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DESCRIPTION

Technical Field

[0001] The present invention relates to the field of wireless communication systems, and more
particularly relates to determining TDD configurations applicable for radio frames.

Background Art

[0002] In wireless communication systems, such as defined by Third Generation Partnership
Project (3GPP) Long Term Evolution (LTE/LTE-A) specification, user equipments (UEs) and
base station (i.e.,eNodeB (eNB)) communicate with each other by sending and receiving data
carried in radio signals according to a predefined radio frame format. Typically, the radio frame
format contains a sequence of radio frames, each radio frame having a plurality of sub frames.
Typically, each radio frame is of 10 milliseconds (ms) duration and consisting of two half
frames each of 5ms duration. Each half frame consists of 5 sub frames of 1ms duration. Each
sub frame consists of two slots of 0.5ms duration; each slot consists of a plurality of Orthogonal
Frequency Division Multiplexing (OFDM) symbols.

[0003] Typically, subframes in a radio frame are configured to perform uplink (UL) transmission
and downlink (DL) reception in different duplexing methods. For example, Time Division
Duplex (TDD) mode is a duplexing method to separate transmitting and receiving radio signals
in the time domain such that the same carrier frequency is used for transmission and
reception. LTE release 8 specification (TS 36.300) specifies seven different TDD configurations
to support different DL/UL traffic ratios for different frequency bands when TDD mode is
employed to perform UL transmission and DL reception. In each TDD configuration, each
subframe (SF) of a radio frame is defined as uplink subframe (U), downlink subframe (D) or
special subframe (S). For example, seven TDD configurations are illustrated in Table 1 below:

Table 1
[0004]
[Table 1]
Configuration Switch-point Subframe number
periodicity 0111213 14/51617.819
0 5ms D{iSjuUjujuibDisjujuiu
5ms DiS{Uujui{D{D{SjuUjuUi{D
2 5ms D{iSiU{D{D{D{SjU{Di{D
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Configuration Switch-point Subframe number
periodicity 0111213 14/51617.1819
3 10 ms DiS{uUju{uiD{DiD{D§i{D
4 10 ms D{iS{uUi{u{D{D{D{D{Di{D
5 10 ms DiSi{Uu{D{D{D{D{D{D§i{D
6 5ms D{yS{uUujujiuibD{sSjuijuibD

[0005] During uplink subframe, UE operates in a transmission mode while eNB operates in a
reception mode. During downlink subframe, the UE operates in a reception mode while the
eNB operates in a transmission mode. During special subframe, the eNB switches from
transmission mode to reception mode and the UE switches from reception mode to
transmission mode.

[0006] At any given instance, any of above seven TDD configurations may be configured for a
serving cell. In Long Term Evolution (LTE)Release 12 specification, dynamic TDD
reconfiguration on a cell level is envisioned by adapting TDD configuration according to
prevailing traffic load situation in UL and DL for a concerned cell. The dynamic TDD
reconfiguration of TDD configuration on a cell level allows optimum utilization of radio
resources matching traffic data volume in UL and DL direction.

[0007] In Release 11, 3GPP Radio Access Network (RAN) Working Group 1 evaluated
performance of dynamic TDD reconfiguration on time scale of 10ms (fast), 200ms (medium)
and 640ms (slow) in TR 36.828. The fast adaptation rate of 10ms reconfigures TDD
configuration on a radio frame basis. The slow adaptation rate of 640ms reconfigures TDD
configuration according to minimum system information (SI) change modification period. For
faster reconfiguration, acurrently applicable TDD configuration is notified to a UE through
physical layer signalling via a new Downlink Control Information (DCI) format. The new DCI
format consists of code points to index some or all seven TDD configurations. Typically, a DCI
format indicating new TDD configuration is transmitted on a Packet Data Control Channel
(PDCCH), where UE use System Information Radio Network Temporary Identifier (SI-RNTI) to
decode the DCI format in the common search space of PDCCH.

[0008] In a radio frame, subframes SF#0 and SF#5 are fixed as DL subframes, SF#1 is fixed
as special subframe and SF#2 is fixed as UL subframe. For 5ms switching periodicity
configurations, subframe SF#6 is fixed as DL subframe while subframe SF#7 is fixed as UL
subframe. Hence, subframes SF#3, SF#4, SF#8 and SF#9 are subframes available for flexible
reconfiguration as DL or UL.

[0009] According to LTE Release 8 specification (TS 36.300), in order to enable reasonable
battery power consumption at UE, a discontinuous reception (DRX) cycle is employed per UE
in connected state. Discontinuous reception allows UE to turn off its radio transceiver during
various periods in order to save battery life on the UE. VWhen DRX cycle is configured for a UE,
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the UE switches between on duration (also termed as period of activity) and off duration (also
termed as period of inactivity). During the on duration period, the UE monitors one or more
subframes of a radio frame. Upon expiry of the on duration period, the UE switches to sleep
mode during the off duration period to conserve battery consumption.

[0010] US 2011/0273996 A1 discloses a wireless apparatus for a multi-carrier system, the
wireless apparatus comprising: a control channel unit which monitors a control channel
transmitted via at least one carrier from among a plurality of carriers; and a data channel unit
which transmits or receives data packets to or from a data channel using the resource
allocation received from the control channel. The control channel unit monitors the control
channel in a plurality of search space in a subframe.

[0011] US 2011/0038275 A1 discloses a method for monitoring a control channel in a wireless
communication system.

[0012] EP 2306661 A2 discloses a relay station in a radio communication system and a
method for operating a relay station in a wireless communication system.

[0013] US 2012/0078933 A1 discloses a method and a device for monitoring the control
channel in a multicarrier system.

[0014] US 2009/0259909 A1 discloses systems and methodologies that facilitate signaling
Physical Hybrid Automatic Repeat Request (HARQ) Indicator Channel (PHICH) resource
assignments in a wireless communication environment. At least a portion of a current PHICH
resource assignment for a current Transmission Time Interval (TTI) and at least a portion of a
subsequent PHICH resource assignment for a subsequent TTI can be encoded within a
common encoded signal. Further, the common encoded signal can be sent to an access
terminal during the current TTI. For instance, the common encoded signal can be transmitted
via a Physical Broadcast Channel (PBCH). Alternatively, the common encoded signal can be
sent through dedicated Radio Resource Control (RRC) signaling during handover.; The access
terminal can decode the common encoded signal received from the base station to identify the
current PHICH resource assignment (or portion thereof) and the subsequent PHICH resource
assignment (or portion thereof).

[0015] US 2010/0110897 A1 discloses a method for discontinuously monitoring downlink
control channel in a user equipment in a wireless communication system which includes
receiving a discontinuous reception (DRX) Start Offset from a base station to be used for both
a first DRX Cycle and a second DRX Cycle, and starting an On Duration Timer at a subframe
that satisfies either a first condition for the first DRX Cycle or a second condition for the second
DRX Cycle, wherein a first DRX offset used in the first condition is based upon the DRX Start
Offset received from the base station, and wherein a second DRX offset used in the second
condition is based upon a remainder of the DRX Start Offset received from the base station
after a modulo operation by the second DRX Cycle.
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[0016] US 5809421 A discloses a method for locating variable control channels by a mobile
station in a radiotelephone system that permits the mobile station to quickly find the location of
unknown control channels. A locator beacon is transmitted on one or more common locator
channels from each base station or from a locator transmitter which covers the entire region.
The locator beacon includes control channel location information which defines the location in
the spectrum of a designated control channel. A mobile station, including a roaming mobile
station outside its home service area, tunes to the locator channel and detects the locator
beacon to read the control channel location information. In response, the mobile station tunes
to the frequency of the designated control channel to receive a control signal from the base
station. To prevent co-channel interference, the base stations of a radiotelephone system time
division duplex the broadcast of respective locator beacons.

[0017] WO 01/33888 A1 discloses a method for use in a wireless telecommunications system
for performing a control channel selection procedure. The method includes steps of (a)
invoking the control channel selection procedure; if the mobile station has left a packet data
mode to set up a circuit call, (b) executing a digital control channel service determination
procedure; and if the digital control channel service determination procedure returns a first
failure indication, indicating that it was unable to select either a digital control channel or a
packet control channel, (c) exiting the control channel selection procedure with a second failure
indication set. The digital control channel service determination procedure sets the first failure
condition if a candidate digital control channel is determined to be barred, and no other
candidate digital control channels are indicated as being potentially available, and the mobile
station is unable to receive a message (Beacon PCCH Parameters) that provides information
regarding a packet control channel.

Disclosure of Invention

Technical Problem

[0018] When eNB adapts dynamic TDD reconfiguration to match traffic load situation, TDD UL-
DL configuration may need to be reconfigured for each radio frame. As mentioned above, the
eNB transmits a new DCI format indicating the current TDD UL-DL configuration to the UE on
subframes SF#0 and SF#5 in each radio frame so that the UE knows the TDD UL-DL
configuration for said each radio frame. However, the UE may be operating in an off duration of
the configured DRX cycle when the eNB transmitted a new DCI format indicating the current
TDD UL-DL configuration applicable for the current radio frame in the subframes SF#0 and
SF#5 of the current radio frame. As a consequence, the UE may not be aware of correct TDD
UL-DL configuration applicable for the current radio frame, causing the UE to go out of
synchronization with the eNB.

Solution to Problem
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[0019] The invention is defined by the independent claims. Further aspects of the invention are
outlined in the dependent claims. When the term "embodiment" is used for describing
unclaimed combinations of features, the term has to be understood as referring to examples
useful for understanding the present invention.

[0020] Also disclosed is a method and an apparatus for determining Time Division Duplex
(TDD) Uplink (UL)-Downlink (DL) configuration applicable for a radio frame. In one
embodiment, an eNodeB (eNB) communicates with associated user equipment(s) that a
dynamic configuration is enabled for a serving cell associated with the eNB and signals a set of
TDD UL-DL configurations to the user equipment(s). Further, the eNB communicates a TDD
UL-DL configuration applicable for radio frame(s) from the set of TDD UL-DL configurations to
respective user equipment(s). The respective user equipment(s) monitors PDCCH subframe
and handles DRX timers according to pre-defined actions governed by a set of rules upon
transitioning from a period of inactivity to a period of activity of a DRX cycle when different TDD
UL-DL configurations are dynamically changed on a cell level.

[0021] In a first disclosure, a method comprises: detecting transition from a period of inactivity
to a period of activity of a configured Discontinuous Reception (DRX) cycle; and determining
category of at least one subframe of a radio frame likely to be encountered during the period of
activity, when dynamic reconfiguration of Time Division Duplex (TDD) Uplink (UL) - Downlink
(DL) configurations is enabled, wherein the category of subframe of the radio frame comprises
one of a flexible subframe and a fixed subframe.

[0022] In a second disclosure, the method of the first disclosure further comprises: receiving,
from a serving cell, a dynamic reconfiguration indicator indicating that the dynamic
reconfiguration of TDD UL-DL configurations is enabled for the serving cell; and receiving a
TDD reconfiguration set bitmap indicating a set of TDD UL-DL configurations selected from a
plurality of pre-defined TDD UL-DL configurations when the dynamic reconfiguration of TDD
UL-DL configurations is enabled, wherein the TDD reconfiguration set bitmap is received in
one of system information broadcast message and dedicated Radio Resource Connection
(RRC) signaling message.

[0023] In a third disclosure, the method of the second disclosure wherein the TDD
reconfiguration set bitmap is indexed to the plurality of pre-defined TDD UL-DL configurations,
and the TDD reconfiguration set bitmap comprises bits 0 and 1, where bit '1' indicates an
indexed TDD UL-DL configuration belongs to the indicated set of TDD UL-DL configurations
and bit '0' indicates an indexed TDD UL-DL configuration belongs to the indicated set of TDD
UL-DL configurations.

[0024] In a fourth disclosure, the method of the second disclosure further comprises:
performing intersection operation on corresponding subframes across the indicated set of TDD
UL-DL configurations for each subframe type; determining whether subframe type obtained
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after intersection operation is same as subframe type of the corresponding subframes across
the indicated set of TDD UL-DL configurations; if so, identifying subframe category as fixed
subframe, wherein subframe type associated with the fixed subframe comprises one of
downlink subframe type, special subframe type and uplink subframe type; and if not, identifying
subframe category as flexible subframe, wherein the flexible subframe is an ambiguous
subframe type.

[0025] In a fifth disclosure, the method of the fourth disclosure further comprises:

determining whether the subframe type associated with the fixed subframe is one of the
downlink subframe type and the special subframe type; identifying the fixed subframe as a
PDCCH subframe if the fixed subframe is one of the downlink subframe type and special
subframe type; monitoring PDCCH during the subframe encountered upon waking up from the
period of inactivity of the configured DRX cycle if the encountered subframe is a fixed subframe
identified as PDCCH subframe; counting the fixed subframe towards at least one of on duration
timer, DRX inactivity timer and DRX retransmission timer during the period of activity of the
configured DRX cycle;

determining whether a TDD UL-DL configuration applicable for one or more radio frames is
received from the serving cell during the encountered subframe; if so, applying the TDD UL-DL
configuration for at least one of the one or more radio frames; and if no, determining category
of next subframe likely to be encountered during the period of activity of the configured DRX
cycle.

[0026] In a sixth disclosure, the method of the fourth disclosure further comprises:

extending the period of activity of the configured DRX cycle based on the one or more flexible
subframes encountered during the period of activity, and wherein the fixed subframe identified
as PDCCH subframe corresponds to first subframe and sixth subframe of the radio frame in
which reception of a TDD UL-DL configuration applicable for one or more radio frames is
expected.

[0027] In a seventh disclosure, the method of the fourth disclosure further comprises
performing a pre-defined action based on one of a pre-defined set of rules upon waking up
from the period of inactivity of the configured DRX cycle if the subframe encountered upon
waking up from the period of inactivity is flexible subframe.

[0028] In an eighth disclosure, the method of the seventh disclosure wherein performing the
pre-defined action based on a first rule upon waking up from the period of inactivity comprises:
determining whether the flexible subframe encountered upon waking up from the period of
inactivity of the configured DRX cycle is identified as PDCCH subframe according to an union
operation performed on corresponding subframes across the indicated set of TDD UL-DL
configurations for each subframe type; monitoring PDCCH during the flexible subframe if the
flexible subframe is identified as PDCCH subframe according to the union operation; counting
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the flexible subframe towards at least one of on duration timer, DRX inactivity timer and DRX
retransmission timer during the period of activity of the configured DRX cycle; determining
whether a TDD UL-DL configuration applicable for one or more radio frames is received from
the serving cell during the flexible subframe identified as PDCCH subframe; if so, applying the
TDD UL-DL configuration for at least one of the one or more radio frames; and if not,
determining category of next subframe likely to be encountered during the period of activity of
the configured DRX cycle, and wherein determining whether the flexible subframe encountered
upon waking up from the period of inactivity of the configured DRX cycle is identified as
PDCCH subframe according to the union operation performed on the corresponding
subframes across the indicated set of TDD UL-DL configurations for said each subframe type
comprises: performing union operation on said corresponding subframes across the indicated
set of TDD UL-DL configurations for said each subframe type; determining whether at least
one subframe type of the corresponding subframes is one of downlink subframe type and
special subframe type; and identifying one or more flexible subframes as PDCCH subframe if
the at least one subframe type of corresponding subframes in the indicated set of TDD UL-DL
configurations is one of downlink subframe type and special subframe type.

[0029] In a ninth disclosure, the method of the seventh disclosure wherein performing the pre-
defined action based on a second rule upon waking up from the period of inactivity comprises:
skipping monitoring of PDCCH during the encountered subframe if the category of subframe
encountered upon waking up from the period of inactivity is the flexible subframe; counting the
flexible subframe towards at least one of on duration timer, DRX inactivity timer and DRX
retransmission timer during the period of activity of the configured DRX cycle; and determining
category of next subframe likely to be encountered during the period of activity of the
configured DRX cycle, or skipping monitoring of PDCCH during the encountered subframe if
the category of subframe encountered upon waking up from the period of inactivity is the
flexible subframe; skipping counting the flexible subframe towards at least one of on duration
timer, DRX inactivity timer and DRX retransmission timer during the period of activity of the
configured DRX cycle; and determining category of next subframe likely to be encountered
during the period of activity of the configured DRX cycle, or determining a primary TDD UL-DL
configuration indicated through one of system information block (SIB) message and dedicated
radio resource control (RRC) signaling message; identifying the flexible subframe encountered
upon waking up from the period of inactivity of the configured DRX cycle as a PDCCH
subframe if corresponding subframe of a primary TDD UL-DL configuration is one of downlink
subframe and special subframe; monitoring PDCCH during the flexible subframe; counting the
flexible subframe towards at least one of on duration timer, DRX inactivity timer and DRX
retransmission timer during the period of activity of the configured DRX cycle; determining
whether a TDD UL-DL configuration applicable for one or more radio frames is received from
the serving cell during the flexible subframe identified as PDCCH subframe; if so, applying the
TDD UL-DL configuration for at least one of the one or more radio frames; and if not,
determining category of next subframe likely to be encountered during the period of activity of
the configured DRX cycle.

[0030] In a tenth disclosure, the method of the fourth disclosure further comprises performing
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one of radio resource management (RRM) measurements, radio link monitoring (RLM)
measurements and channel state information (CSI) measurements during the fixed subframe
encountered during the period of activity of the configured DRX cycle, wherein the fixed
subframe is identified as PDCCH subframe.

[0031] In an eleventh disclosure, the method of the first disclosure further comprises receiving
a signaling message indicating at least one of TDD UL-DL configuration applicable for one or
more radio frames, validity information associated with the TDD UL-DL configuration, and a
system frame number (SFN) information, wherein the validity information indicates duration for
which the indicated TDD UL-DL configuration is valid, wherein the SFN information indicates a
system frame number at which the indicated TDD UL-DL configuration is to be applied, and
wherein the signaling message is one of a new Downlink Control Information (DCI) format
message, a TDD configuration Medium Access Control (MAC) Control Element message and a
Radio Resource Connection (RRC) message.

[0032] In a twelfth disclosure, the method of the first disclosure further comprises receiving,
from a serving cell, a dynamic reconfiguration indicator indicating that the dynamic
reconfiguration of TDD UL-DL configurations is enabled for the serving cell; and receiving a
validity information associated with the dynamic reconfiguration indicator indicating duration for
which dynamic reconfiguration of TDD UL-DL configuration is enabled, wherein the dynamic
reconfiguration indicator is received in one of system information broadcast message and
dedicated RRC signaling message.

[0033] In a thirteenth disclosure, the method of the second disclosure further comprises
receiving a validity information associated with the TDD reconfiguration set bitmap indicating
duration for which the set of TDD UL-DL configurations indicated in the TDD reconfiguration
set bitmap are valid.

[0034] In a fourteenth disclosure, the method of the first disclosure further comprises:

receiving a handover command message with a dynamic reconfiguration indicator indicating
that dynamic reconfiguration of TDD UL-DL configurations is enabled for a target cell, or
receiving a handover command message with a cluster indicator indicating whether a target
cell belong to same cluster as of the serving cell or not, or

deferring transmission of data in the flexible subframe following a measurement gap if the
measurement gap is preceded by one of a downlink subframe and special subframe,

or deferring transmission of data in the flexible subframe following a measurement gap if the
measurement gap is preceded by another flexible subframe.

[0035] In a fifteenth disclosure, there is provided an apparatus arranged to perform the
method described in the first to fourteenth disclosures.
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Brief Description of Drawings

[0036]

Figure 1 is a schematic diagram depicting an exemplary wireless network environment,
according to one embodiment.

Figure 2 is a process flowchart illustrating an exemplary method of indicating a Time Division
Duplex (TDD) Uplink (UL)-Downlink (DL) configuration applicable for a radio frame, according
to one embodiment.

Figures 3a and 3b are a process flowchart illustrating an exemplary method of determining
TDD UL-DL configuration for a current radio frame upon waking up from a period of inactivity
of a configured Discontinuous Reception (DRX) cycle, according to one embodiment.

Figure 4 is a schematic representation illustrating a process of monitoring PhysicalDownlink
Control Channel (PDCCH) and counting DRX timers.

Figure 5 is a schematic representation illustrating another process of monitoring PDCCH and
counting DRX timers.

Figure 6 is a schematic representation illustrating extending on duration timer of a DRX cycle
to determine TDD UL-DL configuration applicable for a current radio frame.

Figure 7 is a schematic representation illustrating extending on duration timer of a DRX cycle
to determine TDD UL-DL configuration applicable for a next radio frame.

Figures 8a to 8e illustrate schematic representations of TDD Configuration Medium Access
Control (MAC) Control Element (CE) formats carrying TDD UL-DL configuration applicable for
a current radio frame and/or subsequent radio frame, according to one embodiment.

Figure 9 is a block diagram of an exemplary user equipment, such as those shown in Figure 1,
showing various components for implementing embodiments of the present subject matter.

[0037] The drawings described herein are for illustration purposes only and are not intended to
limit the scope of the present disclosure in any way.

Best Mode for Carrying out the Invention

[0038] In the following detailed description of the embodiments of the invention, reference is
made to the accompanying drawings that form a part hereof, and in which are shown by way of
illustration specific embodiments in which the invention may be practiced. These embodiments
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are described in sufficient detail to enable those skilled in the art to practice the invention, and
it is to be understood that other embodiments may be utilized and that changes may be made
without departing from the scope of the present invention. The following detailed description is,
therefore, not to be taken in a limiting sense, and the scope of the present invention is defined
only by the appended claims.

[0039] The present invention discloses a method for identifying fixed subframes and flexible
subframes during on duration period of a configured Discontinuous Reception (DRX) cycle
when different Time Division Duplex (TDD) Uplink (UL)-Downlink (DL) configurations from
predefined TDD UL-DL configurations are dynamically changed on a cell level in a wireless
network environment. Further, the present invention discloses a method for monitoring
Physical Downlink Control Channel (PDCCH) subframe and handling Discontinuous Reception
(DRX) timers during the on duration period of a configured DRX cycle based on identified
category (e.g., flexible or fixed) of subframes. Further, the present invention discloses a
method for determining current TDD UL-DL configuration applicable for a radio frame(s) from a
set of TDD UL-DL configurations.

[0040] Figure 1 is a schematic diagram depicting an exemplary wireless network environment
100, according to one embodiment. In Figure 1, the wireless network environment 100
includes clusters 102A-102C formed of one or more cells. The cluster 102A includes cell 104A
and cell 104B. The cluster 102B includes cell 104C. The cluster 102C includes cell 104D and
cell 104E. Each of the cells 104A to 104E includes a base station 106 (e.g., eNodeB (eNB))
and one or more user equipments (UEs) 108.

[0041] Each eNB 106 is configured for transmitting a dynamic reconfiguration indicator
indicating to the user equipment(s) 108 that a dynamic configuration is enabled for a serving
cell associated with the respective eNB 106. Also, the eNB 106 is configured for signaling a
TDD reconfiguration set bitmap indicating a set of TDD UL-DL configurations applicable during
the dynamic reconfiguration to the user equipment(s) 108. Further, the eNB 106 is configured
for signaling a TDD UL-DL configuration applicable for a radio frame(s) from the set of TDD
UL-DL configurations when dynamic reconfiguration is enabled for the eNB 106. For example,
when the dynamic reconfiguration is enabled, the eNB 106 transmits a new Downlink Control
Information (DCI) format indicating TDD UL-DL configuration applicable for a radio through
physical layer signaling in subframe #0 (SF#0) and subframe #5 (SF#5) of the radio frame.

[0042] The respective user equipment(s) 108 is configured for monitoring PDCCH subframe
and handling DRX timers upon transitioning from a period of inactivity to a period of activity of a
DRX cycle when different TDD UL-DL configurations from a set of TDD UL-DL configuration is
dynamically changed on a cell level. VWWhen the user equipment(s) 108 receives the TDD UL-DL
configuration applicable for the radio frame during monitoring PDCCH, the user equipment(s)
108 applies the TDD UL-DL configuration for the radio frame. Also, based on the TDD UL-DL
configuration applicable for the radio frame, the user equipment(s) 108 derives Hybrid
Automatic Repeat Request (HARQ) timings for Physical Downlink Shared Channel (PDSCH)
and Physical Uplink Shared Channel (PUSCH) retransmissions and ACK/NACK respectively.
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[0043] When the user equipment(s) 108 misses to receives a new DCIl format and receives a
downlink assignment message or UL grant message during monitoring of PDCCH in a period
of activity, the user equipment(s) 108 performs autonomous denial of ACK/NACK or UL
transmission as the user equipment(s) 108 is not aware of TDD UL-DL configuration applicable
for current radio frame. When the eNB 106 determines that the user equipment(s) 108 has not
sent the ACK/NACK or UL transmission in response to the DL assignment message or the UL
grant message, the eNB 106 understand that the user equipment(s) 108 has missed to receive
the new DCI format indicating TDD UL-DL configuration applicable for the current radio frame.
Accordingly, the eNB 106 signals the TDD UL-DL configuration during a next DL subframe of a
current radio frame where the user equipment(s) 108 is monitoring PDCCH via a new Downlink
Control information (DCl) format message, TDD Configuration Medium Access Control
(MAC)Control Element (CE)message or Radio Resource Control (RRC) message.

[0044] During mobility of the user equipment 108, a serving cell (e.g., the cell 104A) belonging
to a particular cluster (e.g., the cluster 102A) sends a handover command, containing a
dynamic reconfiguration indicator indicating dynamic reconfiguration is enabled for a target cell
(e.g., the cell 104C) belonging to another cluster (e.g., the cluster 102B), to the user
equipment 108. Additionally, in the handover command, the serving cell 104A may send a
cluster indicator indicating TDD UL-DL configuration applicable to the cluster to which the
target cell belongs. If the target cell belongs to the same cluster as the serving cell, then the
cluster indicator in the handover command is set to value '0' which means TDD UL-DL
configuration for the serving cell and the target cell is same.

[0045] When the cell 1 04A belonging to the cluster 102A leaves the cluster 102A and joins
another cluster (e.g., cluster 102B), the cell 104A discards the set of TDD UL-DL configuration
applicable to the cluster 102A and uses the set of TDD UL-DL configurations applicable to the
cluster 104B. If the cell 104A forms a new cluster, the cell 104A determines the set of TDD UL-
DL configurations applicable to the new cluster. When the cell 104A leaves one cluster and
joins another cluster or forms a new cluster, the cell 104Ainforms to neighboring cells 104B-E
through X2 interface. Further, interference avoidance can be accomplished through frequency
domain co-ordination of overlapped UL-DL subframe of adjacent cells through X2 interface.
Frequency domain co-ordination is applicable on cluster level or cell level. For example, if the
cell 104Aof the cluster 102A uses upper frequency partition as UL subframe while the cell
104Cof the cluster 102B uses lower frequency partition as DL subframe in the overlapped UL-
DL subframe of their respective TDD UL-DL configuration. In some embodiments, adjacent
cells having dynamic reconfiguration of TDD UL-DL configuration can co-ordinate the
overlapped UL-DL subframe of their respective TDD UL-DL configuration in frequency domain
applying subframe partitioning such that one cell 104A uses one partition as DL subframe while
the other cell 104B uses the other partition as UL subframe avoiding the overlap.

[0046] LTE specification TS 36.133 specifies the following rule: "For E-UTRAN TDD, the UE do
not transmit in the uplink subframe occurring immediately after the measurement gap if the
subframe occurring immediately before the measurement gap is a downlink subframe”. In the
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context of dynamic reconfiguration the specified rule needs to be extended for the case of
flexible subframe. According to the present invention, the user equipment 108 defers UL
transmission in a flexible subframe occurring immediately after a measurement gap if
subframe occurring immediately before the measurement gap is a downlink subframe or
special subframe. Also, the user equipment 108 defers UL transmission in a flexible subframe
occurring immediately after a measurement gap if subframe occurring immediately before the
measurement gap is a flexible subframe.

[0047] Figure 2 is a process flowchart 200 illustrating an exemplary method of indicating a
TDD UL-DL configuration applicable for a radio frame, according to one embodiment. At step
202, a dynamic reconfiguration indicator indicating applicability of dynamic reconfiguration for a
plurality of radio frames is signaled from the eNB 106. For example, if the dynamic
reconfiguration indicator is set to '1', it implies that the dynamic reconfiguration is enabled for
the serving cell. If the dynamic reconfiguration indicator is set to '0’, then it implies the dynamic
reconfiguration is not enabled for the serving cell. In one exemplary implementation, a dynamic
reconfiguration indicator is signaled through a cell-specific system information broadcast
message or through a UE-specific dedicated Radio Resource Control (RRC) signaling
message. One skilled in the art would understand that the dynamic configuration indicator is
signaled in any other message. In some embodiments, validity information associated with the
dynamic reconfiguration indicator indicating duration for which dynamic reconfiguration of TDD
UL-DL configuration is enabled is also provided to the user equipment 108 along with the
dynamic reconfiguration indicator.

[0048] At step 204, a set of TDD UL-DL configurations is selected from a plurality of TDD UL-
DL configurations. For example, a set of TDD UL-DL configurations (e.g., configurations 0, 1
and 2) are selected from seven TDD UL-DL configurations as depicted in Table 2 below.

Table 2

[0049]

[Table 2]

Configuration; TDD Reconfiguration Subframe number

Set bitmap 01112.1314/5]6]7.819

0 1 D{iSjuUjujuibjsjujuiu
1 1 DiSjuUjuiDi{DiS{UjUi{D
2 1 D{iS{uiD;D{DiS{UDiD
3 0 D{SjuUjuijuiDiD{D{Di{D
4 0 D{SjuUiuijDiDiD{D{iDi{D
5 0 D{SjuUiD{DiDiD{Di{D{D
6 0 DiSjuUiuUijuUiDiSi{iUjuUiD
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[0050] At step 206, the set of TDD UL-DL configurations used for dynamic reconfiguration is
signaled to the user equipment 108. In some embodiments, a "TDD reconfiguration set bitmap"
indicating the set of TDD UL-DL configurations used for dynamic reconfiguration is signaled to
the user equipment 108. The bitmap is indexed to a plurality of pre-defined TDD UL-DL
configurations. The bitmap includes seven bits, each bit indexed to corresponding pre-defined
TDD UL-DL configuration in the Table 2. The "TDD reconfiguration set bitmap" is indexed to
the plurality of pre-defined TDD UL-DL configurations such that the left most bit corresponds to
the TDD UL-DL configurations 0 while the right most bit corresponds to the TDD UL-DL
configurations 6. For example, when TDD UL-DL configurations 0, 1, and 2 are selected for
dynamic reconfiguration, the bitmap [1110000] is signaled to the user equipment 108 which
indicates that the set of TDD UL-DL configuration constitutes TDD UL-DL configurations 0, 1,
and 2. The bit'1' in the "TDD reconfiguration set bitmap" indicates that the corresponding
indexed TDD UL-DL configuration is selected for dynamic reconfiguration while the bit '0’
indicates that the corresponding indexed TDD UL-DL configuration is not selected. In one
exemplary implementation, the "TDD configuration set bitmap" is signaled in a cell-specific
system information broadcast (SIB) message in any of SIBs or a UE specific dedicated RRC
signaling message.

[0051] When the dynamic reconfiguration is enabled and the eNB 106 signals the dynamic
reconfiguration indicator set to '1' to UE 108, then the signaling of a set of TDD UL-DL
configurations in step 204 is optional. In such case, the user equipment 108 assumes all the
seven pre-defined TDD UL-DL configurations indicated in Table 2 are used for dynamic
reconfiguration. In some embodiments, the eNB 106 signals the "TDD reconfiguration set
bitmap" to the UE 108 either through cell-specific system information broadcast or through UE-
specific dedicated RRC signaling. Alternatively, when the dynamic reconfiguration is disabled
and the eNB 106 signals the dynamic reconfiguration indicator set to '0' to the UE 108, then the
user equipment 108 assumes that the dynamic reconfiguration is not enabled for the serving
cell and starts using the TDD UL-DL configuration indicated in a SIB-1 received from the eNB
106. In some embodiments, the serving cell signals a dynamic reconfiguration indicator either
through cell-specific system information broadcast or through UE-specific dedicated RRC
signaling.

[0052] It can be noted that, the eNB 106 need not signal the dynamic reconfiguration indicator
to the UE at step 202, instead the eNB 106 may signal the "TDD reconfiguration set bitmap"
indicating the set of TDD UL-DL configurations applicable for dynamic reconfiguration in the
serving cell. Accordingly, the user equipment 108 understands that the dynamic reconfiguration
is enabled for the serving cell. However, when the dynamic reconfiguration indicator is not
signaled and the TDD reconfiguration set bitmap signaled to the UE indicates single TDD UL-
DL configuration, then the user equipment 108 assumes that the dynamic TDD configuration is
not enabled for the serving cell. In some embodiments, validity information associated with the
"TDD reconfiguration set bitmap" indicating duration for which a set of TDD UL-DL
configurations is valid is also provided to the user equipment 108 along with the "TDD
reconfiguration set bitmap”.
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[0053] At step 208, a TDD UL-DL configuration for a current radio frame is selected by the
eNB 106 from the indicated set of TDD UL-DL configurations. At step 212, a new DCI format
indicating the selected TDD UL-DL configuration is transmitted through a physical layer
signaling in a subframe (e.g., subframe #0 and/or subframe #5) of the current radio frame. In
an exemplary implementation, the new DCI format is 3 bit information addressing the seven
pre-defined TDD UL-DL configurations indicated in Table 2. For example, if the new DCI format
indicates '011', it implies the TDD UL-DL configuration 3 is applicable for the current radio
frame. The DCI format 111 is for future use if a new TDD configuration is defined apart from
the seven configurations indicated in Table 2. Alternatively, the new DCI format indicates the
TDD UL-DL configuration for subsequent radio frame(s). Accordingly, the user equipment 108
applies the TDD UL-DL configuration for the current radio frame and optionally the subsequent
radio frame(s) upon receiving the DCI format. The process steps 208 and 210 may or may not
be repeated for every radio frame. In some embodiments, validity information associated with
the "new DCI format" indicating duration for which the indicated TDD UL-DL configuration is
valid is also provided to the user equipment 108 along with the "new DCI format”.

[0054] Figures 3a and 3b are a process flowchart 300 illustrating an exemplary method of
determining TDD UL-DL configuration for a current radio frame upon waking up from a period
of inactivity of a configured DRX cycle, according to one embodiment. At step 302, a transition
from period of inactivity (also termed as off duration period) to a period of activity (also termed
as on duration period) of the configured DRX cycle is detected. At step 304, category of a
subframe likely to be encountered upon waking up from the period of inactivity is determined
based on a set of TDD UL-DL configurations used for dynamic reconfiguration is indicated by
the eNB 106. In some embodiments, category of subframes is determined by the user
equipment 108 by performing an intersection of downlink (DL) subframes, special subframes
and uplink (UL) subframes across the set of TDD UL-DL configurations upon receiving the
"TDD reconfiguration set bitmap" from the eNB 106. It is appreciated that the intersection
operation is equivalent to logical AND operation. For example, subframe category is
determined as a fixed subframe if subframe type (e.g., DL subframe, UL subframe, special
subframe) after intersection operation matches with the same subframe type across the set of
TDD UL-DL configurations in the corresponding subframe location.

[0055] On the other hand, subframe category is determined as a flexible subframe if subframe
type (e.g., DL subframe, UL subframe, special subframe) does not match with the same
subframe type across the set of TDD UL-DL configurations in the corresponding subframe
location. In these embodiments, category of a subframe likely to be encountered upon waking
up from the period of inactivity is determined based on subframe number in which the user
equipment 108 woke up from the period of inactivity of the configured DRX cycle. For example,
consider that TDD UL-DL configurations 0, 1,2 and 6 are selected for dynamic reconfiguration
among TDD UL-DL configurations 0 to 7 as shown in Table 3.

Table 3
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[0056]

[Table 3]

Configuration TDD Subframe number

Reconfiguration
Set bitmap 0i{1{2;3{4i{5i{6;7;81;09
0 1 D;SjUujuju;Djsjiuju;:u
1 1 DiSsjujuyDiDjSjujui{D
2 1 DiSjuUu{D{yD{D{iSjU{D ;D
3 0 DiSjujujyuibiDiD{D D
4 0 DiS{uiyu{DiDiD{D{D ;D
5 0 DiS{u{iD{yD{iDiD{D{D}{D
6 1 DiS{ujujyuibDjysjui{uibD
Subframe Category FX{FX{FX{FL § FL {FX{FX{FX§ FL §{ FL
Subframe Type DiS{U{AM(AM{D {S { U {AM;AM
PDCCH subframe accordingto{ P { P P;iP
intersection operation rule

[0057] The user equipment 108 determines subframe category for each subframe location
(subframes #0 to #9) across the TDD UL-DL configurations 0, 1,2, and 6 by performing
intersection operation for each subframe type (e.g., DL subframe, UL subframe and special
subframe) across the set of TDD UL-DL configurations 0, 1,2, and 6 for corresponding
subframe location. For example, the user equipment 108 performs intersection of DL subframe
for subframe #0 (SF#0) across the TDD UL-DL configurations 0, 1, 2, and 6 and determines
the subframe category associated with the (SF#0) as fixed subframe indicated as 'FX' in Table
3. Similarly, the user equipment 108 performs intersection of each subframe type for (SF#3)
across the TDD UL-DL configurations 0, 1, 2, and 6 and determines the subframe category
associated with the SF#3 as flexible subframe indicated as 'FL' in Table 3. In this manner, the
user equipment 108 can determine subframe category for each of subframes #0 to #9 of a
radio frame. Accordingly, upon waking up from the period of inactivity, the user equipment 108
can determine category of subframe in a current radio frame that is likely to be encountered
using on pre-determined category of subframes in the current radio frame. For example, if the
user equipment 108 wakes up at subframe #0 (SF#0) of a radio frame, the user equipment
108 determines that the subframe #0 (SF#0) is a fixed subframe. Alternatively, if the user
equipment 108 wakes up at subframe #3 (SF#3) of the radio frame, the user equipment 108
determines that the subframe #3 is a flexible subframe. From the user equipment 108
perspective, when the user equipment108 wakes from a period of inactivity of the configured
DRX cycle and encounters a flexible subframe, then the encountered subframe is ambiguous
to the UE 108 (indicated as 'AM'’ in Table 3) because the TDD UL-DL configuration applicable
to the current radio frame is not known to the user equipment 108. From the eNB 106
perspective, the flexible subframe means that the subframe type can be configured either as D
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or U. From the user equipment 108 perspective, the subframe type is not known to the user
equipment 108 (i.e., ambiguous as whether the subframe type is downlink or uplink) when the
UE wakes up from the period of inactivity of the configured DRX cycle and encounters a flexible
subframe category.

[0058] At step 306, it is determined whether the subframe encountered upon waking up from
the inactive period is a fixed subframe. If it is determined that the subframe is the fixed
subframe, then at step 308, it is determined whether the fixed subframe is a PDCCH subframe.
In some embodiment, the fixed subframe is identified as a PDCCH subframe if the subframe
type corresponding to the fixed subframe is one of a downlink subframe or a special subframe
indicated as 'P' in Table 3. At step 310, PDCCH is monitored during the fixed subframe and
step 320 is performed. Also, at step 310, counting of the fixed subframe towards at least one of
the DRX timers (e.g., on duration timer, DRX inactivity timer and/or DRX retransmission timer)
is performed during the period of activity of the configured DRX cycle.

[0059] If, at step 306, it is determined that the subframe is a flexible subframe, then at step
312, it is determined whether PDCCH is to be monitored during the flexible subframe. If it is
determined that the PDCCH is to be monitored during the flexible subframe, then at step 314,
the PDCCH is monitored during the flexible subframe. If it is determined that PDCCH is not to
be monitored during the flexible subframe, then step 316 is performed. At step 316, it is
determined whether count of the flexible subframe towards the DRX timers is to be performed
during period of activity of the DRX cycle. If the count of the flexible subframe towards the DRX
timers is to be performed, then at step 318, the count of flexible subframes encountered during
the period of activity of the DRX cycle is incremented towards the respective DRX timers.
Otherwise, the process is routed to step 304 in which it is determined whether subsequent
subframe during the period of activity of the DRX cycle is a fixed subframe or a flexible
subframe.

[0060] According to the present invention, the user equipment 108 determines whether
PDCCH is to be monitored on the flexible subframe and count of the flexible subframe is to be
performed based on a set of rules. In one embodiment, upon receiving a set of TDD UL-DL
configurations from the eNB 106, union of subframe types corresponding to each subframe is
performed across the set of TDD UL-DL configurations according to an union operation rule. It
is appreciated that, the union operation is equivalent to a logical OR operation. One or more
flexible subframes among the flexible subframes are identified as PDCCH subframe if at least
one subframe type in the corresponding subframe location across the indicated set of TDD UL-
DL configurations is one of a downlink subframe or a special subframe as shown in Table 4.

Table 4

[0061]
[Table 4]
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Configuration {TDD Reconfiguration Subframe number
Set bitmap 011123 1415/6(718)09
0 1 DiSjUjuiuiD{iS{jUiU}iU
1 1 DiSjUujui{bDiDiS{UiU ;D
2 1 DiS{iUuyDiDiD{SjUi{D{D
3 0 DiSjuUjujuiD{DyDiD {D
4 0 DiSsjUujyuiyD;D{D{D;D {D
5 0 D{iSjuyD{Di{D{D{D{D }{D
6 1 D{SjUjuiuiDisjuiu;bD
Subframe Category FX{FX{FX{FL i FL {FX{FX{FX; FL { FL
Subframe Type DiS{UAM{AM;: D { S U {AM{AM
PDCCH subframe according to union{ P ;{ P Pi{iPi{P{P Pi{P
operation rule

[0062] In Table 4, subframe #3 (SF#3) is a flexible subframe which can considered for PDCCH
monitoring according to the union operation rule. SF#3 in the TDD UL-DL configuration 2 is 'D".
Therefore, according to union operation rule, flexible subframe SF#3 can be considered as
PDCCH subframe as indicated as 'P' in Table 4. Similarly, subframes #4, #8, and #9 are flexible
subframes and can be considered as PDCCH subframe according to the union operation rule.

[0063] During the activity period of the DRX cycle, it is determined whether the flexible
subframe belongs to the one or more flexible subframes which are identified as PDCCH
subframes based on subframe number associated with the flexible subframe. If one or more
flexible subframes are considered as PDCCH subframe according to the union operation rule,
then PDCCH is monitored during the flexible subframe. Also, the flexible subframe identified as
PDCCH subframe is counted towards the respective DRX timers during the activity period of
the DRX cycle.

[0064] In another embodiment, PDCCH is not monitored during the flexible subframe as all the
subframe types corresponding to the flexible subframe across the set of TDD UL-DL
configurations do not contain DL subframe or special subframe. In Table 3, subframe #3
(SF#3) is a flexible subframe which is not considered for PDCCH monitoring according to the
intersection operation rule. However, the flexible subframe is counted during the period of
activity of the configured DRX cycle according to the union operation rule.

[0065] In yet another embodiment, PDCCH is not monitored during the flexible subframe and
the flexible subframe is not counted during the activity period of the DRX cycle.

[0066] In further another embodiment, a primary TDD UL-DL configuration from the indicated
set of TDD UL-DL configurations is determined. Further, a subframe type of a primary TDD
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UL-DL configuration corresponding to the flexible subframe is used to determine whether the
flexible subframe can be considered as PDCCH subframe. It is determined whether the
subframe type corresponding to the flexible subframe in the primary TDD UL-DL configuration
is a DL subframe or a special subframe. If the subframe type is downlink subframe or a special
subframe, then the corresponding flexible subframe is considered as PDCCH subframe. For
example, if the flexible subframe corresponds to subframe #4 (SF#4) and subframe type
corresponding to the subframe #4 of the primary TDD UL-DL configuration is downlink
subframe or special subframe, then the flexible subframe (SF#4) is identified as PDCCH
subframe as shown in Table 5.

Table 5
[0067]
[Table 5]
Configuration TDD Subframe number
Reconfiguration
Set bitmap 0j1{2;3 {456 ;7;:83i09
0 1 DisSsjuiju;u ;bDbisjujuiu
1 1 DiSjUuiu;D;DiSjUjU ;D
2 1 D{S{uUuiD{D{D{ySiU;iDi{D
3 0 DiSiuiuiu{D{D{DiyD {D
4 0 D{iS{uiui{D{D{D{D{D {D
5 0 D{iS{uiD{D{D{D{DiD {D
6 0 D{iSjuiuijuiybDyS{juiju;bD
Subframe Category FX{FX{FX{FL{ FL {FX{FX{FX; FL ; FL
Subframe Type D{S{U{AM(IAM{D}{S ;U AM{AM
PDCCH subframe accordingto{ P | P P{P}i{P P
primary TDD configuration (i.e
Configuration 1)

[0068] Following the primary TDD configuration rule, subframes #3 and #8 are flexible
subframes but not considered as PDCCH subframes while SF#4 and SF#9 are considered as
PDCCH subframes.

[0069] If the corresponding subframe type in the primary TDD configuration is DL subframe or
special subframe, PDCCH is monitored during the flexible subframe according to following the
primary TDD configuration rule. Further, the flexible subframe is counted towards the DRX
timers during the activity period of the DRX cycle. This is applicable when one TDD UL-DL
configuration in the set of TDD UL-DL configurations is signaled as a primary TDD UL-DL
configuration via a SIB1. For example, the primary TDD UL-DL configuration is a TDD UL-DL
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configuration generally used by legacy user equipment 108s for Hybrid Automatic Repeat
Request (HARQ) timing and DRX operation. It can be noted that, depending on traffic
conditions, the eNB 106 may change primary TDD UL-DL configuration and notify the change
in the primary TDD UL-DL configuration to the user equipment 108 via a system information
change notification procedure which has a minimum modification period of 640ms. For
example, current primary TDD UL-DL configuration is configuration 1 when a set of TDD UL-
DL configuration 0, 1 and 2 are used for dynamic reconfiguration as shown in Table 5.
Suppose a TDD UL-DL configuration 2 is set as a primary TDD UL-DL configuration. In such
case, the eNB 106 indicates the change in primary TDD UL-DL configuration from the TDD UL-
DL configuration 1 to the TDD UL-DL configuration 2 as primary TDD UL-DL configuration via
SIB-1.

[0070] In yet a further embodiment, a subframe type of the primary TDD UL-DL configuration
corresponding to the flexible subframe is used to determine whether the flexible subframe can
be considered as PDCCH subframe. It is determined whether the subframe type corresponding
to the flexible subframe in the primary TDD UL-DL configuration is a DL subframe. If the
subframe type is a downlink subframe, then the corresponding flexible subframe is considered
as PDCCH subframe and PDCCH is monitored during the flexible subframe. Further, the
corresponding flexible subframe is counted towards the DRX timers during the period of activity
of the DRX cycle. This is applicable when one TDD UL-DL configuration in the set of TDD UL-
DL configurations is signaled as a primary TDD UL-DL configuration via a SIB1.

[0071] In still another embodiment, information on PDCCH subframes are explicitly indicated to
the user equipment 108 by the eNB 106 via system information broadcast message or a
dedicated signaling message. It is determined whether the flexible subframe is a PDCCH
subframe based on the PDCCH subframes indicated by the eNB 106. If the flexible frame is a
PDCCH frame, PDCCH is monitored during the flexible subframe. Further, the flexible
subframe is counted towards the DRX timers during the activity period of the DRX cycle.

[0072] In further another embodiment, PDCCH subframe is pre-configured in the user
equipment 108 when the dynamic reconfiguration is enabled for the serving cell. If the flexible
frame corresponds to a PDCCH frame, PDCCH is monitored during the flexible subframe.
Further, the flexible subframe is counted towards the DRX timers during the activity period of
the DRX cycle.

[0073] At step 320, it is determined whether a TDD UL-DL configuration applicable for a
current radio frame is received during monitoring of the PDCCH. For example, the user
equipment 108, while monitoring PDCCH, may receive a signaling message indicating at least
one of TDD UL-DL configuration applicable for one or more radio frames, validity information
associated with the TDD UL-DL configuration, and/or a system frame number (SFN)
information. For example, the user equipment 108 may receive the TDD UL-DL configuration if
the subframe is subframe #0 or subframe #5 of the current radio frame. The TDD UL-DL
configuration is selected from the indicated set of TDD UL-DL configurations and is signaled in
the PDCCH subframe. The validity information indicates duration for which the indicated TDD
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UL-DL configuration is valid. The SFN information indicates a system frame number (SFN) at
which the indicated TDD UL-DL configuration is to be applied. The signaling message is one of
a new Downlink Control Information (DCI) format message, a TDD Configuration Medium
Access Control (MAC) Control Element (CE) message and a Radio Resource Control (RRC)
message. It can be noted that, the step 320 is performed when the PDCCH is monitored
irrespective of whether the count of the PDCCH subframe is performed or not.

[0074] If the TDD UL-DL configuration is received, then at step 322, the TDD UL-DL
configuration is applied during remaining subframes of the current radio frame that are likely to
be encountered during the period of activity of the DRX cycle. If the TDD UL-DL configuration
applicable for the current radio frame is not received, then the process is routed at step 304.

[0075] Figure 4 is a schematic representation 400 illustrating a process of monitoring PDCCH
and counting DRX timers. Consider that the eNB 106 has configured TDD UL-DL
configurations 0, 1 and 2 for dynamic reconfiguration from the TDD UL-DL configurations 0-6
for the serving cell. Also, consider that the user equipment 108 has received a dynamic
reconfiguration indicator indicating that dynamic TDD UL-DL configuration is enabled for the
serving cell and has indicated applicability of the TDD UL-DL configurations 0, 1, and 2 in a
TDD reconfiguration set bitmap.

[0076] Upon receiving the TDD UL-DL configurations 0, 1, and 2, the user equipment 108
determines category of subframes by performing an intersection operation on downlink (DL)
subframes, special subframes and uplink (UL) subframes across the set of TDD UL-DL
configurations 0, 1 and 2. Also, the user equipment 108 identifies PDCCH frames across the
set of TDD UL-DL configurations 0, 1 and 2 by performing union operation on DL subframe
and special subframe across the set of TDD UL-DL configurations.

[0077] Now consider that, TDD UL-DL configurations 2, 0, and 1 are configured for radio
frames #1, #2 and #3 respectively as depicted in Figure 4. For the purpose of illustration,
consider that DRX start offset is equal to 3ms, ON duration timer is equal to 4ms, and DRX
cycle is of 10ms length, and DRX inactivity timer is equal to Oms.

[0078] According to the configured DRX cycle, the user equipment 108 wakes up from the
period of inactivity in the subframe #3 of the radio frame #2and enters period of inactivity at the
end of subframe #6 on expiry of the on duration timer. The user equipment 108 is not aware of
the TDD UL-DL configuration applicable for the radio frame #2 when it wakes up in SF#3 of
radio frame #2. From the user equipment perspective, SF#3 is an ambiguous subframe as the
user equipment 108 determines that the subframe #3 is a flexible frame according to the
intersection operation. Further, the user equipment 108 determines that the subframe #3
corresponds to one of the identified PDCCH subframes according to the rule governed by
union operation for identifying PDCCH subframe as shown in Table 6 below.

Table 6
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[0079]
[Table 6]
Configuration {TDD Reconfiguration Subframe number
Set bitmap 011123 .415/617/8)09
0 1 DiSjUujuiu;D{iSjuUi{u;u
1 1 DiS{uUjuiDiD{iSjUiU}{D
2 1 DiS{uyD{iDiD{SjUiD}i{D
3 0 DiSsj{jUujuju;DiD{D{D{D
4 0 DiSs{UujuiDiD{iD{D{D{D
5 0 DiS{UuyDiD;iDiD{D{D{D
6 0 DiSjujuijiuiDisjuiuiD
Subframe Category FX{FXiFX{FL { FL {FX{FX{FX; FL { FL
Subframe Type DiS{UAM{AM; D {S ;U {AM{AM
PDCCH subframe according to union{ P | P PiPi{P{P PP
operation rule

[0080] Accordingly, the user equipment 108 monitors PDCCH during the subframe #3 and
counts the flexible subframe towards the on duration timer. Consider that, during PDCCH
monitoring, the user equipment 108 does not receive a TDD UL-DL configuration applicable for
the radio frame #2. Further, the user equipment 108 determines category of the subframe #4.
The user equipment 108 determines that the subframe #4 is also a flexible subframe and
monitors PDCCH during the subframe #4 and counts the flexible subframe towards on duration
timer according to the union operation rule. However, the user equipment 108 does not receive
TDD UL-DL configuration applicable for the radio frame #2 in SF#4 since from the eNB
perspective SF#4 is an uplink subframe.

[0081] Since the user equipment 108 has not received a TDD UL-DL configuration in the
subframe #3 and subframe #4, the user equipment 108 further determines the category of
subframe #5 as fixed subframe. As subframe type associated with the subframe #5 is downlink
subframe, the user equipment 108 monitors PDCCH during the subframe #5. During the
PDCCH monitoring, the user equipment 108 receives a new DCI format that signals TDD UL-
DL configuration for the radio frame #2, or a DL assignment message on PDSCH and/or a
TDD Configuration MAC CE indicating TDD UL-DL configuration applicable for the radio frame
#2. The user equipment 108 applies the TDD UL-DL configuration (i.e., the configuration 0)
received in the subframe #5. Furthermore, the user equipment 108 monitors PDCCH and
counts DRX timers based on the applied TDD UL-DL configuration for the remaining activity
period of the DRX cycle. Since the DRX inactivity timer is equal to Oms, the ON duration timer
expires after subframe #6 and the user equipment 108 enters period of inactivity after the
subframe #6. If the user equipment 108 has received a DL assignment message in the
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subframe #5 or subframe #6 of the radio frame #2, the user equipment 108 performs HARQ
ACK/NACK according to timing for the TDD UL-DL configuration 0. In this manner, the user
equipment 108 determines TDD UL-DL configuration applicable during the radio frame #2.

[0082] The above process is repeated when the user equipment 108 wakes up from a period
of inactivity of the DRX cycle a next time. For example, the user equipment 108 wakes up in
the subframe #3 of the radio frame #3 which is a flexible subframe as shown in Table 6. The
user equipment 108 monitors the PDCCH during the subframe #3 according to union operation
rule but does not receive a TDD UL-DL configuration applicable for the radio frame #3. Then,
the user equipment 108 increments the on duration timer and proceeds with the subframe #4
and determines that the subframe #4 is a flexible subframe. Further, the user equipment 108
determines that the subframe #4 is a PDCCH subframe based on the union operation
performed on the set of TDD UL-DL configuration 0, 1 and 2. Accordingly, the user equipment
108 monitors the PDCCH during the subframe #4 and counts the DRX timer. Consider that the
user equipment 108 receives a new DCI format or DL assignment message on PDSCH along
with TDD Configuration MAC CE containing TDD UL-DL configuration applicable for the radio
frame #3 or only the TDD Configuration MAC CE containing TDD UL-DL configuration. Based
on the TDD UL-DL configuration received from the eNB 106, the user equipment 108 monitors
PDCCH during the remaining period of activity of the configured DRX cycle.

[0083] Figure 5 is a schematic representation 500 illustrating another process of monitoring
PDCCH and counting DRX timers. According to the process illustrated in Figure 5, the user
equipment 108 does not monitor PDCCH when a flexible frame is encountered according to
the rule governed by intersection operation for identifying PDCCH subframe as shown in Table
7, but counts the flexible subframe towards the on duration timer during the period of activity of
the DRX cycle.

[0084] According to the configured DRX cycle, the user equipment 108 wakes up from the
period of inactivity in the subframe #3 of the radio frame #2 and enters period of inactivity at
the end of subframe #6 as the on duration timer is 4ms and inactivity timer is Oms. Since the
user equipment 108 is not aware of the TDD UL-DL configuration applicable for the radio
frame #2, the user equipment 108 may not know which of subframes to be monitored during
period of activity.

[0085] Upon waking up from the period of inactivity, the user equipment 108 determines that
the subframe #3 is a flexible frame. Further, the user equipment 108 determines that the
subframe #3 does not correspond to one of the identified PDCCH subframes according to the
intersection operation. Accordingly, the user equipment 108 does not monitor PDCCH during
the subframe #3. However, the user equipment 108 determines that the flexible subframe
needs to be counted towards the on duration timer during the period of activity. Hence, the
user equipment 108 counts the flexible subframe towards the period of activity as shown in
Figure 5 and the user equipment 108 moves to subframe #4 (SF#4) and determines that
subframe #4 (SF#4) is also a flexible subframe. The user equipment 108 does not monitor the
PDCCH in the SF#4 according to the intersection operation rule. However, the user equipment
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108 counts the flexible frame towards the on duration timer during the period of activity of the
DRX cycle.

[0086] Since the user equipment 108 has not monitored PDCCH in the subframe #3 and
subframe #4, there is no possibility of knowing the TDD UL-DL configuration applicable for the
radio frame #2. Therefore, the user equipment 108 determines subframe category for the
subframe #5. The user equipment 108 determines that the subframe #5 is fixed subframe.
Also, the user equipment 108 determines that PDCCH is to be monitored according to the
intersection operation rule as the fixed subframe #5 is a PDCCH subframe. In one
embodiment, the user equipment 108 refers to the Table 7 below to determine whether
PDCCH is to be monitored during the fixed subframe #5. Accordingly, the user equipment 108
monitors the PDCCH during the fixed subframe #5 while the on duration timer is incremented.

Table 7
[0087]
[Table 7]
Configurati TDD Subframe number
on Reconfiguration
Set bitmap 0i{1;2;{3 ;4 i5;6;7;{81:;9
0 1 D{ySs{ujyuUuiu {D;iS{uUjuiu
1 1 D;ySs{yujyu;bD;D;SjUjuU ;D
2 1 DySjuiybiD{DjySjuUijDi{D
3 0 DySjujuiju ;DiyD{iDiD}{D
4 0 DiySjyujyu;DDyD{iD{D}{D
5 0 DyS{u;yb{iDyDiD{D{jDi{D
6 0 DySs{ujuUujuiDjsSiuju ;D
Subframe Category FX{FX{FXiFL i FL{FX{FX{FXi{FL}FL
Subframe Type DiS{U{AMi(AM{D {S ;U jAM{AM
PDCCH subframe according { P { P P{P
to intersection operation rule

[0088] During the PDCCH monitoring, the user equipment 108 receives a new DCI format that
signals TDD UL-DL configuration for the radio frame #2, or a DL assignment message on
Physical Downlink Shared Channel (PDSCH) and/or a TDD Configuration MAC CE message
indicating TDD UL-DL configuration applicable for the radio frame #2. The user equipment 108
applies the TDD UL-DL configuration (i.e., the configuration 0) received in the subframe #5.
Furthermore, the user equipment 108 monitors PDCCH and performs counting of DRX timers
based on the applied TDD UL-DL configuration for the remaining activity period of the DRX
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cycle. Since the DRX activity timer is equal to Oms, the ON duration timer expires after
subframe #6 and the user equipment 108 enters period of inactivity after the subframe #6. If
the user equipment 108 has received a DL assignment message in the subframe #5 or
subframe #6 of the radio frame #2, the user equipment 108 performs HARQ ACK/NACK
according to timing for the TDD UL-DL configuration 0. In this manner, the user equipment 108
determines TDD UL-DL configuration applicable during the radio frame #2.

[0089] The above process is repeated when the user equipment 108 wakes up from a period
of inactivity of the DRX cycle a next time. For example, the user equipment 108 wakes up in
the subframe #3 (SF#3) of the radio frame #3 which is anambiguous type subframe and
determines the category of subframe#3 as flexible subframe. According to the intersection
operation rule to identify PDCCH subframe, the user equipment 108 does not monitor the
PDCCH during the subframe #3 and the subframe #4 as the subframe #3 and subframe #4 are
not identified as PDCCH subframe but counts the subframe #3 and subframe #4 towards the
on duration timer of the configured DRX cycle. The user equipment 108 monitors PDCCH
during the subframe #5 and subframe #6 according to the intersection operation as the
subframe #5 and the subframe #6 are fixed subframes of DL and special type respectively as
shown in Figure 5. Consider that the user equipment 108 receives a new DCI format or DL
assignment message on PDSCH along with TDD Configuration MAC CE containing TDD UL-
DL configuration (e.g., configuration 1) applicable for the radio frame #3 or just the TDD
Configuration MAC CE message containing TDD UL-DL configuration. Based on the TDD UL-
DL configuration 1, the user equipment 108 monitors PDCCH during the remaining period of
activity and performs counting of DRX timers accordingly.

[0090] Figure 6 is a schematic representation 600 illustrating extending on duration timer of a
DRX cycle to determine TDD UL-DL configuration applicable for a current radio frame.
Consider that, for dynamic reconfiguration, TDD UL-DL configurations 2, 0, and 1 are
configured for radio frames 1, 2 and 3 respectively. For the purpose of illustration, consider
that DRX start offset is equal to 3ms, ON duration timer is equal to 2ms, and DRX cycle is of
10ms length, and DRX inactivity timer is equal to Oms.

[0091] According to the configured DRX cycle, the user equipment 108 wakes up from a period
of inactivity in subframe #3 of a radio frame #2. Also, the user equipment 108 is not aware of a
TDD UL-DL configuration applicable for the radio frame #2. It can be seen from Figure 6 that
subframe #3 and subframe #4 are coinciding with period of activity of the DRX cycle and the on
duration timer expires at the end of SF#4. Further, the user equipment 108 determines that the
subframe #3 and subframe #4 are flexible subframes. The user equipment 108 monitors
PDCCH during the subframe #3 and the subframe #4 and counts the flexible subframes
towards the on duration timer during the period of activity. Consider that the user equipment
108 has not received TDD UL-DL configuration applicable for the radio frame #2 in the
subframe #3 and the subframe #4.

[0092] As the on duration timer expires at the end of subframe #4 and the user equipment 108
did not receive a new DCI format or DL assignment message during the subframe #3 and the
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subframe#4 of the radio frame #2, the user equipment 108 extends the on duration timer for
1ms duration as the subframe #5 is a fixed subframe. In some embodiments, the eNB 106
signals a new DCI format indicating a TDD UL-DL configuration applicable for a radio frame in
a first half (e.g., subframe #0) and second half (subframe #5) of said radio frame. Thus, the
user equipment 108 extends the on duration timer by 1ms as the user equipment 108 expects
a new DCI format indicating a TDD UL-DL configuration applicable for the radio frame #2 in the
subframe #5. Accordingly, the user equipment 108 monitors PDCCH during the subframe #5
and receives new DCI format or DL assignment message along with a TDD Configuration MAC
CE indicating TDD UL-DL configuration applicable for the radio frame #2. Exemplary TDD
Configuration MAC CE used for indicating TDD UL-DL configuration is shown in Figures 8a-8e.
It can be noted that, the eNB 106 signals a TDD Configuration MAC CE indicating a TDD UL-
DL configuration on a PDSCH of a DL subframe where the user equipment 108 is expected to
wake up from a period of inactivity or ON duration timer is running. It can be noted that, the
TDD Configuration MAC CE received on the PDSCH is addressed by PDCCH using C-RNTI.

[0093] Figure 7 is a schematic representation 700 illustrating extending on duration timer of a
DRX cycle to determine TDD UL-DL configuration applicable for a next radio frame. Consider
that, for dynamic reconfiguration, TDD UL-DL configurations 2, 0, and 1 are configured for
radio frames 1, 2 and 3 respectively. For the purpose of illustration, consider that DRX start
offset is equal to 8ms, ON duration timer is equal to 2ms, and DRX cycle is of 10ms length, and
DRX inactivity timer is equal to Oms.

[0094] Suppose the user equipment 108 wakes up from a period of inactivity in subframe #8 of
a radio frame #2. Also, the user equipment 108 is not aware of a TDD UL-DL configuration
applicable for the radio frame #2. It can be seen from Figure 7 that subframe #8 and subframe
#9 are coinciding with period of activity of the DRX cycle and the on duration timer expires at
the end of SF#9. Further, the user equipment 108 determines that the subframe #8 and
subframe #9 are flexible sub frames. The user equipment 108 monitors PDCCH during the
subframe #8 and the subframe #9 and counts the flexible subframes towards the on duration
timer during the period of activity. Consider that the user equipment 108 has not received TDD
UL-DL configuration applicable for the radio frame #2 in the subframe #8 and the subframe #9.

[0095] As the on duration timer expires at the end of subframe #9 and the user equipment 108
did not receive a new DCI format or DL assignment message during the subframe #8 and the
subframe#9 of the radio frame #2, the user equipment 108 extends the on duration timer for
1ms duration as subframe #0 of a radio frame #3 is a fixed subframe. Since the eNB 106
signals a new DCI format indicating a TDD UL-DL configuration applicable for a radio frame in
a first half (e.g., subframe #0) and second half (subframe #5) of said radio frame, the user
equipment 108 extends the on duration timer by 1ms as the user equipment 108 expects a
new DCI format indicating a TDD UL-DL configuration applicable for the radio frame #3 in the
subframe #0. Accordingly, the user equipment 108 monitors PDCCH during the subframe #0
and receives a new DCI| format or DL assignment message along with a TDD Configuration
MAC CE indicating TDD UL-DL configuration applicable for the radio frame #3.
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[0096] Figures 8a to 8e illustrate schematic representations of TDD Configuration MAC CE
formats carrying TDD UL-DL configuration applicable for a current radio frame and/or
subsequent radio frame, according to one embodiment. In some embodiments, the eNB 106
communicates TDD UL-DL configuration applicable for a radio frame in a TDD Configuration
MAC CE depicted in Figures 8a to 8e instead of a new DCI format when medium to slow
reconfiguration in order of few hundreds of milliseconds is desired.

[0097] Figure 8a illustrates a schematic representation depicting various fields of a TDD
Configuration MAC CE 800, according to one embodiment. In Figure 8a, the TDD
Configuration MAC CE 800 includes reserved fields 802A-C, a TDD configuration field 804, and
a validity timer 806. The TDD configuration field 804 indicates a TDD UL-DL configuration
applicable for a current radio frame. For example, the TDD configuration field 804 indicates
which TDD UL-DL configuration out of the indicated set of TDD UL-DL configuration is
configured for the current radio frame. For example, if the TDD UL-DL configuration O is
configured for the current radio frame, the TDD configuration field 804 indicates '000'. The
validity timer field 806 indicates time period for which the TDD UL-DL configuration indicated by
field 804 is applicable for one or more radio frames. For example, the validity timer value may
be equal to 320ms, 640ms, 1280ms, and 2560ms.

[0098] Referring to Figure 8b, the TDD Configuration MAC CE 810 includes reserved fields
812A-B, and a TDD configuration field 814A-B. The TDD configuration field 814A indicates
TDD UL-DL configuration applicable for current radio frame. The TDD configuration field 814B
indicates TDD UL-DL configuration application for a subsequent radio frame(s).

[0099] Referring to Figure 8c, the TDD Configuration MAC CE 820 is similar to the TDD
Configuration MAC CE 800 of Figure 8a, except the TDD Configuration MAC CE 820 includes
additional SFN field 822 of 2 bits. The SFN field 822 indicates an absolute SFN start value for
when the user equipment 108 has apply a TDD UL-DL configuration indicated in the TDD
configuration field 804. For example, 2 bits SFN start value may be {SFNO, SFN256, SFN 512,
SFN768}.

[0100] Referring to Figure 8D, the TDD Configuration MAC CE 830 is similar to the TDD
Configuration MAC CE 820 of Figure 8c, except the TDD Configuration MAC CE 830 includes
SFN field 822 of 3 bits size. For example, 3 bits SFN start value may be {SFNO, SFN128,
SFN256, SFN384, SFN 512, SFN640, SFN768, SFN896}.

[0101] Referring to Figure 8e, the TDD Configuration MAC CE 840 is similar to the TDD
Configuration MAC CE 820 of Figure 8c, except the TDD Configuration MAC CE 840 includes
SFN field 822 of 10 bits size. The values for validity timer and SFN should be treated as
example and not the limiting case.

[0102] In additional embodiments, the user equipment 108 may perform radio resource
management (RRM)/radio link monitoring (RLM)/ channel state information (CSI)
measurements during fixed subframe(s) of downlink or special type for maintaining accuracy of
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measurements.

[0103] Figure 9 is a block diagram of the user equipment 108 showing various components for
implementing embodiments of the present subject matter. In Figure 9, the user equipment 108
includes a processor 902, memory 904, a read only memory (ROM) 906, a transceiver 908, a
bus 910, a display 912, an input device 914, and a cursor control 916.

[0104] The processor 902, as used herein, means any type of computational circuit, such as,
but not limited to, a microprocessor, a microcontroller, a complex instruction set computing
microprocessor, a reduced instruction set computing microprocessor, a very long instruction
word microprocessor, an explicitly parallel instruction computing microprocessor, a graphics
processor, a digital signal processor, or any other type of processing circuit. The processor 902
may also include embedded controllers, such as generic or programmable logic devices or
arrays, application specific integrated circuits, single-chip computers, smart cards, and the like.

[0105] The memory 904 and the ROM 906 may be volatile memory and non-volatile memory.
The memory 904 includes executable instructions 918, which when executed by the processor
902, causes the processor 902 to perform method steps according to one or more
embodiments described in Figures 3 to 7. A variety of computer-readable storage media may
be stored in and accessed from the memory elements. Memory elements may include any
suitable memory device(s) for storing data and machine-readable instructions, such as read
only memory, random access memory, erasable programmable read only memory, electrically
erasable programmable read only memory, hard drive, removable media drive for handling
compact disks, digital video disks, diskettes, magnetic tape cartridges, memory cards, and the
like.

[0106] Embodiments of the present subject matter may be implemented in conjunction with
modules, including functions, procedures, data structures, and application programs, for
performing tasks, or defining abstract data types or low-level hardware contexts. The
executable instructions 918 may be stored on any of the above-mentioned storage media and
may be executable by the processor 902. For example, a computer program may include the
executable instructions 918, that when executed by the processor 902, cause the processor
902 to perform method steps according to the teachings and herein described embodiments of
the present subject matter. In one embodiment, the computer program may be included on a
compact disk-read only memory (CD-ROM) and loaded from the CD-ROM to a hard drive in
the non-volatile memory.

[0107] The bus 910 acts as interconnect between various components of the user equipment
108. The components such as the transceiver 908, the display 912, the input device 914, and
the cursor control 916 are well known to the person skilled in the art and hence the explanation
is thereof omitted.
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Patentkrav

1. Fremgangsmade til modtagelse af mindst én tidsdelingsdupleks (TDD),

uplink (UL), downlink (/DL)-konfiguration, der kan anvendes pa mindst én ramme
ved hjeelp af et brugerudstyr (UE) (108), i et tradlgst kommunikationssystem,
hvilken fremgangsmade omfatter:

modtagelse, foretaget af UE'et (108}, af en systeminformationsblok (SIB) fra en
basisstation (BS) (106), idet SIB'en indbefatter en ferste TDD UL/DL-konfigura-
tion,

overvagning, foretaget af UE'et (108), af en fysisk downlink-kontrolka-

nal (PDCCH), transmitteret fra BS'en (106) pa mindst én DL-underramme, der er
indbefattet i en aktivvarighed af en diskontinuerlig modtagelses (DRX)-cyklus,
idet den mindst ene DL-underramme er indikeret i den fgrste TDD-UL/DL-konfigu-
ration,

modtagelse, foretaget af UE'et (108}, af information om mindst én anden TDD-
UL/DL-konfiguration pa den overvagede PDCCH, og

anvendelse, foretaget af UE'et (108), af den mindst ene anden TDD-UL/DL-konfi-
guration pa den mindst ene ramme baseret pd den modtagne information,

hvor PDCCH'en overvages baseret pa en identifikator af UE'et (108}, og

hvor aktivvarigheden gentages periodisk baseret pa periodicitetsinformation for

overvagning af PDCCH'en.

2. Fremgangsmade ifglge krav 1, der endvidere omfatter:
udferelse af én af radioressourcestyrings (RRM)-malinger, radioforbindelsesover-
vagnings (RLM)-malinger og kanalstatusinformations (CSIl)-malinger i lebet af ak-

tivvarighedsperioden.

3. Brugerudstyr (UE) (108) i et tradlest kommunikationssystem, hvilket UE (108)
omfatter:

en transceiver (908), der er konfigureret til at modtage en systeminformations-
blok (SIB) fra en basisstation (BS) (106), idet SIB'en indbefatter en farste tidsde-
lingsdupleks (TDD), uplink (UL), downlink (/DL)-konfiguration, og

en processor (902), der er konfigureret til at:

overvage en fysisk downlink-kontrolkanal (PDCCH}), transmitteret fra BS'en (106)
pa mindst én DL-underramme, der er indbefattet i en aktivvarighed af en diskon-
tinuerlig modtagelses (DRX)-cyklus, idet den mindst ene DL-underramme er indi-

keret i den ferste TDD-UL/DL-konfiguration,
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styre transceiveren (908) til at modtage information om den mindst ene anden
TDD-UL/DL-konfiguration pa den overvagede PDCCH, og

anvende den mindst ene anden TDD-UL/DL-konfiguration pa den mindst ene
ramme baseret pa den modtagne information,

hvor PDCCH'en overvages baseret pa en identifikator af UE'et (108}, og

hvor aktivvarigheden gentages periodisk baseret pa periodicitetsinformation for

overvagning af PDCCH'en.

4. UE (108) ifalge krav 3, hvor processoren (902) endvidere er konfigureret til at:
udfere én af radioressourcestyrings (RRM)-malinger, radioforbindelsesovervag-
nings (RLM)-malinger og kanalstatusinformations (CSl}-maélinger i lgbet af aktiv-

varighedsperioden.

5. Fremgangsmade til transmission af mindst én tidsdelingsdupleks (TDD),
uplink (UL), downlink (/DL)-konfiguration, der kan anvendes pa mindst én ramme
ved hjeelp af en basisstation (BS) (106), i et tradlgst kommunikationssystem,
hvilken fremgangsmade omfatter:

transmission, foretaget af BS'en (106) til et brugerudstyr (UE) (108), af en sy-
steminformationsblok (SIB), der indbefatter en forste TDD-UL/DL-konfiguration,
0g

transmission, foretaget af BS'en (106) til UE'et (108), af information om mindst
én anden TDD-UL/DL-konfiguration gennem en fysisk downlink-kontrolka-

nal (PDCCH), pa mindst én DL-underramme,

hvor den mindst ene DL-underramme er indbefattet i en aktivvarighed af en dis-
kontinuerlig modtagelses (DRX)-cyklus og er indikeret af den forste TDD-UL/DL-
konfiguration,

hvor den mindst ene anden TDD-UL/DL-konfiguration anvendes pa den mindst
ene ramme baseret pa informationen, og

hvor PDCCH'en overvages baseret pa en identifikator af UE'et (108}, og

hvor aktivvarigheden gentages periodisk baseret pa periodicitetsinformation for

overvagning af PDCCH'en.

6. Fremgangsmade ifglge krav 5, hvor én af radioressourcestyrings (RRM)-malin-
ger, radioforbindelsesovervagnings (RLM)-malinger og kanaltilstandsinformati-

ons (CSl)-malinger udferes af UE'et (108) i lebet af aktivvarighedsperioden.

7. Basisstation (BS) (106) i et tradlest kommunikationssystem, hvilken BS (106)

omfatter:
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en transceiver, og

en processor, der er konfigureret til at styre transceiveren til at:

transmittere, til et brugerudstyr UE (108), en systeminformationsblok (SIB), der
indbefatter en fgrste tidsdelingsdupleks (TDD), uplink (UL}, downlink (/DL)-konfi-
guration, og

transmittere, til UE'et (108), information om mindst én anden TDD-UL/DL-konfi-
guration gennem en fysisk downlink-kontrolkanal (PDCCH), pa mindst én DL-un-
derramme,

hvor den mindst ene DL-underramme er indbefattet i en aktivvarighed af en dis-
kontinuerlig modtagelses (DRX)-cyklus og er indikeret af den forste TDD-UL/DL-
konfiguration,

hvor den mindst ene anden TDD-UL/DL-konfiguration anvendes pa mindst én
ramme baseret pa informationen, og

hvor PDCCH'en overvages baseret pa en identifikator af UE'et (108}, og

hvor aktivvarigheden gentages periodisk baseret pa periodicitetsinformation for

overvagning af PDCCH'en.

8. BS (106) ifglge krav 7, hvor én af radioressourcestyrings (RRM)-malinger, ra-
dioforbindelsesovervagnings (RLM)-malinger og kanaltilstandsinformations (CSI)-

malinger udferes af UE'et (108) i Igbet af aktivvarighedsperioden.
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[Fig. 3a]
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[Fig. 3b]
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[Fig. 6]
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[Fig. 8a]
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[Fig
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[Fig. 8c]
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[Fig. 8d]
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[Fig. 8e]
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[Fig. 9]
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