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DUPLEX OPERATION IN A CELLULAR
COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of and is based
upon and claims the benefit of priority under 35 U.S.C. §120
for U.S. Ser. No. 13/946,416, filed Jul. 19, 2013 which is a
continuation of U.S. Ser. No. 11/240,720, filed Sep. 30, 2005
(now U.S. Pat. No. 8,493,926), and claims the benefit of
priority under 35 U.S.C. §119 from UK application GB
0517128.5 filed Aug. 19, 2005. The entire contents of which
are incorporated herein by reference.

TECHNICAL FIELD

[0002] The invention relates to duplex operation in a cellu-
lar communication system and in particular, but not exclu-
sively, to selection of a suitable duplex operation in a 3rd
Generation cellular communication system.

BACKGROUND ART

[0003] In acellular communication system a geographical
region is divided into a number of cells each of which is
served by a base station. The base stations are interconnected
by a fixed network which can communicate data between the
base stations. A mobile station is served via a radio commu-
nication link by the base station of the cell within which the
mobile station is situated.

[0004] As a mobile station moves, it may move from the
coverage of one base station to the coverage of another, i.e.
from one cell to another. As the mobile station moves towards
a base station, it enters a region of overlapping coverage of
two base stations and within this overlap region it changes to
be supported by the new base station. As the mobile station
moves further into the new cell, it continues to be supported
by the new base station. This is known as a handover or
handoff of a mobile station between cells.

[0005] A typical cellular communication system extends
coverage over typically an entire country and comprises hun-
dreds or even thousands of cells supporting thousands or even
millions of mobile stations. Communication from a mobile
station to a base station is known as uplink, and communica-
tion from a base station to a mobile station is known as
downlink.

[0006] The fixed network interconnecting the base stations
is operable to route data between any two base stations,
thereby enabling a mobile station in a cell to communicate
with a mobile station in any other cell. In addition, the fixed
network comprises gateway functions for interconnecting to
external networks such as the Public Switched Telephone
Network (PSTN), thereby allowing mobile stations to com-
municate with landline telephones and other communication
terminals connected by a landline. Furthermore, the fixed
network comprises much of the functionality required for
managing a conventional cellular communication network
including functionality for routing data, admission control,
resource allocation, subscriber billing, mobile station authen-
tication etc.

[0007] Currently, the most ubiquitous cellular communica-
tion system is the 2nd generation communication system
known as the Global System for Mobile communication
(GSM). Further description of the GSM TDMA communica-
tion system can be found in ‘The GSM System for Mobile
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Communications’ by Michel Mouly and Marie Bernadette

Pautet, Bay Foreign Language Books, 1992, ISBN
2950719007.
[0008] 3rd generation systems are currently being rolled

out to further enhance the communication services provided
to mobile users. One such system is the Universal Mobile
Telecommunication System (UMTS), which is currently
being deployed. Further description of CDMA and specifi-
cally of the Wideband CDMA (WCDMA) mode of UMTS
can be found in “WCDMA for UMTS’, Harri Holma (editor),
Antti Toskala (Editor), Wiley & Sons, 2001, ISBN
0471486876. Third generation cellular communication sys-
tems are standardized in the 3" Generation Partnership
Project (3GPP).

[0009] In a cellular communication system, user equip-
ments attach to one (or more) base stations wirelessly. User
equipments attach to base stations according to parameters
such as signal quality for the base station, system information
signaled from the base station (where the system information
can contain parameters such as the identity of the network
operator), handover commands from the network (where a
base station may force a user equipment to attach to a differ-
ent network due to issues such as relative signal quality, traffic
load on base stations etc.) etc.

[0010] FIG. 1 illustrates an example of user equipments
attaching to base stations of two different networks. The
figure further illustrates that the two networks broadcast sys-
tem information to all user equipments in the geographical
area covered by the networks. The user equipments attach to
base stations, not only on the basis of signal strength etc., but
also on the basis of the network identity that is broadcast in
this system information (hence subscribers to the first net-
work only attach to base stations of the first network and
subscribers of the second network only attach to base stations
of the second network). The dashed lines in FIG. 1 illustrate
the attachments between the user equipments and the base
stations.

[0011] In 3GPP, a user equipment searching for a cell to
attach to will generally attempt to attach to the cell from a
preconfigured list that meets certain quality criteria (such as
signal strength). The user equipment may for example com-
prise a preconfigured list of possible frequencies for suitable
candidate cells (these frequencies can be programmed in a
Subscriber Identity Module (SIM) where the SIM allows an
operator to customize the user equipment to only search the
frequencies that belong to that network operator). When a
user equipment has identified a suitable cell, it will camp onto
this and will extract the downlink frequency from the precon-
figured list.

[0012] The 3GPP specifications specify that for the Fre-
quency Duplex Division (FDD) mode of 3GPP, the uplink and
downlink frequencies are paired according to an explicit rela-
tionship. Methods of signaling the uplink frequency on down-
link messages are also considered for extensions of 3GPP to
new frequency bands, e.g. in technical recommendation
TR25.889. Thus, if the downlink frequency is known, so is the
uplink frequency.

[0013] Inthe Time Division Duplex (TDD) mode of 3GPP,
only a single frequency is used for uplink and downlink and
the separation between these is achieved in the time domain.
Thus, TDD utilizes an unpaired spectrum approach where the
same frequency is used in both directions. In such systems,
the base stations broadcast system information which con-
tains characteristics of the random access channel and in
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particular this information comprises the timeslot number
where RACH (Random Access CHannel) transmissions are
to be sent, a list of channelization codes that are to be used for
the RACH etc.

[0014] For FDD mode, the transmitted system information
comprises information such as the details of the RACH pre-
ambles and available signature sequences. When the user
equipment wishes to send a random access channel message,
it transmits a signature sequence of length 12 timeslots. Upon
receiving an acknowledgement for the preamble, the user
equipment then transmits a RACH message thatis either of 15
timeslots or 30 timeslots duration (i.e. it sends a RACH for
either one or two whole frames).

[0015] In cellular communication systems, different
duplexing modes may be used. In particular, the following
two broad classifications may be used:

[0016] Full Duplex (FD) mode. In full duplex mode, the
base station and the user equipment can transmit at the same
time. Thus, uplink and downlink transmissions may occur
simultaneously for a single user equipment. Orthogonality
between the uplink and downlink is achieved by assigning the
uplink for transmission on one frequency and the downlink
for transmission on another frequency. Full duplex mode
hence uses a paired spectrum approach.

[0017] HalfDuplex (HD)mode. Inhalf duplex mode, trans-
missions from a base station to a user equipment never occur
simultaneously with transmissions from a user equipment to
the base station. Thus, for a single user equipment, uplink and
downlink transmissions are never simultaneous. Orthogonal-
ity between uplink and downlink transmissions can specifi-
cally be maintained by assigning uplink transmissions to
some timeslots and downlink transmissions to other
timeslots. The half duplex mode can be used with both paired
and unpaired spectrum allocations:

[0018] Unpaired Spectrum. Unpaired spectrum uses a
single carrier both for uplink transmissions and downlink
transmissions and these are separated in time. Both the user
equipment and the base station operate strictly in half duplex
mode, i.e. both the user equipment and base station either
transmit or receive on the carrier frequency but do not simul-
taneously transmit and receive.

[0019] Paired Spectrum. Paired spectrum uses a different
frequency carrier for uplink and downlink. Thus, the uplink
and downlink are separated in the frequency domain and is
further for the individual user equipment separated in the time
domain by the half duplex mode of operation. The user equip-
ment operates in a strict half duplex mode where it either
transmits or receives. The base station operates in a half
duplex mode with respect to any one user equipment, i.e. it
either transmits or receives to each user equipment, but can
transmit and receive at the same time. Specifically, the base
station may transmit to one user equipment while receiving
from another user equipment but will never transmit and
receive simultaneously for the same user equipment.

[0020] The use of different duplexing schemes including
paired/unpaired spectrum and half duplex/full duplex modes
provides a high degree of flexibility and allows systems to be
designed to meet various preferences and requirements.
However, conventional systems also have a number of disad-
vantages.

[0021] For example, it is necessary for base stations and
user equipments to be compatible with each other and thus to
use the same duplexing functionality. For example, a base
station may transmit system information in a way that is
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compatible with the duplexing scheme employed by the base
station, and this may be received and decoded by a user
equipment using the same duplexing scheme. However, if the
user equipment uses a different duplexing scheme, it will not
be able to receive the transmissions and therefore will not be
able to attach to the base station.

[0022] User equipments are known which can support a
number of different duplexing capabilities. Such a user equip-
ment must monitor all the duplexing schemes that it can
support in order to determine a suitable duplexing scheme for
the base station to which it is attempting to attach. Such an
approach is inflexible and results in high equipment complex-
ity and complex operation.

[0023] Furthermore, known approaches do not allow a full
utilization of the duplexing capabilities of the base stations
and the user equipments. For example, scheduling by the
network may not be able to flexibly adapt to, and select
between, a plurality of different duplexing capabilities in
order to optimize performance.

[0024] Hence, an improved system would be advantageous
and in particular a system allowing increased flexibility,
improved utilization of duplexing capabilities, improved
adaptation, reduced complexity, facilitated operation,
improved compatibility and/or improved performance would
be advantageous.

SUMMARY OF THE INVENTION

[0025] Accordingly, the Invention seeks to preferably miti-
gate, alleviate or eliminate one or more of the above men-
tioned disadvantages singly or in any combination.

[0026] According to a first aspect of the invention, there is
provided a cellular communication system comprising base
stations supporting user equipments, the cellular communi-
cation system comprising: a first base station serving at least
a first user equipment and comprising means for transmitting
a base station duplex capability message to user equipments
using a common transmission format, the common transmis-
sion format being common to a plurality of duplex modes.
[0027] The invention allows improved performance in a
cellular communication system. An improved utilization of
duplexing capabilities may be achieved. Improved interaction
and/or coexistence of equipment having different duplexing
capabilities may be achieved. A facilitated cell attachment for
user equipments may in particular be achieved. For example,
asingle monitoring of base station duplexing capability infor-
mation may be performed and the requirement for individual
monitoring of different transmissions for different duplexing
modes may be obviated or reduced.

[0028] According to an optional feature of the invention, a
first of the plurality of duplex modes is a paired spectrum
duplex mode using paired uplink and downlink frequency
carriers and a second of the plurality of duplex modes is an
unpaired spectrum duplex mode using a single frequency
carrier for uplink and downlink.

[0029] Theinvention may allow improved performance ina
system using both paired and unpaired spectrum duplex
modes. An improved and/or facilitated interaction or coexist-
ence between equipment using paired spectrum duplex mode
and equipment using unpaired spectrum duplex mode may be
achieved. The paired spectrum duplex mode may utilize one
frequency for uplink transmissions and a different paired
frequency for the downlink transmissions. The unpaired
spectrum duplex mode may use the same frequency carrier
for both uplink and downlink transmissions.
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[0030] According to an optional feature of the invention, a
first duplex mode of the plurality of duplex modes is a half
duplex mode and a second duplex mode of the plurality of
duplex modes is a full duplex mode.

[0031] Theinvention may allow improved performanceina
system using both half duplex and full duplex modes. An
improved and/or facilitated interaction or coexistence
between equipment using half duplex mode and equipment
using full duplex mode may be achieved. In half duplex mode,
uplink and downlink transmissions do not coincide for an
individual user equipment. In full duplex mode, uplink and
downlink transmissions may coincide for the same individual
user equipment.

[0032] According to an optional feature of the invention,
the first and second duplex modes are paired spectrum duplex
modes.

[0033] The invention may allow improved performance in
communication systems using both half duplex and full
duplex paired spectrum communications. For example, some
user equipments utilizing paired spectrum communication
may be able to receive and transmit simultaneously whereas
other user equipments may not be able to do so. In such
systems, individual optimization may be provided.

[0034] According to an optional feature of the invention,
the common transmission format comprises one or more
common transmission parameters from the group consisting
of:

[0035] a. channel bandwidth;

[0036] b. coding rate;

[0037] c. modulation scheme;

[0038] d. ninterleaving;

[0039] e. coding scheme; and

[0040] f. timing.

[0041] This may allow reduced complexity and/or facili-

tated operation. Specifically, in some embodiments, simpli-
fied receive operation for the user equipment may be achieved
resulting in reduced complexity and/or reduced processing
resource requirements.

[0042] According to an optional feature of the invention,
the first user equipment comprises: means for receiving the
base station duplex capability message; means for determin-
ing at least one transmit characteristic for an access message
in response to the base station duplex capability message; and
means for transmitting the access message to the first base
station using the at least one transmit characteristic.

[0043] This may allow improved performance in a cellular
communication system. The feature may allow a user equip-
ment to adapt to the duplexing capability of the base station.
The user equipment may specifically select between different
possible duplexing modes by selecting the transmit charac-
teristic accordingly.

[0044] According to an optional feature of the invention,
the means for determining the at least one transmit character-
istic is arranged to determine a carrier frequency for the
access message as a carrier frequency of the base station
duplex capability message if the base station duplex capabil-
ity message indicates that the first base station supports only
an unpaired spectrum duplex mode operation, and to deter-
mine the carrier frequency as a frequency paired to the carrier
frequency of the base station duplex capability message if the
base station duplex capability message indicates that the first
base station supports a paired spectrum duplex mode opera-
tion.
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[0045] This may allow for improved performance and/or
facilitated operation. The feature may provide a practical
means of adapting the user equipment to the duplexing capa-
bilities of the base station.

[0046] According to an optional feature of the invention,
the first user equipment comprises: means for determining a
duplex capability of the first base station in response to the
base station duplex capability message; and means for evalu-
ating a match criterion between a duplex capability of the first
user equipment and the duplex capability of the first base
station; and wherein the first user equipment is arranged to
only transmit an access message to the first base station if the
match criterion is met.

[0047] The match criterion may for example determine
whether the duplex capability of the first base station and the
first user equipment are compatible. The feature may allow
improved performance by facilitating coexistence of equip-
ment having different duplexing capabilities in the same sys-
tem. For example, the feature may ensure that user equip-
ments only attach to base stations with which they can
communicate using a compatible duplexing mode.

[0048] According to an optional feature of the invention,
the first user equipment comprises means for transmitting a
user equipment duplex capability characteristic to the first
base station.

[0049] This may improve performance and may allow the
base station and the fixed network to optimize for, and adapt
to, the duplexing capabilities of the first user equipment.

[0050] According to an optional feature of the invention,
the cellular communication system further comprises a
scheduler for scheduling communication with the first user
equipment in response to the user equipment duplex capabil-
ity characteristic.

[0051] This may allow improved scheduling and/or an opti-
mization for the duplexing capabilities of the first user equip-
ment. An improved scheduling may be achieved resulting in
improved resource utilization and thus an improved perfor-
mance of the cellular communication system as a whole.

[0052] According to an optional feature of the invention,
the user equipment duplex capability is indicative of a capa-
bility of the first user equipment to support a half duplex mode
or a full duplex mode. The half duplex mode and the full
duplex mode may be paired spectrum duplex modes.

[0053] This may allow an improved optimization depend-
ing on the half duplex or full duplex mode capabilities of the
user equipment. In particular, paired spectrum duplex modes
may comprise both a half duplex mode and a full duplex mode
and the performance and particularly the scheduling opera-
tion may be optimized for the specific mode currently used.

[0054] According to an optional feature of the invention,
the scheduler is arranged to schedule communication subject
to an uplink and downlink time orthogonality restriction for
the half duplex mode; and to schedule communication with
no uplink and downlink time orthogonality restriction for the
full duplex mode.

[0055] This allows improved scheduling which takes into
the account the specific limitations of the user equipment
thereby allowing scheduling performance to be optimized for
the current conditions. This may reduce resource usage and
may improve performance of the communication system as a
whole.
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[0056] According to an optional feature of the invention,
the first user equipment is arranged to comprise the user
equipment duplex capability characteristic in an access mes-
sage.

[0057] This may provide a practical, low complexity and/or
efficient means of communicating the user equipment duplex
capability to the first base station. The access message may
for example be a 3GPP RRC CONNECTION REQUEST
message carried on a RACH transport channel or the equiva-
lent message in a system evolved from 3GPP.

[0058] According to an optional feature of the invention,
the first user equipment is arranged to comprise the user
equipment duplex capability characteristic in a communica-
tion confirmation message.

[0059] This may provide a practical, low complexity and/or
efficient means of communicating the user equipment duplex
capability to the first base station. The access message may
for example be a 3GPP RRC CONNECTION SETUP COM-
PLETE” message or the equivalent message in a system
evolved from 3GPP.

[0060] According to an optional feature of the invention,
the cellular communication system further comprises means
for supporting a call setup procedure using a communication
scheme common to the plurality of duplex modes.

[0061] This may allow improved and/or facilitated call
setup. In particular, it may allow a common call setup proce-
dure for different duplex modes thereby allowing specific
adaptation to specific duplex mode to be delayed. The com-
munication scheme may for example comply with the com-
mon transmission format. Specifically, the user equipment
may request or initiate a new call setup using a signaling
channel which is common to the plurality of duplex modes.

[0062] According to an optional feature of the invention,
the first base station is arranged to communicate with the first
user equipment during a call setup process using a half duplex
mode of operation until a duplex capability characteristic is
received from the first user equipment.

[0063] This may allow a practical and/or facilitated and/or
improved call setup procedure.

[0064] According to an optional feature of the invention,
the first base station is arranged to communicate with the first
user equipment during a call setup process using a half duplex
mode of operation; and the first user equipment is arranged to
ignore downlink transmissions in time intervals used for
uplink transmissions from the first user equipment to the first
base station.

[0065] This may facilitate operation and/or reduce com-
plexity.
[0066] According to an optional feature of the invention,

the cellular communication system is arranged to support
comnunications in accordance with the 3"/ Generation Part-
nership Project Technical Specifications.

[0067] The invention may improve performance of a 3GPP
cellular communication system and to systems evolved from
3G.

[0068] According to an optional feature of the invention,
the cellular communication system is arranged to support
communications in accordance with the Global System for
Mobile communication system Recommendations.

[0069] The invention may improve performance of a GSM
cellular communication system.

[0070] According to another aspect of the invention, there
is provided a base station for cellular communication system
comprising base stations supporting user equipments, the
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base station comprising: means for transmitting a base station
duplex capability message to user equipments using a com-
mon transmission format, the common transmission format
being common to a plurality of duplex modes.

[0071] According to another aspect of the invention, there
is provided a user equipment for a cellular communication
system comprising base stations supporting user equipments,
the user equipment comprising: means for receiving a base
station duplex capability message from a first base station;
means for determining at least one transmit characteristic for
an access message in response to the base station duplex
capability message; and means for transmitting the access
message to the first base station using the at least one transmit
characteristic.

[0072] According to another aspect of the invention, there
is provided a method of operation in a cellular communica-
tion system comprising base stations supporting user equip-
ments, the method comprising: a first base station serving at
least a first user equipment; and the first base station trans-
mitting a base station duplex capability message to user
equipments using a common transmission format that is com-
mon to a plurality of duplex modes.

[0073] According to another aspect of the invention, there
is provided a method of operation for a user equipment of a
cellular communication system comprising base stations sup-
porting user equipments, the method comprising: receiving a
base station duplex capability message from a first base sta-
tion; determining at least one transmit characteristic for an
access message in response to the base station duplex capa-
bility message; and transmitting the access message to the
first base station using the at least one transmit characteristic.
[0074] These and other aspects, features and advantages of
the invention will be apparent from and elucidated with ref-
erence to the embodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0075] Embodiments of the invention will be described, by
way of example only, with reference to the drawings, in which
[0076] FIG. 1is anillustration of a cellular communication
system in accordance with the prior art;

[0077] FIG. 2 illustrates an example of a cellular commu-
nication system in accordance with some embodiments of the
invention;

[0078] FIG. 3 illustrates an example of frequencies used in
a paired spectrum;

[0079] FIG. 4 illustrates an example of frequencies used in
an unpaired spectrum;

[0080] FIG. 5illustrates a method of determining a random
access channel for TDD operation;

[0081] FIG. 6 illustrates a method of determining a random
access channel for FDD operation;

[0082] FIG. 7 illustrates an example of a base station in
accordance with some embodiments of the invention;
[0083] FIG. 8 illustrates an example of a user equipment in
accordance with some embodiments of the invention;
[0084] FIG. 9illustrates an example of scheduling for a half
duplex unpaired spectrum duplex mode;

[0085] FIG. 10 illustrates an example of scheduling for a
full duplex paired spectrum duplex mode;

[0086] FIG. 11 illustrates an example of scheduling for a
half duplex paired spectrum duplex mode;

[0087] FIG. 12 illustrates a flow chart for an exemplary
operation of a user equipment in accordance with some
embodiments of the invention;
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[0088] FIG. 13 illustrates a flow chart for an exemplary
operation of a base station in accordance with some embodi-
ments of the invention;

[0089] FIG. 14 illustrates a signaling sequence in accor-
dance with some embodiments of the invention;

[0090] FIG. 15 illustrates a signaling sequence in accor-
dance with some embodiments of the invention;

[0091] FIG. 16 illustrates a signaling sequence in accor-
dance with some embodiments of the invention; and

[0092] FIG. 17 illustrates a signaling sequence in accor-
dance with some embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0093] The following description focuses on embodiments
of'the invention applicable to a 3GPP cellular communication
system comprising base stations having different duplexing
capabilities. However, it will be appreciated that the invention
is not limited to this application but may be applied to many
other cellular communication systems including for example
the Global System for Mobile communication system
(GSM).

[0094] FIG. 2 illustrates an example of a 3GPP UMTS
cellular communication system in which embodiments of the
invention may be employed.

[0095] Inthe example of FIG. 2, a first user equipment 201
and a second user equipment 203 are in a first cell supported
by a first base station 205.

[0096] The user equipments may e.g. be 3™ Generation
User Equipment (UE), communication units, subscriber
units, mobile stations, communication terminals, personal
digital assistants, cellular phones, laptop computers, embed-
ded communication processors or any physical, functional or
logical communication element which is capable of commu-
nicating over the air interface of the cellular communication
system.

[0097] The first base station 205 is coupled to a first RNC
207. An RNC performs many of the control functions related
to the air interface including radio resource management and
routing of data to and from appropriate base stations.

[0098] The first RNC 207 is coupled to a core network 209.
A core network interconnects RNCs and is operable to route
data between any two RNCs, thereby enabling a user equip-
ment in a cell to communicate with a user equipment in any
other cell. In addition, a core network comprises gateway
functions for interconnecting to external networks such as the
Public Switched Telephone Network (PSTN), thereby allow-
ing user equipments to communicate with landline tele-
phones and other communication terminals connected by a
landline. Furthermore, the core network comprises much of
the functionality required for managing a conventional cellu-
lar communication network including functionality for rout-
ing data, admission control, resource allocation, subscriber
billing, user equipment authentication etc.

[0099] The core network 209 is further coupled to a second
RNC 211 which is coupled to a second base station 213. The
second base station 213 supports a third user equipment 215.
[0100] In the system of FIG. 1, the base stations have dif-
ferent capabilities. Specifically, some base stations may be
arranged to support a TDD mode of operation wherein a
single carrier frequency is used both for the uplink and for the
downlink. Other base stations may be arranged to support an
FDD mode of operation wherein paired spectrum carriers are
used for the uplink and downlink. Thus, some base stations

Jan. 30, 2014

may use FDD with paired spectrum whereas other base sta-
tions use an unpaired spectrum with the TDD operation.
[0101] An example of frequencies used in a paired spec-
trum system is shown in FIG. 3. In this figure, uplink trans-
missions are transmitted in the frequency range 2550-2560
MHz and downlink transmissions are transmitted in the fre-
quency range 2670-2680 MHz. This paired spectrum can
either be used in full duplex mode or in half duplex mode.
[0102] An example of frequencies used in an unpaired
spectrum is shown in FIG. 4. In this example, both uplink and
downlink transmissions are transmitted in the frequency
range 2595-2605 MHz. This unpaired spectrum can be used
in half duplex mode.

[0103] A user equipment attaching to the system will ini-
tially attempt to identify the most suitable base station based
on suitable criteria such as the signal strength, network iden-
tity etc. Having chosen a suitable base station to attach to, the
user equipment then sends a message to the selected base
station informing the network of the user equipment’s desire
to attach to that base station. This connection request type
message is typically sent on a random access channel
(RACH). In a 3GPP system, the message “RRC CONNEC-
TION REQUEST” is used to this purpose. This message
contains details that affect the connection that will be set up.
The connection request message can e.g. comprise informa-
tion such as:

[0104] user equipment identity (such as the International
Mobile Subscriber Identity: IMSI).

[0105] Signal measurements (such as the received beacon
signal levels).
[0106] The network responds to the communication

request message with a connection setup message. In 3GPP
systems, the “RRC CONNECTION SETUP” message can be
considered a communication setup message. The communi-
cation setup message can e.g. comprise information such as:

[0107] atemporary identity for the user equipment,
[0108] details of uplink and downlink radio bearers,
[0109] details of parameters used for paging.

[0110] The user equipment then responds to the communi-

cation setup message with a connection setup complete mes-
sage. In 3GPP systems, this message may correspond to the
“RRC CONNECTION SETUP COMPLETE” message. The
connection setup complete message may for example com-
prise information such as:

[0111] User equipment capability (for example, the data
rate that can be supported by the user equipment, the func-
tions that the user equipment supports etc.).

[0112] security related information.

[0113] In 3GPP systems, a user equipment searching for a
suitable serving cell, will typically monitor a number of car-
rier frequencies stored in a preconfigured list. It will then
select the base station that provides the best signal under the
current conditions.

[0114] In3GPP systems, the base stations broadcast system
information comprising information of the random access
channel to be used. This information is used to select and
configure the appropriate random access requests. However,
in conventional systems, different duplexing methods are
treated separately and independently.

[0115] Specifically, a user equipment using a TDD
unpaired spectrum duplexing mode, decodes this signaling
information and uses it to determine the time slot numbers
and channelization codes to be used for RACH transmissions.
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The appropriate transmit frequency is determined directly as
the same frequency as that used for receiving the system
information.

[0116] For auser equipment using an FDD paired spectrum
duplexing mode, the system information comprises informa-
tion such as the details of the RACH preambles and available
signature sequences to be used. When the user equipment
wishes to send a random access channel message, it transmits
a signature sequence of length 12 timeslots. Upon receiving
an acknowledgement to the preamble, the user equipment
then transmits a RACH that is either of 15 timeslots or 30
timeslots duration (i.e. it sends a RACH for either one or two
whole frames).

[0117] Furthermore, the 3GPP specifications explicitly
specify a relationship between uplink and downlink frequen-
cies. Thus, the user equipment can directly calculate the
paired uplink frequency from the downlink frequency on
which the system information is received.

[0118] FIG. 5illustrates a method of determining a suitable
random access channel for TDD operation and FIG. 6 illus-
trates a method of determining a suitable random access
channel for FDD operation.

[0119] Inconventional systems, different duplexing modes
have different access procedures and the determination of the
appropriate RACH characteristics depend on the specific
duplexing mode that the user equipment and the base station
use. Specifically, a user equipment which is capable of
accessing both an FDD and a TDD base station must inde-
pendently search for these base stations. Thus, the user equip-
ment must first monitor for FDD system information and use
this to determine a suitable FDD access channel and must
then monitor for TDD system information and use this to
determine a suitable TDD access channel. This results in a
complex, slow, resource demanding and inconvenient access
approach.

[0120] In the system of FIG. 2, the first base station 205
comprises functionality for transmitting a base station duplex
capability message to user equipments 201, 203 using a trans-
mission format which is common to different duplex modes.
Specifically, the first base station 205 transmits system infor-
mation using a transmit format which is the same irregardless
of whether the first base station 205 is a base station using
paired or unpaired spectrum and irregardless of whether the
base station can support full duplex or only half duplex.
Specifically, a TDD and FDD base station can transmit the
system information on the same frequency and using the same
transmissions schemes.

[0121] The duplex capability message provides informa-
tion of what duplex modes are supported by the first base
station 205. The duplex capability message can thus indicate
if the base station can support paired/unpaired spectrum and/
or full duplex/half duplex modes. The duplex capability mes-
sage is transmitted using a signal structure that is common to
both paired and unpaired operation.

[0122] FIG. 7—illustrates the first base station 205 of FIG.
2 in more detail. The base station 205 comprises a duplex data
generator 701 which is coupled to a transmit controller 703
which is coupled to a transceiver 705.

[0123] The duplex data generator 701 generates duplex
information to be broadcast by the base station 205. The
duplex information can specifically identify whether the base
station is a base station that uses paired or unpaired spectrum.
If the base station uses paired spectrum, the duplex informa-
tion furthermore indicates whether the base station can sup-
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porthalf duplex mode user equipments, full duplex mode user
equipments or both half duplex and full duplex modes user
equipments.

[0124] Theduplex datais sent to the transmit controller 703
which embeds the data into a suitable system information
message that is to be broadcast. The transmit controller 703
may combine the duplex data with data received from other
functional entities and which is broadcast for other purposes.
The transmit controller 703 thus generates a broadcast system
information message and controls the transceiver 705 to
broadcast this message on a suitable channel.

[0125] The transmit controller 703 specifically controls the
transceiver to broadcast a duplex capability message in the
form of the system information broadcast message. The trans-
mit controller 703 also controls the transmit format which is
used for the message. The same transmit format is used
regardless of what duplex capability the base station has. The
transmit controller 703 thus controls the transceiver to trans-
mit the duplex capability message in the same time slots and
using the same carrier frequency irregardless of the specific
duplex capability of the base station 205. The broadcast mes-
sage is furthermore transmitted using the same spreading
code, modulation scheme, error correcting scheme, channel
bandwidth, data rate, interleaving scheme and other transmis-
sion parameters.

[0126] Accordingly, the user equipments 201, 203 need
only receive a single message with well known predeter-
mined parameters in order to determine the duplex capability
of the base station 205.

[0127] A first user equipment 201 seeking to attach to the
system can decode the received duplex capability message
and use the resulting information to determine a suitable
access channel and access transmissions scheme. The first
user equipment 201 can furthermore use the received duplex
capability information to determine if the capability of the
first user equipment 201 is compatible with that of the first
base station 205.

[0128] FIG. 8 illustrates the first user equipment 201 in
more detail. The user equipment 201 comprises a transceiver
801. The transceiver 801 is operable to monitor for the duplex
capability message from the first base station 205. Specifi-
cally, the transceiver 801 receives a predetermined carrier
frequency at the predetermined time slots used for the com-
munication channel that carries the duplex capability mes-
sage. For example, the duplex capability message may be
comprised in a system information message which is moni-
tored and received by the transceiver 801.

[0129] As the same transmission format is used for differ-
ent duplexing modes, the transceiver 801 can simply monitor
one single channel irregardless of which duplexing mode is
employed by the base station 205. The transceiver 801 is
coupled to a compatibility processor 803 and when the duplex
capability message is received by the transceiver 801, this is
forwarded to the compatibility processor 803.

[0130] The compatibility processor 803 is arranged to
evaluate a match criterion for the duplex capabilities of the
first user equipment 201 and the first base station 205.
[0131] The compatibility processor 803 may specifically
determine which duplexing mode is used by the base station
and may compare this to the duplexing mode(s) which can be
supported by the user equipment 201. If none of the duplexing
modes that can be supported by the base station 205 can be
supported by the first user equipment 201, the compatibility
processor 803 determines that the match criterion has not
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been met and causes the user equipment to abandon the first
base station 205 to search for another suitable base station to
attach to.

[0132] If the first user equipment 201 and the first base
station 205 can support the same duplexing mode, the com-
patibility processor 803 causes the user equipment 201 to
prepare to attach to the first base station 205.

[0133] For example, the duplex capability message may
indicate that the base station 205 uses unpaired spectrum. If
the first user equipment 201 can only support paired spec-
trum, the compatibility processor 803 controls the user equip-
ment 201 to search for another base station as the first base
station 205 cannot support the user equipment 201. However,
if the first user equipment 201 also supports unpaired spec-
trum, the first base station 205 can support the first user
equipment 201 and the compatibility processor 803 prepares
the user equipment 201 for accessing the first base station
205.

[0134] In the example, the compatibility processor 803 is
coupled to a RACH characteristics processor 805. When the
compatibility processor 803 has identified a compatible base
station, the RACH characteristics processor 805 is informed
of'this. In response, the RACH characteristics processor 805
proceeds to determine suitable characteristics to use for
accessing the first base station 205.

[0135] Specifically, the RACH characteristics processor
805 identifies the appropriate RACH channel to use. This
includes determining the appropriate frequency and timing to
use for accessing the first base station using the identified
duplex format.

[0136] Inthe specific example, the user equipment 201 is a
combined TDD and FDD user equipment which can support
both paired and unpaired spectrum modes. In the example, the
RACH characteristics processor 805 determines if the iden-
tified base station uses paired or unpaired spectrum. If the
base station 205 uses paired spectrum, the carrier frequency
to be used for any uplink RACH attempts is determined as the
carrier frequency in the uplink frequency spectrum which is
paired with the carrier frequency used for transmitting the
system information in the downlink frequency spectrum.
However, if the base station 205 uses unpaired spectrum, the
carrier frequency for uplink RACH attempts is determined as
the carrier frequency used for the downlink broadcast of
system information.

[0137] It will be appreciated, that other parameters and
characteristics for the RACH channel than the carrier fre-
quency may be determined. For example, a suitable timing,
spreading code, signature or other parameter may addition-
ally or alternatively be determined.

[0138] The RACH characteristics processor 805 is coupled
to a RACH transmit controller 807 which is fed the transmis-
sion characteristics determined by the RACH characteristics
processor 805 for the access message. The RACH transmit
controller 807 is coupled to the transceiver 801 and controls
the transmission of the access message using the determined
transmission characteristic. Specifically, the RACH transmit
controller 807 may generate the access message and feed this
to the transceiver at the appropriate time. In addition, it may
control the transmission parameters to be applied by the
transceiver, such as the appropriate carrier frequency.

[0139] Hence, the first user equipment 201 can automati-
cally adapt to the duplexing capability of the first base station
205 without requiring independent monitoring and attach-
ment for each duplexing mode to be supported by the first user
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equipment 201. Rather, a common process and functionality
may be used for any base station thereby reducing the com-
plexity and processing load of the user equipment 201.
[0140] In the example of FIG. 8, the first user equipment
201 furthermore comprises functionality for transmitting
information of the duplex capability of the user equipment
201 to the first base station 205.

[0141] Specifically, the RACH transmit controller 807 is
coupled to a duplex capability processor 809 which is
arranged to generate duplex data indicative of the duplex
capability of the user equipment 201 and to feed this to the
RACH transmit controller 807 for transmission to the base
station 205.

[0142] Specifically, the duplex capability information may
be transmitted to the first base station 205 in the access mes-
sageitself. Alternatively or additionally, the duplex capability
information can be transmitted in another message of the call
setup procedure. For example, the duplex capability informa-
tion can be transmitted in a communication complete mes-
sage transmitted from the user equipment 201 to the first base
station 205 in response to a call setup message from the first
base station 205.

[0143] The duplex capability information from the first
user equipment 201 can specify the duplexing modes which
can be supported by the user equipment 201. Specifically, the
duplex capability information can specify whether the user
equipment can support paired and/or unpaired spectrum
operation. Additionally or alternatively, the duplex capability
information can specify whether the user equipment 201 can
support half duplex and/or full duplex operation.

[0144] As a specific example, the cellular communication
system may comprise some user equipments operating in
paired spectrum configurations that are only capable of sup-
porting half duplex operation, whereas other user equipments
operating in the paired spectrum configuration can support
full duplex wherein uplink and downlink transmissions may
occur simultaneously for an individual user equipment. In
such systems, the duplex capability information transmitted
from user equipments can indicate whether they can support
full duplex mode or whether they can only support half
duplex mode.

[0145] The duplex capability information received from the
user equipment 201 can be used by the system to enhance
performance and to optimize for the current duplex capabili-
ties of the user equipments. For example, scheduling for user
equipments may be performed such that the duplex capability
information is taken into account. For example, for user
equipments that can only support half duplex mode schedul-
ing can be performed such that uplink and downlink trans-
missions do not coincide for the individual user equipment
whereas scheduling for user equipments that can support full
duplex mode can fully utilise all time slots in both directions
without any such restrictions. This may allow improved effi-
ciency of scheduling and may improve resource utilisation
resulting in improved performance and increased capacity of
the cellular communication system as a whole.

[0146] Inthe following, more details of some embodiments
of the invention will be described with specific reference to
three different duplex capability types of base stations which
may frequently occur in a 3GPP cellular communication sys-
tem.

[0147] The first base station type is an unpaired half duplex
base station which can only support unpaired spectrum com-
munication that inherently must be half duplex (as uplink and



US 2014/0029487 Al

downlink transmissions cannot coincide). The second type is
a paired full duplex only mode base station being a base
station which supports paired spectrum but which cannot
guarantee that uplink and downlink transmissions for the
same user equipment do not coincide. The third type is a
paired spectrum base station capable of supporting both half
duplex and full duplex user equipments, i.e. which comprises
a scheduling function that can ensure that uplink and down-
link transmissions for a single half duplex user equipment do
not coincide. Exemplary operation for the three different
scenarios will be described independently.

Unpaired Spectrum Half Duplex Base Station:

[0148] In this mode of operation, the base station broad-
casts a duplex capability message that indicates that the base
station supports the unpaired mode of operation. Inherently,
the unpaired mode of operation (as used in TDD) results in
only half duplex mode being supported.

[0149] The user equipments decode the duplex capability
message and a specific user equipment can configure its trans-
mitter to transmit access messages on the same carrier fre-
quency as the downlink carrier. The access message request-
ing a communication can furthermore comprise the
duplexing capability information for the user equipment
although this is not essential as the base station knows a priori
that only half duplex unpaired spectrum mode capable user
equipments will connect to the base station.

[0150] The base station receives this message and sched-
ules the user equipment as a half duplex unpaired spectrum
mode user equipment.

[0151] A full duplex paired spectrum mode user equipment
is unable to respond to the unpaired spectrum half duplex base
station (since it is unable to transmit on the same carrier as the
downlink) and hence is not able to attach to this base station
(accordingly it will proceed to search for another base sta-
tion).

[0152] For half duplex mode user equipments operating in
unpaired spectrum, uplink transmissions are scheduled at
different times to downlink transmissions. This is inherent to
the operation of half duplex in unpaired spectrum. An
example of such scheduling is illustrated in FIG. 9.

Paired Spectrum Full Duplex only Base Station:

[0153] A paired spectrum full duplex only base station is
considered to be a base station that can only operate in full
duplex mode and which cannot guarantee that uplink and
downlink transmissions for the same user equipment do not
occur simultaneously (for example due to an architectural
decision during design of the base station that the uplink and
downlink schedulers will be totally independent).

[0154] In this mode of operation, the base station broad-
casts a duplex capability message which indicates that the
base station supports only full duplex in a paired spectrum.
[0155] The user equipments decode the duplex capability
message and a paired spectrum full duplex mode capable user
equipment can configure its transmitter to transmit access
messages on the appropriate paired uplink carrier frequency.
The access message requesting a communication can further-
more comprise the duplexing capability information for the
user equipment although this is not essential as the base
station knows a priori that only full duplex mode capable user
equipments will connect to the base station.

[0156] A half duplex mode only user equipment will
decode the broadcast signal from the base station and will
determine that the specific base station is not compatible.
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Thus, the half duplex mode user equipment does not attempt
to attach to the full duplex mode only base station but pro-
ceeds to search for other base stations to attach to.

[0157] The scheduling for a paired spectrum full duplex
only base station is performed according to full duplex rules
(and hence uplink and downlink scheduling may be com-
pletely independent).

[0158] Full duplex mode user equipments require paired
spectrum for operation. Full duplex mode user equipments
can be scheduled with separate schedulers in the uplink and
downlink and these uplink and downlink schedulers do not
need to be linked (from the perspective of maintaining an
orthogonality rule). Although a full duplex mode user equip-
ment is able to transmit in the uplink and receive in the
downlink at the same time, it is not required that the user
equipment transmits uplink and receives downlink at the
same time (hence a full duplex user equipment can be allo-
cated solely uplink resource, solely downlink resource or
both uplink and downlink resource in the same timeslot).
[0159] An example of scheduling in a system with full
duplex mode user equipments is illustrated in FIG. 10. FIG.
10 illustrates that the base station can operate with indepen-
dent uplink and downlink schedulers. The figure also illus-
trates that some user equipments are allocated solely uplink
resource in a timeslot, some user equipments are allocated
solely downlink resource in a timeslot and some user equip-
ments are allocated both uplink and downlink resource in a
timeslot.

Paired Spectrum Half and Full Duplex Base Station:

[0160] A paired spectrum half and full duplex base station
is able to serve both half duplex mode user equipments and
full duplex mode user equipments operating in the paired
spectrum mode.

[0161] In this mode of operation, the base station broad-
casts a duplex capability message which indicates that the
base station supports both full and half duplex modes in a
paired spectrum.

[0162] The duplex capability message may be decoded by
half duplex unpaired, half duplex paired or full duplex paired
mode capable user equipments. The half duplex unpaired user
equipments will determine that they are not compatible with
the base station and will proceed to search for another base
station. However, both the full and half duplex paired spec-
trum user equipments may proceed to access the base station.
[0163] Specifically, a full or half duplex mode user equip-
ment can configure its transmitter to transmit on the uplink
frequency which is paired with the downlink frequency that
the duplex capability message signal is sent on (the uplink
frequency can be known a priori or may be signaled e.g. in the
duplex capability message).

[0164] When a user equipment (either half duplex mode or
full duplex mode) wishes to attach to the network, it can
transmit an access message using the paired uplink carrier
frequency. This message can contain (amongst other things)
information of the duplexing capability of the user equip-
ment.

[0165] On reception of the duplexing capability informa-
tion, the base station scheduler schedules user equipments
based on whether they are full duplex mode user equipments
or half duplex mode user equipments. For half duplex mode
user equipments, the scheduler ensures that it never schedules
uplink from a user equipment at the same time as scheduling
downlink to that user equipment. For a full duplex mode user
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equipment, the scheduler may schedule uplink and downlink
independently. Hence both half duplex and full duplex mode
user equipments can be served by the same base station.
[0166] An example of such scheduling operation is illus-
trated in FIG. 11.

[0167] Itwill be appreciated that in some embodiments, the
base station can assign some timeslots for use exclusively by
half duplex mode user equipments and other timeslots to be
used exclusively by full duplex mode user equipments.
[0168] Insome embodiments, the base station may support
a call setup procedure using a communication scheme which
is common to more than one duplex mode. Specifically, the
base station may receive an access request message on the
uplink paired spectrum and continue the call setup procedure
using half duplex communication i.e. while ensuring that
uplink and downlink transmissions do not coincide for the
user equipment. This approach may be particularly suitable
for embodiments where the duplex capability of the user
equipment is not transmitted to the base station until late in
the call setup procedure. In the example, the base station can
operate in half duplex mode to a user equipment until the base
station receives a duplexing capability message from this user
equipment.

[0169] The base station thus works in essentially two
phases from a user equipment perspective. In the initial phase
of'a connection, the base station preferably operates in strictly
half duplex mode to user equipments until the base station
receives information of the duplexing capability of the user
equipment. After the initial phase of the connection, the base
station either operates in full duplex or half duplex modes for
the specific user equipment dependent on the duplexing capa-
bility of the user equipment.

[0170] For the half duplex mode user equipments, the base
station schedules the user equipments such that for any indi-
vidual user equipment, uplink and downlink resources are
never scheduled at the same time. The base station is however
able to schedule one set of user equipments at time T in the
uplink and another set of user equipments at time T in the
downlink, but these sets of user equipments must be non-
overlapping. However, for the full duplex user equipments,
no such restriction is necessary. Thus, the scheduler can
schedule communication subject to an uplink and downlink
time orthogonality restriction for half duplex mode user
equipments, and can schedule communication with no uplink
and downlink time orthogonality restriction for the full
duplex mode user equipments.

[0171] Insome embodiments, the base station may operate
in full duplex mode for at least some of the call setup proce-
dure for a half duplex user equipment. In such cases, the half
duplex user equipment can ignore the downlink transmis-
sions in the time slots for which an uplink transmissions is
required.

[0172] FIG. 12 illustrates a flow chart for an exemplary
operation of a user equipment capable of supporting both
paired and unpaired spectrum in accordance with some
embodiments of the invention.

[0173] FIG. 13 illustrates a flow chart for an exemplary
operation of'a base station capable of supporting both halfand
full duplex paired spectrum duplexing in accordance with
some embodiments of the invention.

[0174] In some embodiments, the user equipment can
transmit the duplex capability information to the base station
in a communication or access request message. In other
embodiments, the user equipment can transmit the duplex
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capability information to the base station in another message
of' the call setup procedure. For example, the user equipment
may transmit the duplex capability information in a commu-
nication confirmation message, which is sent to the base
station in confirmation of a communication setup message
transmitted from the base station to the user equipment.
[0175] For brevity, the communication request or access
message will be referred to as a CONREQ message, the
communication setup message will be referred to as a CON-
SETUP message and the communication confirmation mes-
sage will be referred to as a CONCOMPLETE message. In a
3GPP system, the CONREQ message can be a RRC CON-
NECTION REQUEST message and the CONCOMPLETE
message can be a RRC CONNECTION SETUP COM-
PLETE message.

Signaling of Duplex Capability in CONREQ

[0176] When the duplexing capability of the user equip-
ment is sent in the CONREQ message, it can be sent using a
RACH-type channel. Preferably, the CONREQ message is
sent in a timeslot other than (i.e. orthogonal to) the timeslot in
which the broadcast transmission from the base station is
sent, but this is not strictly required. An example of such
operation is illustrated in FIG. 14.

[0177] Alternatively, the CONREQ message can be sent on
the same timeslot as used for the duplex capability message
from the base station. Such an approach suits a full duplex
mode user equipment, but is somewhat less suitable for a half
duplex mode user equipment and requires the half duplex
mode user equipment to ignore decoding broadcasts from the
base station when transmitting the CONREQ message. An
example of such operation is illustrated in FIG. 15.

[0178] In this example, the user equipment is able to send
the CONREQ message in the same timeslot as the broadcast
message and is further able to decode the broadcast message
even when transmitting the CONREQ message.

[0179] FIG. 16 illustrates the same type of operation for a
half duplex mode user equipment where the half duplex mode
user equipment does not decode the broadcast signal on the
timeslot in which it sends the CONREQ message (this type of
operation is acceptable when the broadcast information is
continually refreshed, hence the user equipment can decode
the missed broadcast information at a future time).

Signalling of Duplex Capability in CONCOMPLETE

[0180] When the duplexing capability is sent in the CON-
COMPLETE message, the CONCOMPLETE and CONREQ
messages are preferably sent in different timeslots to the
broadcast and CONSETUP messages. When different
timeslots are used until the CONCOMPLETE message is
received by the base station, the base station is essentially
assuming half duplex mode operation until the message
detailing whether the user equipment is actually half duplex is
received by the base station. Since a full duplex user equip-
ment can receive downlink on its own or transmit uplink on its
own (as well as transmitting and receiving at the same time),
both full duplex mode and half duplex mode user equipments
can be served until the base station knows the user equip-
ment’s duplexing capability (at which time, the base station
can transition to serving the user equipment in the optimum
mode—full duplex or half duplex). Thus, the base station
assumes operation in half duplex mode until it receives a
duplexing capability message from the user equipment.
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[0181] An example of a signaling sequence adopted when
CONCOMPLETE is used to signal the user equipment’s
duplexing capability is illustrated in FIG. 17. In the example,
the signaling sequence is such that the uplink CONREQ/
CONCOMPLETE messages are never in the same timeslot as
the broadcast or call setup messages from the base station,
and hence the signaling sequence is equally applicable to half
duplex and full duplex mode capable user equipments.
[0182] It will be appreciated that the above description for
clarity has described embodiments of the invention with ref-
erence to different functional units and processors. However,
it will be apparent that any suitable distribution of function-
ality between different functional units or processors may be
used without detracting from the invention. For example,
functionality illustrated to be performed by separate proces-
sors or controllers may be performed by the same processor or
controllers. Hence, references to specific functional units are
only to be seen as references to suitable means for providing
the described functionality rather than indicative of a strict
logical or physical structure or organization.
[0183] The invention can be implemented in any suitable
form including hardware, software, firmware or any combi-
nation of these. The invention may optionally be imple-
mented at least partly as computer software running on one or
more data processors and/or digital signal processors. The
elements and components of an embodiment of the invention
may be physically, functionally and logically implemented in
any suitable way. Indeed the functionality may be imple-
mented in a single unit, ina plurality of units or as part of other
functional units. As such, the invention may be implemented
in a single unit or may be physically and functionally distrib-
uted between different units and processors.
[0184] Although the present invention has been described
in connection with some embodiments, it is not intended to be
limited to the specific form set forth herein. Rather, the scope
of the present invention is limited only by the accompanying
claims. Additionally, although a feature may appear to be
described in connection with particular embodiments, one
skilled in the art would recognize that various features of the
described embodiments may be combined in accordance with
the invention. In the claims, the term comprising does not
exclude the presence of other elements or steps.
[0185] Furthermore, although individually listed, a plural-
ity of means, elements or method steps may be implemented
by e.g. a single unit or processor. Additionally, although indi-
vidual features may be included in different claims, these may
possibly be advantageously combined, and the inclusion in
different claims does not imply that a combination of features
is not feasible and/or advantageous. Also the inclusion of a
feature in one category of claims does not imply a limitation
to this category but rather indicates that the feature is equally
applicable to other claim categories as appropriate. Further-
more, the order of features in the claims does not imply any
specific order in which the features must be worked and in
particular the order of individual steps in a method claim does
not imply that the steps must be performed in this order.
Rather, the steps may be performed in any suitable order.
1. An electronic device comprising:
circuitry configured to
receive duplex capability information including infor-
mation identifying duplex modes supported by a base
station, the duplex capability information being trans-
mitted according to a signal structure common to a
plurality of duplex modes; and
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determine at least one characteristic for accessing the
base station based on the duplex capability informa-
tion.

2. The electronic device of claim 1, wherein the circuitry is
further configured to:

control transmitting an access message to the base station

based on the at least one characteristic.

3. The electronic device of claim 1, wherein a first duplex
mode of'the plurality of duplex modes is a frequency division
duplex (FDD) mode and a second duplex mode of the plural-
ity of duplex modes is a time division duplex (TDD) mode.

4. The electronic device of claim 1, wherein a first duplex
mode of the plurality of duplex modes is a half-duplex mode
and a second duplex mode of the plurality of duplex modes is
a full-duplex mode.

5. The electronic device of claim 1, wherein the signal
structure is defined by one or more common transmission
parameters from the group consisting of:

a signal bandwidth;

a coding rate;

a modulation scheme;

an interleaving;

a coding scheme; and

a timing.

6. An electronic device comprising:

circuitry configured to receive duplex capability informa-

tion including information identifying duplex modes
supported by the base station, wherein

the duplex capability information is transmitted according

to a signal structure that is common to a plurality of
duplex modes that the electronic device is configured to
support.

7. The electronic device of claim 6, wherein the circuitry is
further configured to:

control transmitting an access message to the base station

based on the at least one characteristic.

8. A communication apparatus comprising:

one or more antennas via which signals are transmitted;

and

circuitry configured to

receive duplex capability information including infor-
mation identifying duplex modes supported by a base
station, the duplex capability information being trans-
mitted according to a signal structure common to a
plurality of duplex modes; and

determine at least one characteristic for accessing the
base station based on the duplex capability informa-
tion.

9. The communication apparatus of claim 8, wherein the
circuitry is further configured to:

control transmitting an access message to the base station

based on the at least one characteristic.

10. The communication apparatus of claim 8, wherein a
first duplex mode of the plurality of duplex modes is a fre-
quency division duplex (FDD) mode and a second duplex
mode of the plurality of duplex modes is a time division
duplex (TDD) mode.

11. The communication apparatus of claim 8, wherein a
first duplex mode of the plurality of duplex modes is a half-
duplex mode and a second duplex mode of the plurality of
duplex modes is a full duplex mode.

12. The communication apparatus of claim 8, wherein the
signal structure is defined by one or more common transmis-
sion parameters from the group consisting of:
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a signal bandwidth;

a coding rate;

a modulation scheme;

an interleaving;

a coding scheme; and

a timing.

13. An communication apparatus, comprising:

one or more antennas via which signals are transmitted;
and

circuitry configured to receive duplex capability informa-
tion including information identifying duplex modes
supported by the base station, wherein

the duplex capability information is transmitted according
to a signal structure that is common to a plurality of
duplex modes that the electronic device is configured to
support.

14. The communication apparatus of claim 13, wherein the

circuitry is further configured to:

control transmitting an access message to the base station
based on the at least one characteristic.

15. The communication apparatus of claim 13, wherein a

first duplex mode of the plurality of duplex modes is a fre-
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quency division duplex (FDD) mode and a second duplex
mode of the plurality of duplex modes is a time division
duplex (TDD) mode.

16. The communication apparatus of claim 13, wherein a
first duplex mode of the plurality of duplex modes is a fre-
quency division duplex (FDD) mode and a second duplex
mode of the plurality of duplex modes is a time division
duplex (TDD) mode.

17. The communication apparatus of claim 13, wherein a
first duplex mode of the plurality of duplex modes is a half-
duplex mode and a second duplex mode of the plurality of
duplex modes is a full duplex mode.

18. The communication apparatus of claim 13, wherein the
signal structure is defined by one or more common transmis-
sion parameters from the group consisting of:

a signal bandwidth;

a coding rate;

a modulation scheme;

an interleaving;

a coding scheme; and

a timing.



