
METHOD AND APPARATUSFOR WIRELESS MULTI-CARRIER
COMMUNICATIONS I . Claim of Priority under 35 U.S.C.
119 [0001] The present Application for Patent claims
priority to Provisional Application Serial No.
60/682,181, entitled "METHOD AND APPARATUS FOR MULTI
CHANNEL WIRELESS COMMUNICATIONS," filed May 17, 2005,
assigned to the assignee hereof, and expressly
incorporated herein by reference. BACKGROUND I . Field
[0002] The present disclosure relates generally to
communication, and more specifically to techniques for
transmitting data in a wireless communication network.
II. Background [0003] Wireless communication networks
are widely deployed to provide various communication
services such as voice, packet data, broadcast,
messaging, and so on. These networks may be
multiple-access networks capable of supporting
communication for multiple users by sharing the
available network resources. Examples of such
multiple-access networks include Code Division
Multiple Access (CDMA) networks, Time Division
Multiple Access (TDMA) networks, Frequency Division
Multiple Access (FDMA) networks, and Orthogonal
Frequency Division Multiple Access (OFDMA) networks.
[0004] Data usage for wireless communication networks
continually grows due to increasing number of users as
well as emergence of new applications with higher data
requirements. However, a given network typically has a
specific maximum supported data rate for each user,
which is determined by the design of the network. A
substantial increase in the maximum supported data
rate is often realized by deploying a new generation
or a new design of a network. For example, the
transition from second generation (2G) to third
generation (3G) in cellular networks provides
substantial improvements in data rate and features.
However, new network deployment is capital intensive
and often complicated.[0005] There is therefore a need
in the art for techniques to improve throughput for 



users in a wireless communication network in an
efficient and cost effective manner. SUMMARY [0006]
Techniques for utilizing multiple carriers on the
downlink and/or uplink to significantly improve
throughput for a mobile station in a wireless
communication network, e.g., a Global System for
Mobile Communications (GSM) network, are described
herein. A carrier may correspond to a radio frequency
(RF) channel in GSM. The GSM network may support
multi-carrier operation on the downlink and/or uplink.
The mobile station may receive data on multiple
carriers at the same time for multicarrier operation
on the downlink. The mobile station may transmit data
on multiple carriers at the same time for
multi-carrier operation on the uplink. The mobile
station may be assigned one or more carriers for the
downlink and one or more carriers for the uplink
depending on various factors. [0007] According to an
exemplary embodiment of the invention, an apparatus is
described which includes at least one processor and a
memory. The processors) receive an assignment of
multiple carriers for a first link in a GSM network,
receive an assignment of at least one carrier for a
second link in the GSM network, and exchange data with
the GSM network via the multiple carriers for the
first link and the at least one carrier for the second
link. The first link may be the downlink and the
second link may be the uplink, or vice versa. [0008]
According to another exemplary embodiment, an
apparatus is described which includes at least one
processor and a memory. The processor(s) assign
multiple carriers for a first link to a mobile station
in the GSM network, assign at least one carrier for a
second link to the mobile station, and exchange data
with the mobile station via the multiple carriers for
the first link and the at least one carrier for the
second link. [0009] Various exemplary embodiments of
the invention are described in further detail below.
BRIEF DESCRIPTION OF THE DRAWINGS [0010] FIG. 1 shows
a GSM network. [0011] FIG. 2 shows a frame structure
in GSM. 



[0012] FIG. 3 shows an exemplary embodiment of
multi-carrier operation in the GSM network.[0013]
FIGS. 4A - 4C show three data transmission schemes in
multi-carrier operation. [0014] FIGS. 5A and 5B show
two frequency hopping schemes. [0015] FIG. 6 shows a
process for transmitting data in multi-carrier
operation. [0016] FIG. 7 shows a block diagram of a
base station and a mobile station. DETAILED
DESCRIPTION [0017] The word "exemplary" is used herein
to mean "serving as an example, instance, or
illustration." Any exemplary embodiment described
herein as "exemplary" is not necessarily to be
construed as preferred over other exemplary
embodiments. [0018] The transmission techniques
described herein may be used for various wireless
communication networks such as CDMA, TDMA, FDMA and
OFDMA networks. The terms "network" and "system" are
often used interchangeably. A CDMA network may
implement one or more radio technologies such as
cdma2000, Wideband-CDMA (WCDMA), and so on. cdma2000
covers IS-2000, IS-856, IS-95, and other standards. A
TDMA network may implement one or more radio
technologies such as GSM, Enhanced Data rates for
Global Evolution (EDGE), and so on. These various
radio technologies and standards are known in the art.
W-CDMA and GSM are described in documents from a
consortium named "3rd Generation Partnership Project"
(3GPP). cdma2000 is described in documents from a
consortium named "3rd Generation Partnership Project
2" (3GPP2). 3GPP and 3GPP2 documents are publicly
available. [0019] For clarity, the transmission
techniques are specifically described below for a GSM
network, and GSM terminology is used in much of the
description below. A GSM network may be a GSM EDGE
radio access network (GERAN) or some other GSM
network. [0020] FIG. 1 shows a GSM network 100 with
base stations 110 and mobile stations 120. A base
station is generally a fixed station that communicates
with the mobile stations and may also be referred to
as a Node B, a base transceiver subsystem (BTS), an
access point, and/or some other terminology. Each base
station 110 provides communication coverage for a
particular geographic area 102. The term "cell" can
refer 



to a base station and/or its coverage area depending
on the context in which the term is used. A network
controller 130 couples to base stations 110 and
provides coordination and control for these base
stations. Network controller 130 may be a single
network entity or a collection of network entities.
For example, network controller 130 may include a base
station controller (BSC), and mobile switching center
(MSC), and so on.[0021] Mobile stations 120 are
typically dispersed throughout the network, and each
mobile station may be stationary or mobile. A mobile
station may also be referred to as a user equipment, a
terminal, a subscriber station, or some other
terminology. A mobile station may be a cellular phone,
a personal digital assistant (PDA), a wireless
communication device, a handheld device, a wireless
modem, and so on. A mobile station may communicate
with a base station on the downlink and/or uplink. The
downlink (or forward link) refers to the communication
link from the base stations to the mobile stations,
and the uplink (or reverse link) refers to the
communication link from the mobile stations to the
base stations. [0022] The GSM network may operate on
one or more frequency bands such as GSM 900, GSM 1800,
and GSM 1900 bands. Each frequency band covers a
specific range of frequencies and is divided into a
number of 200 kHz RF channels. Each RF channel is
identified by a specific ARFCN (absolute radio
frequency channel number). Table 1 lists the frequency
ranges for the downlink and uplink as well as the
ARFCNs for the GSM 900, GSM 1800, and GSM 1900 bands.
Table 1 [0023] Each base station in the GSM network
transmits data and signaling on a set of RF channels
assigned to that base station by a network operator.
To reduce inter-cell interference, base stations
located near each other are assigned different sets of
RF channels such that the transmissions for these base
stations do not interfere with one another. [0024]
FIG. 2 shows a frame structure in GSM. The timeline
for transmission is divided into superframes. Each
superframe has a duration of 6.12 seconds and includes
1326 TDMA frames. A superframe may be partitioned into
either 51 26-frame multiframes or 26 51-frame
multiframes. The 26-frame multiframes are generally
used 



for traffic channels, and the 51-frame multiframes are
generally used for control channels. Each 26-frame
multiframe spans 120 milliseconds (ms) and includes 26
TDMA frames, which are labeled as TDMA frames 0
through 25. Traffic data may besent in TDMA frames 0
through 11 and TDMA frames 13 through 24 of each
26-frame multiframe. Each 51-frame multiframe spans
235.365 ms and includes 51 TDMA frames, which are
labeled as TDMA frames 0 through 50. [0025] Each TDMA
frame spans 4.615 ms and is partitioned into 8 time
slots, which are labeled as time slots 0 through 7. A
transmission in each time slot is referred to as a
"burst" in GSM. The frame structure for GSM is
described in 3GPP TS 05.01, entitled "Technical
Specification Group GERAN; Digital cellular
telecommunications system (Phase 2+); Physical layer
on the radio path; General description," Release 1999,
November 2001, which is publicly available. [0026] In
an exemplary embodiment, the GSM network supports
multi-carrier operation on the downlink (DL) and/or
uplink (UL). A mobile station may receive data on
multiple RF channels at the same time for
multi-carrier operation on the downlink. The mobile
station may transmit data on multiple RF channels at
the same time for multicarrier operation on the
uplink. The mobile station may be assigned one or more
RF channels for the downlink and one or more RF
channels for the uplink depending on various factors
such as the availability of radio resources, data
requirements and capabilities of the mobile station,
and so on. The terms "RF channels" and "carriers" are
used interchangeably herein. For clarity, much of the
following description relates to multi-carrier
operation for one mobile station. [0027] The mobile
station may be assigned any number of time slots for
each carrier assigned for the downlink and uplink. The
same or different numbers of time slots may be
assigned for different carriers. The mobile station
may be assigned the same number of time slots on all
DL carriers and may then have equal transmission
capabilities on all DL carriers. For example, the
mobile station may receive an assignment of (4 + 4) +
2 time slots, which means four time slots for each of
two DL carriers and two time slots for one UL carrier.
The mobile station may also be assigned different
numbers of time slots for the DL carriers. For
example, the mobile station may receive an assignment
of 



(4 + 2) + 2 time slots, which means four time slots
for one DL carrier, two time slots for another DL
carrier, and two time slots for one UL carrier. The
number of assigned time slots for each link may be
dependent on the various factors such as those noted
above for carrier assignment. Assignments of time
slots and carriers are typically semi-static and
controlled by the GSM network via upper-layer
signaling. [0028] On the downlink, the assigned time
slots may be shared with other mobile stations. The
mobile station is allocated a given assigned time slot
if data is sent to themobile station in that time
slot. A multi-slot allocation is an allocation of more
than one time slot in a TDMA frame to the mobile
station. Allocations of time slots are typically
dynamic and may be controlled on a per packet data
block basis by a Medium Access Control (MAC) layer in
the GSM network. A packet data block may also be
referred to as a message, a packet, a data block, a
Radio Link Control (RLC) block, an RLC/MAC block, or
some other terminology. Each packet data block
includes a header that indicates the intended
recipient of that packet data block. [0029] The mobile
station typically performs call setup with the GSM
network to obtain assignments of carriers and time
slots for the downlink and uplink. The mobile station
performs initial acquisition prior to call setup. For
initial acquisition, the mobile station tunes to a DL
carrier, acquires frequency by processing a frequency
correction channel (FCCH), acquires timing by decoding
a synchronization channel (SCH), and obtains system
information from a broadcast control channel (BCCH).
For call setup, the mobile station attempts to
establish a radio resource (RR) connection by sending
an RR Channel Request message on a random access
channel (RACH). A base station receives the request,
assigns one or more carriers to the mobile station for
each of the downlink and uplink, assigns one or more
time slots for each assigned carrier, and assigns one
or more traffic channels (TCH). The base station also
determines timing advance and frequency correction for
the mobile station based on the received request. The
timing advance corrects for timing error at the mobile
station. The frequency correction accounts for Doppler
shift caused by the mobile station's movement. The
base station then sends the assigned radio resources
(carriers and time slots), timing advance, and
frequency correction on an access grant channel (AGCH)
to the mobile 



station. The mobile station applies the timing advance
and frequency correction so that the uplink
transmissions from the mobile station are aligned in
time and frequency at the base station. The mobile
station then exchanges signaling with the GSM network
to set up the call, e.g., for voice and/or packet
data. Thereafter, the mobile station exchanges data
with the GSM network on the assigned carriers and time
slots. Initial acquisition and call setup are
described in various documents from 3GPP. [0030] In
general, the mobile station may be assigned any number
of carriers on the downlink and any number of carriers
on the uplink. The number of DL carriers may be the
same as or different from the number of UL carriers.
The mobile station may be assigned multiple carriers
on the downlink and/or uplink during call setup. The
mobile station may also be assigned one carrier for
each link initially and may thereafter addmore
carriers for each link as needed. Carrier setup and
tear down may be achieved via Layer 3 signaling, Layer
1 signaling (e.g., similar to a packet-switched
handover), and/or implicit signaling. If the number of
DL carriers is equal to the number of UL carriers and
if there is a fixed mapping between DL and UL
carriers, then the mobile station may send
acknowledgements (ACKs) on an UL carrier in response
to polls received on an associated DL carrier, and
vice versa. If the number of DL carriers is different
than the number of UL carriers, then a mapping between
DL and UL carriers may be used to indicate which
carrier on one link is used to send ACKs for each
carrier on the other link. If the number of UL
carriers is limited to one, then all polls will
implicitly result in polling responses on the one UL
carrier [0031] In an exemplary embodiment, one carrier
on each link is designated as an anchor carrier for
that link and the remaining carriers, if any, are
referred to as auxiliary carriers. The mobile station
may perform call setup via the DL and UL anchor
carriers. The DL anchor carrier may convey assignments
of carriers, time slots, and traffic channels for the
downlink and uplink to the mobile station. The mobile
station may boot up on the anchor carriers and may set
up the auxiliary carriers via the anchor carriers.
[0032] The mobile station acquires the frequency and
timing of each DL carrier assigned to the mobile
station. The frequency and timing of the DL anchor
carrier may 



be acquired based on the FCCH and SCH during initial
acquisition. Since all DL carriers transmitted by a
given base station are typically aligned in time and
frequency, the mobile station may be able to acquire
each of the DL auxiliary carriers more quickly using
the timing and frequency of the DL anchor carrier.
[0033] The mobile station applies the proper timing
advance and frequency correction to each UL carrier
assigned to the mobile station. In one exemplary
embodiment, the UL carriers are assumed to be
correlated, and a common timing advance and a common
frequency correction are used for all UL carriers
assigned to the mobile station. In this exemplary
embodiment, the base station may determine the common
timing advance and the common frequency correction
based on uplink transmissions sent by the mobile
station, e.g., on the UL anchor carrier. For example,
in a packet transfer mode, the mobile station may
transmit random access bursts on an uplink packet
timing advance control channel (PTCCH/U) sent on the
UL anchor carrier. The base station may estimate the
timing advance for the mobile station based on the
random access bursts and may send timing advance
updates for the mobile station on a downlink
packettiming advance control channel (PTCCH/D) sent on
the DL anchor carrier. The mobile station may then
apply the timing advance updates to all carriers. In
another exemplary embodiment, the mobile station
transmits random access bursts on each UL carrier, and
the base station sends separate timing advance updates
for each UL carrier. [0034] The mobile station may
send signaling on the uplink in various manners. In
one exemplary embodiment, the mobile station sends
signaling on the UL anchor carrier. In another
exemplary embodiment, the assigned UL carriers are
associated with the assigned DL carriers. There may be
one-to-one, many-to-one, or one-to-many mapping
between the DL carriers and the UL carriers, e.g.,
depending on the number of carriers assigned for each
link. The mobile station may send signaling for each
DL carrier on the associated UL carrier. [0035] The
mobile station may indicate to the GSM network that it
is synchronized to the auxiliary DL carriers. In one
exemplary embodiment, indications of synchronization
for all DL carriers are sent on the UL anchor carrier.
In another exemplary embodiment, an indication of
synchronization for each DL carrier is sent on 



the associated UL carrier. In yet another exemplary
embodiment, indications of synchronization are
implicit. For example, the GSM network may infer lack
of synchronization from failure to receive ACKs from
the mobile station for packets sent to the mobile
station on the downlink. The indication may also be
conveyed in other manners. [0036] In an exemplary
embodiment, the DL anchor carrier conveys the
following information:  System information (BCCH);
Timing advance (PTCCH/D) for the mobile station; and
Mobile-specific signaling (PACCH) for the mobile
station. [0037] The timing advance may be sent on the
PTCCH/D and may be used for all UL carriers assigned
to the mobile station. In this case, the mobile
station does not need to receive the timing advance on
the DL auxiliary carriers. The mobile-specific
signaling may be sent on a packet associated control
channel (PACCH) and may include ACKs for packet data
blocks sent by the mobile station on the uplink, power
control information, resource assignment and
re-assignment messages, and so on. [0038] FIG. 3 shows
an exemplary embodiment of multi-carrier operation in
the GSM network. In this exemplary embodiment, the
mobile station is assigned N DL carriers 1through N
and M UL carriers 1 through M, where in general N > 1
and M  l . Multiple carriers are assigned for at least
one link in multi-carrier operation, so that N > 1
and/or M > 1. The N DL carriers and M UL carriers may
correspond to any ARFCNs and may be at any
frequencies. In the exemplary embodiment shown in FIG.
3, DL carrier 1 is designated as the DL anchor carrier
and UL carrier 1 is designated as the UL anchor
carrier. For call setup, the mobile station may
receive system information from the BCCH on the DL
anchor carrier, transmit requests on the RACH on the
UL anchor carrier, and receive resource assignment
from the AGCH on the DL anchor carrier. The DL anchor
carrier may also carry the PTCCH/D and PACCH for the
mobile station. The mobile station may receive data on
all or a subset of the N DL carriers, which carry the
downlink TCH(s) for the mobile station. The mobile
station may transmit data on all or a subset of the M
UL carriers. For example, the mobile 



station may receive a semi-static assignment of
multiple (e.g., two) UL carriers, but may be allowed
to transmit only a subset of the multiple UL carriers
(e.g., one UL carrier) in any given transmission
interval, which may be the duration of a radio block,
by uplink status flag (USF)-based scheduling. This
would allow the GSM network to control which UL
carrier is employed by the mobile station within the
radio block granularity. Data and signaling may also
be sent on the downlink and uplink in other manners.
[0039] The carrier(s) for each link may be used to
send voice, packet data, video, and/or other types of
data. Each type of data may be sent in one or more
temporary block flows (TBFs). A TBF is a physical
connection between two RR entities (e.g., the mobile
station and a serving base station) to support data
transfer. A TBF may also be referred to as a data
flow, a data stream, a packet stream, a Radio Link
Control (RLC) flow, or some other terminology.
Different quality of service (QoS) levels may be
achieved for different TBFs based on the requirements
of the underlying data. QoS may be quantified by delay
requirement, peak data rate, average data rate,
delivery option, and so on. For example, a voice flow
may have a short delay requirement, a fixed data rate,
and best effort delivery because of the time sensitive
nature of voice. Packet data may have a longer delay
requirement, a high peak data rate, and guaranteed
delivery. [0040] The mobile station may support
multiple TBFs. In multi-carrier operation, a TBF may
be allocated one or more time slots for one or more
carriers. Multiple data connections with different QoS
levels may be sent in parallel using multiple TBFs.
The TBFs may be sent in various manners. In one
exemplary embodiment, the TBFs are separated by
carriers. For example, one TBF may be sent on each
carrier. As anotherexample, multiple TBFs with low QoS
may be multiplexed onto one carrier to improve
trunking efficiency. This exemplary embodiment may be
useful for QoS planning. In another exemplary
embodiment, a TBF may be sent on more than one
carrier. This exemplary embodiment may allow the TBF
to achieve frequency diversity. [0041] The flows, time
slots, and carriers represent multiple dimensions that
are available for data transmission. Data for
different applications may be mapped to flows in
various manners. Furthermore, the data in each flow
may be sent in the assigned time slots and carriers in
various manners. 



[0042] FIG. 4A shows an exemplary embodiment of a data
transmission scheme 410 in multi-carrier operation. In
the example shown in FIG. 4A, four packet data blocks
A through D are sent on four carriers 1 through 4.
Each packet data block is processed (e.g., formatted,
encoded, interleaved, partitioned, and modulated) to
generate four bursts. In the exemplary embodiment
shown in FIG. 4A, the four bursts for each packet data
block are sent in four time slots with the same index
in four consecutive TDMA frames n through p + 3 on one
carrier. Thus, bursts Al through A4 for packet A are
sent on carrier 1, bursts Bl through B4 for packet B
are sent on carrier 2, bursts Cl through C4 for packet
C are sent on carrier 3, and bursts Dl through D4 for
packet D are sent on carrier 4. This exemplary
embodiment provides time diversity for each packet
data block. [0043] FIG. 4B shows an exemplary
embodiment of a data transmission scheme 420 in
multi-carrier operation. In this exemplary embodiment,
the four bursts for each packet data block are sent in
one time slot of one TDMA frame on all four carriers 1
through 4. Thus, bursts Al through A4 for packet A are
sent on the four carriers in TDMA frame n, bursts Bl
through B4 for packet B are sent on the four carriers
in TDMA frame n + 1, bursts Cl through C4 for packet C
are sent on the four carriers in TDMA frame n +2 , and
bursts Dl through D4 for packet D are sent on the four
carriers in TDMA frame n +3. This exemplary embodiment
provides frequency diversity and also reduces
transmission delays for each packet data block. [0044]
FIG. 4C shows an exemplary embodiment of a data
transmission scheme 430 in multi-carrier operation. In
this exemplary embodiment, the four bursts for each
packet data block are sent in four time slots of four
TDMA frames on four carriers. This exemplary
embodiment provides both time and frequency diversity
for each packet data block.[0045] The multi-carrier
operation may be designed with graceful degradation,
which may be quantified in various manners. First, the
mobile station should not lose a pending call in case
the DL and/or UL anchor carrier is lost. Second, the
mobile station should still be able to send and/or
receive data, possibly at a lower rate, when the DL
and/or UL anchor carrier is lost. 



[0046] The mobile station may detect that it is losing
a DL carrier based on signal level and/or signal
quality of that DL carrier. The mobile station may
report that it has lost the DL carrier. This reporting
may be event triggered, e.g., after some quality
threshold is crossed. The GSM network may switch DL
anchor carrier, if needed, so that signaling (e.g.,
timing advance) can be sent to ensure proper
operation. [0047] If the mobile station is assigned
two carriers for a given link and the anchor carrier
is lost, then the auxiliary carrier may automatically
become the new anchor carrier. If the mobile station
is assigned more than two carriers and the anchor
carrier is lost, then one of the auxiliary carriers
may automatically become the new anchor carrier. The
auxiliary carriers for each link may be ranked (e.g.,
based on channel qualities) by the GSM network and/or
the mobile station. Whenever the anchor carrier is
lost, the best auxiliary carrier (e.g., the highest
rank auxiliary carrier) may become the new anchor
carrier. [0048] The GSM network may handle switching
of anchor carrier among the assigned carriers for each
link. The anchor switching may be performed in a
manner to reduce risk of losing signaling. For
example, the mobile station may send signaling to the
GSM network when it misses the timing advance sent on
the PTCCH/D on the DL anchor carrier and may then
listen for timing advance from the PTCCH/D on the best
or designated DL auxiliary carrier. If mobile-specific
signaling is sent on only the DL anchor carrier, then
the GSM network may hold the signaling while a switch
in the DL anchor carrier is being made and may send
the signaling after the switch is completed. [0049]
The mobile station may operate in a dual transfer mode
(DTM) that supports simultaneous voice and packet
data. For a voice + packet data call, voice (or both
voice and packet data) may be sent on the anchor
carrier and packet data may be sent on the auxiliary
carrier(s). Voice may also be moved from one carrier
to another carrier, if needed, to achieve the desired
performance. For example, if the carrier currently
used for voice is worsening in quality while another
carrier is improving in quality, then voice may be
switched to the improving carrier. As another example,
if one carrier is lost, then voice may be preserved
via carrier swapping, if necessary, and may be sent
onthe best available carrier. The switching of
carriers for voice may track the switching of 



anchor carrier or may be independent of anchor
switching. [0050] The mobile station may make
measurements for the DL carriers assigned to the
mobile station, the DL carriers for the serving base
station, and/or the DL carriers for neighbor base
stations. The measurements may be for received signal
level (RXLEV), received signal quality (RXQUAL), mean
bit error probability (MEAN_ BEP), coefficient of
variation of bit error probability (CVJBEP), and/or
other quantities. RXLEV, RXQUAL, MEAN_ BEP, and CVJBEP
are described in 3GPP TS 45.008, entitled "Digital
cellular telecommunications system (Phase 2+); Radio
subsystem link control," Release 6, June 2005, which
is publicly available. The measurements may be used to
assign DL carriers to the mobile station, for link
adaptation, and/or for other purposes. Link adaptable
refers to the selection of a suitable rate (e.g., code
rate, modulation scheme, and block size) based on
transmission capability of a given radio resource.
[0051] The mobile station may make and report
measurements in various manners. In one exemplary
embodiment, the mobile station makes measurements for
each DL carrier assigned to the mobile station and
sends measurement reports for all assigned DL
carriers. The mobile station may send on the UL anchor
carrier a single message that carries the measurement
reports for all DL carriers. The mobile station may
also send separate measurement report messages on the
UL anchor and auxiliary carriers. In another exemplary
embodiment, the mobile station makes and reports
measurements for only the DL anchor carrier. In this
exemplary embodiment, the quality of the DL auxiliary
carriers may be inferred from the quality of the DL
anchor carrier. The mobile station may also make and
report measurements for a subset of the assigned DL
carriers. In general, the mobile station may make
measurements for any DL carrier and may send
measurement reports periodically or whenever changes
are detected. [0052] In various exemplary embodiments
described above, the mobile station has a DL anchor
carrier and an UL anchor carrier that are designated
to carry certain signaling on the downlink and uplink,
respectively. In another exemplary embodiment, anchor
carriers are not used for the downlink and uplink. For
example, the DL carriers may 



operate independently of one another, and the UL
carriers may also operate independently of one
another. The DL carriers may be associated with the UL
carriers so that signaling may be sent on each link to
facilitate multi-carrier operation. In yet another
exemplary embodiment, an anchor carrier is designated
for the downlink, but noanchor carrier is designated
for the uplink. In yet another exemplary embodiment,
an anchor carrier is designated for the uplink, but no
anchor carrier is designated for the downlink. [0053]
The TCH, PTCCH, PACCH, FCCH, SCH, BCCH, RACH and AGCH
are some of the logical channels supported by GSM.
These logical channels are mapped to physical
channels. The multiple-access scheme in GSM is TDMA
with eight basic physical channels per carrier. A
physical channel is defined as a sequence of TDMA
frames, a time slot number/index that is within a
range of 0 to 7, and a frequency hopping sequence that
indicates a specific carrier to use for each TDMA
frame. [0054] The GSM network may utilize frequency
hopping to achieve diversity. With frequency hopping,
a physical channel hops from carrier to carrier in
different TDMA frames as indicated by the frequency
hopping sequence. Frequency hopping for an assignment
of one carrier is described in the aforementioned 3GPP
TS 05.01. With a single-carrier assignment, data is
sent on only one carrier in a given TDMA frame even
though multiple carriers may be used for data
transmission in different TDMA frames. If frequency
hopping is not utilized, then the frequency hopping
sequence indicates the same carrier for all TDMA
frames. [0055] With a multi-carrier assignment, data
may be sent on multiple carriers in a given TDMA
frame. Frequency hopping for an assignment of multiple
carriers may be performed in various manners. In one
exemplary embodiment, each physical channel in the
multi-carrier assignment hops in the same manner as a
physical channel in a singlecarrier assignment. In
this exemplary embodiment, the multi-carrier
assignment may be viewed as being composed of multiple
assignments of a single physical channel for a single
carrier. In other exemplary embodiments, the multiple
physical channels in the multi-carrier assignment may
hop in different manners. [0056] FIG. 5A shows an
exemplary embodiment of a frequency hopping scheme 510



in which multiple (e.g., four) physical channels hop
based on a single frequency hopping sequence. Each
square box in FIG. 5A represents one TDMA frame of one
carrier. The number within each square box indicates
the physical channel being sent in the TDMA frame of
the carrier for that box. In the exemplary embodiment
shown in FIG. 5A, the carrier used for physical
channel 1 in TDMA frame n is determined by the
frequency hopping sequence and is denoted as C1(n) .
The carrier used for physical channel k, for = 2, 3, 4
, in TDMA frame n may be given as:Ck (n) ={[Cl (n) +k
-2] mod 4 }+ l . In this exemplary embodiment, the
physical channels are separated by a constant distance
across frequency, except when a wrap around occurs.
For example, physical channels 1 and 2 are separated
by one carrier, physical channels 1 and 3 are
separated by two carriers, and so on. [0057] FIG. 5B
shows an exemplary embodiment of a frequency hopping
scheme 520 in which multiple (e.g., four) physical
channels hop based on different frequency hopping
sequences. The carrier used for each physical channel
in each TDMA frame is indicated in FIG. 5B. In the
exemplary embodiment shown in FIG. 5B, the physical
channels are separated by variable distances that
change from TDMA frame to TDMA frame. [0058] In
general, frequency hopping for multiple physical
channels in a multi-carrier assignment may be achieved
in various manners with one or more frequency hopping
sequences. The hopping is such that the physical
channels for the mobile station do not collide with
one another and also do not collide with the physical
channels assigned to other mobile stations
communicating with the same base station. [0059] The
mobile station may have a single receiver or multiple
receivers. Each receiver may be coupled to a separate
antenna, or more than one receiver may share a common
antenna. Each receiver may be able to process a
downlink signal from a base station. If two receivers
are available, then the mobile station may use these
receivers to increase data throughput and/or reduce
interruption during handover and cell reselection. The
mobile station may perform handover from a serving
base station to a target base station while in a
traffic state, e.g., if the signal quality of the
target base station is better than the signal quality
of the serving base station. While in an idle state, 



the mobile station may perform cell reselection from a
serving base station in the GSM network to a target
base station in the GSM network or a 3GPP or 3GPP2
network. For both handover and cell reselection, the
mobile station may have one receiver tuned to the
serving base station and the other receiver tuned to
the target base station during a transition phase. The
mobile station would then be able to receive signaling
from the target base station without missing data
and/or signaling from the serving base station. The
mobile station may send signaling to the serving base
station to inform the GSM network that the mobile
station will no longer be receiving one or more of the
assigned carriers. The GSM network may then send data
and/or signaling to the mobile station on the
carrier(s) that the mobile station is still
receiving.[0060] FIG. 6 shows an exemplary embodiment
of a process 600 for transmitting data in
multi-carrier operation. The mobile station performs
call setup with the GSM network (block 612). The
mobile station receives an assignment of multiple
carriers (or RF channels) for a first link in the GSM
network (block 614). The mobile station receives an
assignment of at least one carrier for a second link
in the GSM network (block 616). The first link may be
the downlink, and the second link may be the uplink.
Alternatively, the first link may be the uplink, and
the second link may be the downlink. The mobile
station exchanges data with the GSM network via the
multiple carriers for the first link and the at least
one carrier for the second link (block 618). [0061]
One carrier for the downlink may be designated as a
downlink anchor carrier that is used to send signaling
from the GSM network to the mobile station. The mobile
station may receive timing advance for the uplink
carrier(s) on the PTCCH, mobilespecific signaling on
the PACCH, system information on the BCCH, and/or
other information sent on the downlink anchor carrier.
One carrier for the uplink may be designated as an
uplink anchor carrier that is used to send signaling
from the mobile station to the GSM network. The mobile
station may perform call setup via the downlink and
uplink anchor carriers and may set up remaining
carriers via the downlink and uplink anchor carriers.
The mobile station may also concurrently set up all
downlink and uplink carriers. [0062] Data may be sent
on the downlink and uplink in various manners.
Multiple 



packet data blocks may be sent on multiple carriers
with time and/or frequency diversity. Multiple bursts
for each packet data block may be sent (1) in multiple
frames on one carrier, e.g., as shown in FIG. 4A, (2)
on multiple carriers in one frame, e.g., as shown in
FIG. 4B, or (3) in multiple frames on multiple
carriers, e.g., as shown in FIG. 4C. Multiple flows of
data may also be sent on multiple carriers. Each flow
may be sent with a particular QoS selected for that
flow. Each flow may also be sent on one carrier to
simplify operation or across more than one carrier to
achieve frequency diversity. [0063] The mobile station
may make measurements for each downlink carrier and
may sent measurement reports to the GSM network. The
mobile station may also send a report whenever a
carrier is detected to be lost. The GSM network may
use the reports for carrier assignment, link
adaptation, and/or other purposes. [0064] The mobile
station may detect loss of the downlink anchor
carrier. Another downlink carrier may then be
designated as a new downlink anchor carrier. The
carriersfor each link may be ranked, e.g., based on
signal level or signal quality. The highest ranking
carrier may be designated as a new anchor carrier if
the current anchor carrier is lost. [0065] Frequency
hopping may be independently enabled or disabled for
each of the downlink and uplink. The mobile station
may perform frequency hopping for data sent on
multiple carriers for a given link based on a single
frequency hopping sequence (e.g., as shown in FIG. 5A)
or multiple frequency hopping sequences having
variable distance across frequency (e.g., as shown in
FIG. 5B). [0066] The mobile station may have multiple
(e.g., two) receivers. The mobile station may use one
receiver to receive a first signal on a first set of
carrier(s) from a first base station and may use
another receiver to receive a second signal on a
second set of carrier(s) from a second base station,
e.g., during handover or cell reselection. The mobile
station may use all receivers to receive signal from
the serving base station when not in handover to
achieve higher throughput and/or receive diversity.
[0067] FIG. 7 shows a block diagram of an exemplary
embodiment of a base station 110 and a mobile station
120. For the downlink, at base station 110, an encoder
710 



receives traffic data and signaling (e.g., carrier and
time slot assignments and timing advances) for mobile
stations being served by base station 110 and overhead
data (e.g., system information). Encoder 710 processes
(e.g., encodes, interleaves, and symbol maps) the
traffic data, signaling, and overhead data and
generates output data for various logical channels,
e.g., the FCCH, SCH, BCCH, TCH, PTCCH/D, PACCH and
AGCH. A modulator 712 processes the output data for
the logical channels and generates bursts. Modulator
712 may multiplex the bursts onto the DL carriers in
various manners, e.g., as shown in FIGS. 4A through
4C. A transmitter (TMTR) 714 conditions (e.g.,
converts to analog, amplifies, filters, and frequency
upconverts) the bursts and generates a downlink
signal, which is transmitted via an antenna 716.
[0068] At mobile station 120, an antenna 752 receives
the downlink signal from base station 110 as well as
downlink signals from other base stations and provides
a received signal to a receiver (RCVR) 754. Receiver
754 conditions (e.g., filters, amplifies, frequency
downconverts, and digitizes) the received signal and
provides data samples. A demodulator (Demod) 756
processes the data samples and provides symbol
estimates. In an exemplary embodiment, receiver 754
and/or demodulator 756 perform filtering to pass all
DL carriers assigned to mobile station 120. A decoder
758 processes (e.g., symbol demaps, deinterleaves, and
decodes) the symbol estimates and provides decodeddata
for the traffic data and signaling sent by base
station 110 to mobile station 120. Demodulator 756 and
decoder 758 may perform demodulation and decoding
separately for each DL carrier or jointly for all DL
carriers, depending on the manner in which the bursts
are sent. [0069] On the uplink, at mobile station 120,
an encoder 770 processes traffic data and signaling
(e.g., radio resource requests, random access bursts,
and measurement reports) and generates output data for
various logical channels, e.g., the TCH, PTCCH/U and
RACH. A modulator 772 further processes the output
data and generates bursts. A transmitter 774
conditions the bursts and generates an uplink signal,
which is transmitted via antenna 752. At base station
110, the uplink signals from mobile station 120 and
other mobile stations are received by antenna 716,
conditioned by a receiver 730, processed by a
demodulator 732, and further processed by a decoder
734 to recover 



the traffic data and signaling sent by each mobile
station. [0070] Controllers/processors 720 and 760
direct the operation at base station 110 and mobile
station 120, respectively. Memories 722 and 762 store
data and program codes for base station 110 and mobile
station 120, respectively. A scheduler 724 may assign
carriers and time slots to mobile stations and may
schedule the mobile stations for data transmission on
the downlink and uplink. [0071] Those of skill in the
art would understand that information and signals may
be represented using any of a variety of different
technologies and techniques. For example, data,
instructions, commands, information, signals, bits,
symbols, and chips 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
combination thereof. [0072] Those of skill would
further appreciate that the various illustrative
logical blocks, modules, circuits, and algorithm steps
described in connection with the exemplary embodiments
disclosed herein may be implemented as electronic
hardware, computer software, or combinations of both.
To clearly illustrate this interchangeability of
hardware and software, various illustrative
components, blocks, modules, circuits, and steps have
been described above generally in terms of their
functionality. Whether such functionality is
implemented as hardware or software depends upon the
particular application and design constraints imposed
on the overall system. Skilled artisans may implement
the described functionality in varying ways for each
particular application,but such implementation
decisions should not be interpreted as causing a
departure from the scope of the present invention.
[0073] The various illustrative logical blocks,
modules, and circuits described in connection with the
exemplary embodiments disclosed herein may be
implemented or performed with a general-purpose
processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a
field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor
logic, discrete hardware components, or any
combination thereof designed to perform the functions
described herein. A general-purpose processor may be a
microprocessor, but in the alternative, 



the processor may be any conventional processor,
controller, microcontroller, or state machine. A
processor may also be implemented as a combination of
computing devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core,
or any other such configuration. [0074] The steps of a
method or algorithm described in connection with the
exemplary embodiments disclosed herein may be embodied
directly in hardware, in a software module executed by
a processor, or in a combination of the two. A
software module may reside in RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a CD-ROM, or
any other form of storage medium known in the art. An
exemplary storage medium is coupled to the processor
such that the processor can read information from, and
write information to, the storage medium. In the
alternative, the storage medium may be integral to the
processor. The processor and the storage medium may
reside in an ASIC. The ASIC may reside in a user
terminal. In the alternative, the processor and the
storage medium may reside as discrete components in a
user terminal. [0075] The previous description of the
disclosed exemplary embodiments is provided to enable
any person skilled in the art to make or use the
present invention. Various modifications to these
exemplary embodiments will be readily apparent to
those skilled in the art, and the generic principles
defined herein may be applied to other exemplary
embodiments without departing from the spirit or scope
of the invention. Thus, the present invention is not
intended to be limited to the exemplary embodiments
shown herein but is to be accorded the widest scope
consistent with the principles and novel features
disclosed herein.WHATIS CLAIMED IS:CLAIMS 1. An
apparatus comprising: at least one processor to
receive an assignment of multiple carriers for a first
link in a Global System for Mobile Communications
(GSM) network, to receive an assignment of at least
one carrier for a second link in the GSM network, and
to exchange data with the GSM network via the multiple
carriers for the first link and the 



at least one carrier for the second link; and a memory
coupled to the at least one processor. 2. The
apparatus of claim 1, wherein the first link is a
downlink and the second link is an uplink in the GSM
network. 3. The apparatus of claim 1, wherein the
first link is an uplink and the second link is a
downlink in the GSM network. 4. The apparatus of claim
2, wherein the at least one processor receives
multiple packet data blocks on the multiple carriers
for the downlink and receives multiple bursts on one
carrier for each of the packet data blocks. 5. The
apparatus of claim 2, wherein the at least one
processor receives multiple packet data blocks on the
multiple carriers for the downlink and receives
multiple bursts on the multiple carriers in one frame
for each of the packet data blocks. 6. The apparatus
of claim 2, wherein the at least one processor
receives multiple packet data blocks on the multiple
carriers for the downlink and receives multiple bursts
in multiple frames on the multiple carriers for each
of the packet data blocks. 7. The apparatus of claim
2, wherein the at least one processor receives
multiple flows of data on the multiple carriers for
the downlink, and wherein each flow is sent on one
carrier with a quality of service (QoS) selected for
the flow.8. The apparatus of claim 3, wherein the at
least one processor sends data on only a subset of the
multiple carriers for the uplink in a given
transmission interval. 9. The apparatus of claim 2,
wherein one of the multiple carriers for the downlink
is designated as a downlink anchor carrier used to
send signaling from the GSM network to a mobile
station. 10. The apparatus of claim 9, wherein the at
least one processor receives timing advance for the at
least one carrier for the uplink from the downlink
anchor carrier. 11. The apparatus of claim 9, wherein
the at least one processor receives mobile-specific
signaling for the mobile station from the downlink
anchor carrier. 12. The apparatus of claim 11, wherein
the mobile-specific signaling 



comprises acknowledgements for packets sent on the
uplink, resource assignment messages, resource
re-assignment messages, or a combination thereof. 13.
The apparatus of claim 9, wherein the at least one
processor receives a packet timing advance control
channel (PTCCH) and a packet associated control
channel (PACCH) on the downlink anchor carrier. 14.
The apparatus of claim 9, wherein one of the at least
one carrier for the uplink is designated as an uplink
anchor carrier used to send signaling from the mobile
station to the GSM network. 15. The apparatus of claim
1, wherein the at least one processor exchanges voice
data and packet data with the GSM network for a voice
plus packet data call. 16. The apparatus of claim 1,
wherein the at least one processor exchanges voice
data on one carrier for the first link and one carrier
for the second link and moves the voice data to other
carriers for the first and second links, if necessary,
to achieve reliable exchange of the voice data.17. The
apparatus of claim 9, wherein the at least one
processor exchanges voice data with the GSM network on
the downlink anchor carrier and exchanges packet data
with the GSM network on remaining downlink carriers.
18. The apparatus of claim 14, wherein the at least
one processor performs call setup via the downlink and
uplink anchor carriers and sets up remaining carriers
for the downlink and uplink via the downlink and
uplink anchor carriers. 19. The apparatus of claim 2,
wherein the at least one processor obtains
measurements for each of the multiple carriers for the
downlink and sends measurement reports for the
multiple carriers to the GSM network. 20. The
apparatus of claim 9, wherein the at least one
processor detects loss of the downlink anchor carrier
and sends to the GSM network an indication that the
downlink anchor carrier is lost, and wherein another
one of the multiple carriers for the downlink is
designated as a new downlink anchor carrier. 21. The
apparatus of claim 20, wherein the multiple carriers
for the downlink are ranked, and wherein a highest
ranking carrier is designated as the new downlink
anchor carrier. 



22. The apparatus of claim 1, wherein the at least one
processor performs frequency hopping for data sent on
the multiple carriers for the first link based on a
single frequency hopping sequence. 23. The apparatus
of claim 1, wherein the at least one processor
performs frequency hopping for data sent on the
multiple carriers for the first link based on multiple
frequency hopping sequences having variable distance
across frequency. 24. The apparatus of claim 1,
further comprising: a first receiver to receive a
first signal on a first set of at least one carrier
from a first base station; and a second receiver to
receive a second signal on a second set of at least
one carrier from a second base station.25. The
apparatus of claim 24, wherein the first and second
receivers receive the first and second signals from
the first and second base stations, respectively,
during handover or cell reselection. 26. A method
comprising: receiving an assignment of multiple
carriers for a downlink in a Global System for Mobile
Communications (GSM) network; receiving an assignment
of at least one carrier for an uplink in the GSM
network; and exchanging data with the GSM network via
the multiple carriers for the downlink and the at
least one carrier for the uplink. 27. The method of
claim 26, wherein one of the multiple carriers for the
downlink is designated as a downlink anchor carrier
used to send signaling from the GSM network to a
mobile station. 28. The method of claim 27, further
comprising: receiving from the downlink anchor carrier
timing advance for the at least one carrier for the
uplink. 29. The method of claim 27, further
comprising: detecting loss of the downlink anchor
carrier; and sending to the GSM network an indication
that the downlink anchor carrier is 



lost, and wherein another one of the multiple carriers
for the downlink is designated as a new downlink
anchor carrier. 30. The method of claim 27, wherein
one of the at least one carrier for the uplink is
designated as an uplink anchor carrier used to send
signaling from the mobile station to the GSM network,
the method further comprising: performing call setup
via the downlink and uplink anchor carriers; and
setting up remaining carriers for the downlink and
uplink via the downlink and uplink anchor carriers.31.
An apparatus comprising: means for receiving an
assignment of multiple carriers for a downlink in a
Global System for Mobile Communications (GSM) network;
means for receiving an assignment of at least one
carrier for an uplink in the GSM network; and means
for exchanging data with the GSM network via the
multiple carriers for the downlink and the at least
one carrier for the uplink. 32. The apparatus of claim
31, wherein one of the multiple carriers for the
downlink is designated as a downlink anchor carrier
used to send signaling from the GSM network to a
mobile station. 33. The apparatus of claim 32, further
comprising: means for receiving from the downlink
anchor carrier timing advance for the at least one
carrier for the uplink. 34. The apparatus of claim 32,
further comprising: means for detecting loss of the
downlink anchor carrier; and means for sending to the
GSM network an indication that the downlink anchor
carrier is lost, and wherein another one of the
multiple carriers for the downlink is designated as a
new downlink anchor carrier. 35. The apparatus of
claim 32, wherein one of the at least one carrier for
the uplink is designated as an uplink anchor carrier
used to send signaling from the mobile station to the
GSM network, the apparatus further comprising: means
for performing call setup via the downlink and uplink
anchor carriers; and 



means for setting up remaining carriers for the
downlink and uplink via the downlink and uplink anchor
carriers. 36. An apparatus comprising: at least one
processor to assign multiple carriers for a first link
to a mobile station in a Global System for Mobile
Communications (GSM) network, to assign at least one
carrier for a second link to the mobile station, and
to exchange data with themobile station via the
multiple carriers for the first link and the at least
one carrier for the second link; and a memory coupled
to the at least one processor. 37. The apparatus of
claim 36, wherein the first link is a downlink and the
second link is an uplink, and wherein one of the
multiple carriers for the downlink is designated as a
downlink anchor carrier used to send signaling from
the GSM network to the mobile station. 38. The
apparatus of claim 37, wherein the at least one
processor sends timing advance for the at least one
carrier for the uplink on the downlink anchor carrier
to the mobile station. 39. The apparatus of claim 37,
wherein the at least one processor receives from the
mobile station an indication of loss of the downlink
anchor carrier, and wherein another one of the
multiple carriers for the downlink is designated as a
new downlink anchor carrier. 40. The apparatus of
claim 37, wherein one of the at least one carrier for
the uplink is designated as an uplink anchor carrier
used to send signaling from the mobile station to the
GSM network, and wherein the at least one processor
performs call setup with the mobile station via the
downlink and uplink anchor carriers. 


