communications with both base stations 304, 306.

In a second embodiment of the present invention, illustrated in Fig. 5, the
wireless terminal 302 has connections 510, 514 with first and second base stations 304, 306,
respectively. Each of the first and second connections 510, 514 includes a control uplink 508,
512 and a control downlink 509, 513, respectively. The first connection 510 also includes a data
uplink 516 and a data downlink 517. The second connection 514 includes a data downlink 519
but no data uplink. Accordingly, in the Fig. 4 example, bi-directional control signaling is
supported for both the connections with both base stations 304, 306, bi-directional data
communication is supported with one base station 304 while downlink data communications is

supported for the connection 514 with the second base station 306.

As illustrated in Fig. 5, base station 1 304 has both uplink (508, 516) and
downlink (509, 517) connections with wireless terminal 502 which carry control and data flows.
On the other hand, with base station 2 306, has both an uplink 512 and a downlink 513
connection for control flows, but only downlink connection 519 for data flows. In the Fig. 5
example, a single uplink is used by a device to transmit data at any given time despite the
existence of multiple active uplinks any or all of which may be used to communicate control

information.

In a third example of the present invention, illustrated in Fig. 6, at any given

point in time, each of the wireless terminal’s connections 610, 614 includes active control (609,
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613) downlinks and active data (613, 619) downlinks, while a single one of the wireless
terminal’s connections 610, 614 includes both an active control uplink 608 and active data
uplink 616. In this manner, the wireless terminal can fully interact with one base station 304 at a

given time but receive control and data signals from multiple base stations 304, 306.

For example wireless terminal 602 has an active control and data downlinks (609,
617) and uplinks (608, 616) with base station 1 304, thereby allowing bi-directional
communication of both of the connection carry control and data flows. On the other hand for
base station 2 306, the wireless terminal 302 has active downlinks 613, 619 for control and data

flows, respectively, but no active uplink connection.

For a connections to be established, the wireless terminal 302 and the
corresponding base stations 304, 306 to which the terminal 302 is to be connected are
synchronized to each other, where the synchronization operation typically involves carrier
frequency and symbol/frame timing synchronization. In the case where the base stations 304,
306 are not synchronized themselves, in accordance with the invention, the synchronization

operations for individual connections 310, 312 are independently carried out.

Specifically, the carrier frequency and symbol/frame timing parameters at both
transmitter and receiver of the wireless terminal 302 are independently set and/or tuned for
individual connections 310, 312. Fig. 7 illustrates the use of separate synchronization control
loops 704, 706 within the wireless transmitter 302 to insure proper, independent timing
synchronization with each of the base stations 304, 306 to which the wireless terminal 302 is

connected.

In the Fig. 7 example, wireless terminal 302 has first and second independent,
e.g., asynchronous, connections 310, 312. The first connection 310 is with base station 1 304
while the second connection 312 is with base station 2 306. Since the base stations 304, 306 are
not synchronized, the wireless terminal 302 maintains separate synchronization loops 704, 706
for each connection. Synchronization loop 1 704 is for the first connection 1 310 while the
second synchronization loop 706 is for the second connection 312. While synchronization loops
704, 706 function independently, they may share some common hardware, e.g., analog receiver

circuitry, used to receive signals corresponding to connections 310, 312 while independent
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digital processing may be used to perform all or a portion of the timing control implemented in

each of the synchronization loops 704.

Fig. 8 illustrates an exemplary wireless terminal 302 of the present invention in
greater detail than the preceding figures. The wireless terminal includes a transmitter antenna
752 that it coupled to transmitter circuitry 754. It also includes a receiver antenna 756 that is
coupled to receiver circuitry 758. Transmitter circuitry 754 receives digital control and data
signals to be transmitted from bus 767. Receiver circuitry 758 generates digital control and data
signals from received signals which are output over bus 767. Transmitter and receiver circuitry
are responsive to timing, power control, and other signals received from other terminal

components via bus 767.

Bus 767 couples various components of the wireless terminal together as shown
in Fig. 8. The components that are coupled together include an input device 770, an output
device 772, transmitter circuitry 754, receiver circuitry 758, a processor, e.g., CPU, 774 and
memory 760. Input device may be, e.g., a keypad and/or microphone. Output device 772 may
include a speaker and/or display device. Memory 760 includes data 760, e.g., voice, text, E-mail
or other types of data, stored in the form of files, which has been received or is to be transmitted.
The data may be stored as packets or packetized prior to transmission. Memory also includes
transmission routines 764, reception routines 766 and different sets of parameters 777, 779 for
each connection with a base station that is maintained. Transmission routines 764 and reception
routines 766 are executed by processor 774 and control various transmission/reception
operations. Transmission routines 764 may include a synchronization loop routine and a main
digital processing routine that can be executed for each base station connection that is to be
supported by the wireless terminal 302 at any given time to provide, when executed, a
synchronization loop and a main digital processing module (see, e.g., Fig. 9). Similarly,
reception routines 766 may also include a synchronization loop routine and a main digital
processing routine that can be executed for each base station connection that is to be supported
by the wireless terminal 302 at any given time to provide, when executed, a synchronization

loop and a main digital processing module (see, e.g., Fig. 10).

Transmission routines 764 and reception routines 766 are executed by processor

774 and control various transmission/reception operations. Under control of the routines 766,
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774 the processor circuitry 774 may is configured to operate as receiver and transmitter
synchronization loop circuits and receiver/transmitter main digital processing modules.
Alternatively, such circuits and/or modules may be implemented using dedicated hardware

circuits.

Transmitter and receiver systems that use these multiple synchronization loops

will now be described.

The wireless terminal 302 is equipped with multiple transmitter and receiver
pairs, where each pair is dedicated for a particular connection. In one embodiment of the
invention, individual transmitter/receiver pairs are constructed with separate device components.
An exemplary transmitter system 800 is described with respect to Fig. 8 and an exemplary

receiver system 900 is described with respect to Fig. 9.

Fig. 9 illustrates wireless terminal components 800 used for transmitting signals
to base stations in accordance with the present invention. The wireless terminal components 800
include an analog processing module 814, a Digital-to-Analog converter (DAC) 812, an adding
unit 810, synchronization loops 806, 808 and main digital processing modules 802, 804, coupled
together as shown in Fig. 8. Analog processing module 814, D/A converter 812 and adding unit
810 may be part of the transmitter circuitry 754 shown in Fig. 8. Synchronization loops 806,
808 and digital processing modules 802, 804 may be implemented by executing routines 764 on
processor 774 or by using dedicated hardware circuits. Analog processing module 814 may
include elements such as Radio Frequency (RF) and analog filters, analog mixers, etc. The
signals transmitted to base stations 304 and 306 are processed by each of these circuits.
However, such circuits could be duplicated for transmission to each of the base stations 304, 306
avoiding the need for adding unit 810 but requiring multiple modules 814 and D/A converters
812.

In an exemplary transmission operation, the digital signals corresponding to
different base station connections are first generated, where each signal represents the control
and/or data information to be sent on the corresponding connection. The signals may be
generated by processor 774. In accordance with the invention, the digital signals to be

transmitted to each base station are independently processed by separate main digital processing



10

15

20

25

30

WO 03/017689 PCT/US02/25711

-12-

modules 802, 804 and synchronization loops 806, 808 used for processing signals directed to
base station to which the signals are directed. In the Fig. 8 example, the digital signals to be
transmitted over the different connections are further digitally processed, e.g., channel encoded,

by main digital processing modules 802, 804.

Base stations may not be synchronized. Therefore, in accordance with the
invention, for the synchronization purposes frequency and timing corrections are carried out
independently, based on the synchronization parameters, using digital signal processing for the
digital signals of individual connections. These frequency and timing correction are
independently performed on a per base station connection basis by the synchronization loops

806, 808.

The separated digital signals to be transmitted to the base stations 304, 306 are
then added and converted to a single analog signal by adding unit 810 and DAC 812,
respectively. The information on the different connections is carried on separate
communications channels, e.g., OFDM communications channels implemented using, e.g.,
different frequency tones. Therefore the adding unit introduces minimal interface to the
information to be sent when the information is combined. The converted analog signal is

amplified and then transmitted over the wireless channel by analog processing module 814.

Fig. 10 illustrates wireless terminal components 900 used for receiving signals
from base stations in accordance with the present invention. The wireless terminal components
900 include an analog processing module 902, an Analog-to-Digital converter (ADC) 904, a
duplicating unit 906, signal separator circuits 905, 907, synchronization loops 908, 910 and main
digital processing modules 912, 914, coupled together as shown in Fig. 10. Analog processing
module 902 may include elements such as Radio Frequency (RF) and analog filters, analog
mixers, etc. Analog processing module 902, A/D converter 904 duplicating unit 906, and signal
separator circuits 905, 907 may be implemented as part of the receiver circuitry 758.
Synchronization loops 908, 910 and digital processing modules 912, 914 may be implemented

by executing routines 766 on processor 774 or by using dedicated hardware circuits.

In exemplary receiver operation, received signals, e.g., analog signals, are first

processed by analog device components, e.g., analog filters, amplifiers, by analog processing
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module 902. Then, the processed signal is converted to a single digital signal by ADC 904. The
digital signal is then duplicated, by duplicating unit 906, to form multiple copies of the same
digital signal. Each of the multiple copies of digital signals is further processed on a per base

station connection.

In accordance with the invention, the receiver system 900 includes separate
signal separator circuits 905, 907, synchronization loops 908, 910 and main digital processing
modules 912, 914 for each of its base station 310, 312 connections. For synchronization
purposes frequency and timing corrections are independently carried out for the digital signals of
individual connections based on synchronization parameters and by performing digital signal
processing operations after signal separation is done by one of circuits 905, 907. In this

example, the separation of the corresponding connections is carried out in the digital domain.

The signal separation, timing synchronization and decoding operations are
performed by signal separation circuit 905, 907, the synchronization loop 908, 910 and the main
digital processing module 912, 914, corresponding to each base station connection. Accordingly
signals corresponding to different base stations are processed independently in the digital

domain.

The main digital processing performed by modules 912, 914 may include, e.g.,
channel decoding operations. As the result of decoding performed by modules 912, 914 the
transmitted data and/or control signals corresponding to each individual base station are
separately recovered. The recovered control and/or data information is stored in the memory

810 and/or subject to further processing by processor 824.

In accordance with various implementations of the present invention, a plurality
of transmitter/receiver pairs can share the same analog device components, such as Radio

Frequency (RF) and analog filters.

One situation where a wireless terminal 302 may maintain connections with
multiple base stations is during a handoff operation. In accordance with the invention, when a

wireless terminal 302 is performing a handoff operation, it maintains multiple simultaneous
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independent connections with the base stations 304, 306 in the neighboring area. An exemplary

handoff operation will now be discussed with respect to the communication system of Fig. 3.

Wireless terminals may move and, as a result, encounter new base stations within
their transmission range. When a wireless terminal 302 detects the presence of a new base
station, e.g., base station 2 306, and determines the new base station 306 is a handoff candidate,
it establishes a new connection with the new base station 306. This is done by either directly
communicating with the new base station 306, e.g., providing device specific connection setup
information to the new base station 306 and/or by indirectly communicating with the new base
station, e.g., having the current serving base station 304 inform the new base station 306 of the

presence or wireless terminal 302 in the new base station's coverage area.

Preferably, in the handoff operation, the new connection is established before the
connection with the current base station 304 goes down, resulting in the make-before-break
feature of the handoff operation. The make-before-break feature effectively reduces or even

eliminates the data loss and latency that might otherwise occur during a handoff.

Figs. 11-14 illustrate the connections established as part of a make-before-break
handoff operation of the present invention. In the example in Figs. 11-14 bi-directional control
and data communications links are supported. The wireless terminal maintains an active uplink
for each base station with which it communications. The uplinks are used to transmit control
information, such as power control and link layer acknowledgment, to individual base stations.
In accordance with the invention, those pieces of control information can be different for

different base stations.

Fig. 11 illustrates step 1 of a handoff. In this step, the wireless terminal 302 has
one connection to a base station, e.g., the first base station 304. The connection carries control
information on link 1010 and data information on link 1008 in both uplink and downlink

directions.

As the wireless terminal 302 moves closer to base station 2 306, in step 2, the

wireless terminal 302 decides to add base station 2 306 as a handoff candidate. Therefore, as
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illustrated in Fig. 12, the wireless terminal 302 establishes and maintains two connections, one

with the first base station 304 and another with the second base station 306.

In accordance with the present invention the two connections are independently
operated. For this exemplary embodiment, in the downlink, different data packets and control
information are received from each of the first and second base stations 304, 306. The data
packets received by the different base stations 304, 306 may be different parts of the same file or
message, e.g., voice E-mail or text message, which is being transmitted. In the uplink, control
information is transmitted to both base stations 304, 306, as represented by the upward facing
arrowheads on arrows 1010 and 1112. The control information transmitted to different base
stations 304, 306 can be different, e.g., since the base stations may not be synchronized. That is,
in some embodiments, different symbol transmission start times are used by each base station
304, 306 requiring different symbol timing synchronization to be performed in regard to signals
exchanged with the different base stations 302, 304.

In the example shown in Fig. 12, data packets, are transmitted from the wireless
terminal to a single base station, e.g., the first base station 304, at any given time. The single
base station to which the wireless terminal 302 transmits its uplink data flow is preferably the
one having the best wireless channel condition. For example, suppose that base station 1 304
has the best wireless channel condition. Therefore, the wireless terminal 302 will transmit the

data packets through the link connection 1008 to the base station 304.

Now suppose that the wireless channel condition of second base station 306
becomes better than that of first base station 304. The wireless terminal 302 will switch to the
second base station 306 for data transmission purposes and will transmit the data packets
through the connection with the second base station 306 instead of the connection with first base

station 304.

When making the switch there can be an overlapping period of time. In this time
the benefits of having two connections are evident. For example, the wireless terminal 302 may
continue to transmit its data flows to first base station 304 in order to finish serving the data
packets, which are in the middle of transmission, while the data flows of new, different data

packets to the second base station 306, also start. The different data packets transmitted to the
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first and second base stations 304, 306 may include, e.g., IP packets representing different
portions of the same message or file. The simultaneous data transmissions to two base stations
304, 306 is possible because the two connections are over two different communications
channels. Alternatively, the wireless terminal 302 can first finish serving the data packets that
are in the middle of transmission to the first base station 304, and then start the data flows of

new data packets to second base station 2 306.

As channel conditions for the connection to the second base station 306 improve
over channel conditions for the connection to the first base station 304, e.g., as the wireless
terminal moves from one cell to another, in a third step, the wireless terminal 302 will initiate a
switch of its data flow from the first base station 304 to the second base station 306. This results
in connections and signal flows as illustrated in Fig. 13. In Fig. 13, the wireless terminal’s
uplink data flow connection with the first base station 304 has been terminated and wireless
terminal 302 has formed an uplink data flow connection 1210 with the second base station 306.
Accordingly, with the start of the transmission of data to the second base station 306, the flow of
data to the first base station 304 will stop. In this embodiment, at a given time, a single uplink
connection is used to carry the data flow, while all active uplink connections carry the control
flows. Active uplink control flows are represented in Fig. 13 by upward facing arrowheads on

connections 1209 and 1211.

As the wireless terminal 302 moves out of range of the first base station 304, the
corresponding connection 1208, 1209 is torn down in step 4 of a handoff of the present
invention. As a result, as shown in Fig. 14, the wireless terminal 302 will have one connection
1210, 1211 to the second base station 306. Thus, at the end of the handoff operation, the mobile

node 302 will have a single connection with the a base station.

The make-before-break handoff is fundamentally different from the soft handoff,
in that the multiple simultaneous connections between a wireless terminal and different base
stations are independent and that they carry different control and./or data information. In
accordance with the invention, the connections with both the current and the new base stations

are independently operated.
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Specifically, in the physical layer, and in the wireless terminal's memory 760, the
wireless terminal maintains separate sets of transmitter/receiver synchronization parameters 777,
779 for the different connections. Moreover, in the upper layers, the pieces of information
carried on the connections for different base stations may be different. In the downlink
direction, the data and control flows from the base stations to the wireless terminal may contain
different pieces of information. For example, the base stations can, and in various embodiments
do, send different independent data packets to the wireless terminal simultaneously. Similarly,
in the uplink direction, the data and control flows from the wireless terminal to the base stations

may also include different pieces of information.

The steps of the various methods of the present invention may be implemented in
a variety of ways, e.g., using software, hardware or a combination of software and hardware to
perform each individual step or combination of steps discussed. Various embodiments of the
present invention include means for performing the steps of the various methods. Each means
may be implemented using software, hardware, e.g., circuits, or a combination of software and
hardware. When software is used, the means for performing a step may also include circuitry
such as a processor for executing the software. Accordingly, the present invention is directed to,
among other things, computer executable instructions such as software for controlling a machine

or circuit to perform one or more of the steps or signal processing operations discussed.

The timing synchronization loops of the present invention may be implemented
using various techniques and/or circuits. U.S. Patent Application S.N. 10/090,871 filed March
4, 2002 titled "Method of Symbol Timing Synchronization in Communication Systems" and
U.S. Patent Application S.N. 09/503,040 filed Feb. 11, 2000, both of which are hereby expressly
incorporated by reference, describe various timing synchronization circuits and techniques that
may be used to implement the timing loops used in a wireless terminal of the present invention.

However, alternative techniques and/or circuits may be used.

It is to be understood that numerous variations on the above described methods
and apparatus are possible without departing from the scope of the invention. For example, the
invention was explained in terms of a wireless terminal establishing connections with two base
stations. In accordance with the invention simultaneous connections between a wireless terminal

and any number of base stations may be established and maintained. In addition, embodiments
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where a wireless terminal (303) supports multiple data uplinks with different base stations (304,
306) at the same time but a single data downlink at any given time are contemplated. Such data
links would be in addition to control links, e.g., bidirectional control links, with both base
stations. Such an implementation would be similar to the one shown in Fig. 5 but with the arrow

519 reversed to represent an uplink instead of a downlink.

It is also to be understood that while the methods and apparatus of the present
invention are suitable for orthogonal frequency division multiplexed (OFDM) applications, they
can be used with other communications techniques as well and are not limited to OFDM

systems.
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WHAT IS CLAIMED IS:

1. A mobile communications device (302) for communicating, in parallel with a plurality of
base stations (304, 306) each operating with different signal timing, the communications device
(302) comprising:

a plurality of timing synchronization loops (806, 808, 908, 910) capable of
establishing, in parallel, timing synchronization with said plurality of base stations (304, 306).

2. The mobile communications device (302) of claim 1, wherein said plurality of timing

synchronization loops (806, 808, 908, 910) are symbol timing loops.

3. The mobile communication device of claim 1, wherein said plurality of timing
synchronization loops (806, 808, 908, 910) include receiver timing synchronization loops (908,
910) and transmitter timing synchronization loops (806, 808), a plurality of said transmitter
timing loops and a plurality of receiver symbol timing loops being used in parallel, at least one
receiver timing loop and one transmitter timing loop being used for each base station with which

said mobile communications device establishes a communications connection.

4. The mobile communications device of claim 3, further comprising:
a plurality of encoder circuits (802, 804), a different one of said plurality of
encoder circuits being coupled to each of said plurality of transmitter timing synchronization

loops (806, 808).

5. The mobile communications device of claim 4, wherein each of said plurality of
encoders (802, 804) encodes data corresponding to connections to different base stations (304,

306).

6. The mobile communications device of claim 5, further comprising:
a digital combining device (810) coupled to said plurality of synchronization
loops (806, 808) for combining data processed by said synchronization loops (806, 808) to

thereby generate a combined digital signal.

7. The mobile communications device of claim 6, further comprising:
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a digital to analog converter (812) for converting said combined digital signal
into an analog transmission signal; and

an analog transmission circuit (814) for transmitting said analog transmission

signal.

8. The mobile communications device of claim 3, further comprising:

a plurality of decoder circuits (912, 914), a different one of said plurality of
decoder circuits (912, 914) being coupled to each of said plurality of decoder timing
synchronization loops (908, 910).

9. The mobile communications device of claim 8, wherein each of said plurality of
decoders (912, 914) decodes data corresponding to connections to different base stations (304,
306).

10.  The mobile communications device of claim 3, further comprising:

a plurality of signal separation circuits (905, 907), a different signal separation
circuit being coupled to each one of said plurality of receiver synchronization loops (908, 910)
for separating signals corresponding to different base stations (304, 306), such that signals
corresponding to different base stations will be processed by different receiver synchronization

loops (908, 910).

11.  The mobile communications device of claim 10, further comprising:

an analog receiver circuit (902) for receiving an input analog signal
corresponding to signals transmitted by multiple base stations (304, 306); and

an analog to digital converter (904) coupled to said analog receiver circuit (902)

and said signal separation circuits.

12.  The mobile communications device of claim 11, wherein the signals transmitted by each
base station (104, 106) are orthogonal frequency division multiplexed signals; and

wherein said signal separation circuits (905, 907) are filters which filter out the
tones corresponding to base stations (304 or 306) which are not to be processed by the receiver
synchronization loop (908 or 910) to which the particular signal separation circuit (905, 907) is

coupled.



<N oy s WD N 0y ok WD

P N

WO 03/017689 PCT/US02/25711

-21-

13.  The mobile communications device of claim 1, further comprising:
control means (774) for controlling the transmission of different portions of a

data file to different base stations (304, 306) at the same time.

14. A method of operating a wireless terminal to interact with a plurality of base stations
(304, 306) including a first base station (304) and a second base station (306), comprising:
performing first timing synchronization operations to synchronize data signal
timing with the first base station (304); and
performing, second timing synchronization operations, to synchronize data signal
timing with the second base station (306), the first and second timing synchronization operations

being performed independently and in parallel.

15. The method of claim 14,
wherein said step of performing first timing synchronization operations includes
receiving timing control signals from the first base station (304) over a first control link (409);
and
wherein said step of performing second timing synchronization operations
includes receiving timing control signals from the second base station (306) over a second

control link (419).

16.  The method of claim 15, wherein said first and second timing synchronization operations

are symbol timing synchronization operations.

17.  The method of claim 15, further comprising:
transmitting first data to the first base station (304); and
in parallel with transmitting second data to the first base station (304),

transmitting different data to the second base station (306).

18.  The method of claim 17, wherein said first and second data are different parts of a single

data file.

19. The method of claim 18, wherein said data file is one of an E-mail file, an image file and

a text file.
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20. The method of claim 19,

wherein said first data is stored in a first data packet and said second data is
stored in a second data packet; and

wherein transmission of said second data packet to said second base station (306)

begins during transmission of said first data packet to said first base station (304).

21.  The method of claim 20, further comprising:
ceasing the transmission of data to said first base station (304) after transmission
of said first data packet is completed while continuing to transmit data to said second base

station (306).

22. A method of implementing a handoff between base stations of a communications system,
the method comprising:

communicating with a first base station (304);

establishing a connection with a second base station (306); and

transmitting, in parallel, different communications signals to said first and second

base stations (304, 306).

23. The method of claim 22,

wherein said different communications signals are data signals representing
packets of digital data; and

wherein said step of transmitting different data to said first and second base
stations (304, 306) includes transmitting a first data packet to said first base station (304) and
transmitting a second data packet to said second base station (306), each of the first and second

data packets including different data from a set of data to be transmitted.

24, The method of claim 23, wherein said set of data to be transmitted is one of an E-mail

message, a voice message, and a text message.

25. The method of claim 23, further comprising, using different symbol transmission start
times when transmitting symbols representing at least portions of said first and second data

packets to said first (304) and second (306) base stations.
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26.  The method of claim 25, further comprising:
monitoring the quality of the connections with the first and second base stations
(304, 306);and

ceasing to transmit data to the lower quality connection.

27.  The method of claim 25, further comprising:

monitoring the quality of the connections with the first and second base stations
(304, 306); and

changing the base station (304, 306) to which data is transmitted when the quality
of the connection being used to transmit data becomes worse than the quality of the data

connection to the base station to which data was not being transmitted.

28. A method of implementing a communications system, the method comprising;:
providing a plurality of base stations (304, 306) for interacting with a mobile
communications device (302);
operating at least a first and second base station (304, 306) in said plurality of
base stations to receive, in parallel, different data from said mobile communications device
(302) to be transmitted over a wired asynchronous communications network (308); and
operating the first and second base stations (304, 306) to supply said received
data to said wired asynchronous network (308).

29.  The method of claim 28, wherein said different data includes at least a portion of a first
data packet transmitted by said first base station 304 and a second data packet transmitted by

said second base station 302.

30.  The method of claim 29, wherein said first and second data packets correspond to
different portions of at least one of an E-mail message, a voice message and a text message

being transmitted by said wireless terminal.

31.  The method of claim 30, further comprising:
operating the first and second base stations to perform independent asynchronous

symbol timing synchronization operations with said mobile communications device.



WO 03/017689

PCT/US02/25711

~-120 ~220
Mobile Mobile
Switching [ Switching |
Center 108 Center 108
118 218
104 116 106 104 216 106
) ) /
Base Base Base Base
Station 1 Station 2 Station 1 Station 2

2123\/214

Wireless
Terminal

~—102

FIG. 1

Wireless
Terminal

~—102

FIG. 2



WO 03/017689

2/10

'/\300

308

Wired
Networks

Base Base
Station 1 Station 2
31 05\ /431 2

Wireless
Terminal [~—302

FIG. 3

PCT/US02/25711



WO 03/017689

3/10

PCT/US02/25711

Base Base
3041 station 1 | 416 41| Station 2 [™-306
408—X H’ 418
417
410 N\ 413\/ 414
409 419
Wireless
Terminal [~—302
FIG. 4
Base Base
304~ station 1 | 516 512| Station2 | ™-306
508 — X
\ 517
510 7\ 513\/ 514
500 519
Wireless
Terminal [~—302

FIG. 5



WO 03/017689 PCT/US02/25711

4/10

Base Base

304~ station1 | 616 Station 2 [™-306
608 — X /
617
610 / 613 614

) og/l‘ Y/ 619

Wireless

Terminal [~—302

FIG. 6



WO 03/017689

5/10

3(2)4 3(2)6
Base Base
Station 1 Station 2
A
~~310 ~—-312
704 706
) )
Synchronization | Synchronization
Loop for Loop for

Connection 1

Connection 2

Wireless Terminal

302

FIG. 7

PCT/US02/25711




WO 03/017689

6/10

PCT/US02/25711

3502
WIRELESS TERMINAL
760
752 754 §
3 MEMORY
TRANSMITTER DATA 762 704
CIRCUITRY S
- TRANSMISSION
756 3 ROUTINES
RECEIVER 766
RECEPTION
CIRCUITRY ROUTINES
767
N | 774
] INPUT | |OUTPUT PROCESSORJ
770 DEVICE | | DEVICE (CPU)
772

FIG. 8




PCT/US02/25711

WO 03/017689

7/10

6 'Old

08 —~ (1epoou3) a|npon g
2 Uol}08Uu09 buisssoo.d g co;mN_m%L.__tgw
10} UOIJ_WLIOJUI [enoig ure A
Blep/|0Jju0D 808
Cm_omoocm_v 9|INPON dooT
| UONO8UUO0D | uISsad0.d >
16} UONBUWLIOJI [enbiq urepy P uonezIuoIYyouAg
EJep/|0Jjuo) ~—g08 908
(s1exiw
. ‘s1a)|ly
g . JOUBAUOD o ‘dY ?D.mv .
nun Buippy Gojeuy-o} 3INPOIN ©ubIS
-[renbia Buissaooid vmz_rcm.cm._._.
> Bojeuy .
0L8 cli8 ¥€8
008



PCT/US02/25711

WO 03/017689

8/10

OlF "©Id

16 —~{(1epooaq) ainpon d UN2A1D
2 UOOBULI0D Duisseoold co;mN_mmL.__tEnm - uoljesedesg -
164 uoneuwoyuy L PHOI UEA A ~_[Bubls
Blep/|04ju0) 016 L06
cmvmoomov 9INPO | doo . Tl
| uooaulod | uissedold [ < uonesedes
103 uoewoyur | [EBMBIQ urep \cosz_co\Eoc\Am A [eubBis
Blep/|0)u0D ~—Z2l6 806 G06
(s1axiw
‘sioly
nun § hmtméoo «| ‘A4 “b9) [
Buipeondng |eybig-ol SINPON reubig
-Bojeuy Buissa00ld | panieoay
| Bojeuy .
906 706 ¢06
006




WO 03/017689 PCT/US02/25711

9/10
Base Base
304—1 station 1 Station 2 [>-306
\ 1008
1010—\
\\
Wireless
Terminal [~—302
FIG. 11
Base | Base
304— station 1 Station 2 |>-306

X 7

\ \ 1008 /

1010 —\ /
1112\7,

\\‘ / 1110

Wireless
Terminal [~—302

FIG. 12



WO 03/017689 PCT/US02/25711

10/10

Base Base
304— station 1 Station 2 [ -306

X f
\ \ 1208 /

1209 —\ /
\ 1211\/
/ 1210
Wireless
Terminal [~—302
FIG. 13
Base Base
304~ station 1 Station 2 [ -306
7
/
1211 /
~/
/ 1210

Wireless
Terminal [~—302

FIG. 14



INTERNATIONAL SEARCH REPORT

International application No.

PCT/USo02/25711

A. CLASSIFICATION OF SUBJECT MATTER
IPC(7) :Ho+Q 7/00
US CL : 455/508, 504, 67.1, 67.6

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

uUs. : 455/508, 504, 67.1, 67.6; $70/498

Documentation searched other than minimum documentation to the extent that such documents are included in the fields

seaﬂ'@ﬁ

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

NONE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A
col. 2, lines 64-68, col. 3, lines 1-20.

col. 5, lines 1-39.

4, lines 38-57.

US 4,696,052 A (BREEDEN) 22 SEPTEMBER 1987, see FIG. 1-8,

US 6,263,204 B1 (KUSAKI et al) 17 JULY 2001, see FIG. 1-12,

US 5,883,888 A (ST-PIERRE) 16 MARCH 1999, see FIG. 1-5, col.

1-31

1-31

1-31

D Further documents are listed in the continuation of Box C. D See patent family annex.

M Special categories of cited d ts:

3

"A" document defining the general state of the art which is not considered

to be of particular relevance

"E" earlier document published on or after the international filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"o" document referring to au oral disclosure, use, exhibition or other
means

P document published prior to the international filing date but later

than the priority date claimed

T later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive atep
when the document is taken alone

"y document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is combined
with one or more other such documents, such combination being
obvious to a person skilled in the art

& document member of the same patent family

Date of the actual completion of the international search

07 NOVEMBER 2002

Date of mailing of the internatfonal search report

Name and mailing address of the ISA/US
Commissioner of Patents and Trademarks
Box PCT
Washington, D.C. 20231

Facsimile No.

(708) 805-3280

0'4DF 2002 [

)
! Kingd |l
TAN TRINH /i . /
Telephone No. (7ps) 3b5-5622

Form PCT/ISA/210 (second sheet) (July 1998)«

\V 4




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

