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DRX AND HARQ OPERATIONS IN ADAPTIVE
TDD SYSTEMS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is filed under 35 U.S.C. §111(a)
and is based on and hereby claims priority under 35 U.S.C.
§120 and §365(c) from International Application No. PCT/
CN2014/083717, with an international filing date of Aug. 5,
2014, which in turn claims priority from International Appli-
cation No. PCT/CN2013/080904, filed on Aug. 6, 2013. This
application is a continuation of International Application No.
PCT/CN2014/083717, which claims priority from Interna-
tional Application No. PCT/CN2013/080904. International
Application No. PCT/CN2014/083717 is pending as of the
filing date of this application, and the United States is a
designated state in International Application No. PCT/
CN2014/083717. This application claims the benefit under 35
US.C. §119 from International Application No. PCT/
CN2013/080904. The disclosure of each of the foregoing
documents is incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates generally to wireless
communication systems and, more particularly, to Discon-
tinuous Reception (DRX) operation in adaptive Time Divi-
sion Duplex (TDD) systems.

BACKGROUND

[0003] Inwireless communication systems, such as defined
by 3GPP Long Term Evolution (LTE/LTE-A) specification,
user equipments (UE) and base stations (eNodeB) communi-
cate 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 the same frame length with
the same number of subframes. The subframes are configures
to perform uplink (UL) transmission or downlink (DL) recep-
tion in different Duplexing methods. Time-division duplex
(TDD) is the application of time-division multiplexing to
separate transmitting and receiving radio signals. TDD has a
strong advantage in the case where there is asymmetry of the
uplink and downlink data rates. Seven different TDD con-
figurations are provided in LTE/LTE-A systems to support
different DL/UL traffic ratios for different frequency bands.
[0004] FIG. 1 (Prior Art) illustrates the TDD mode UL-DL
configurations in an LTE/LTE-A system. FIG. 1 shows that
each radio frame contains ten subframes, D indicates a DL
subframe, U indicates an UL subframe, and S indicates a
Special subframe/Switch point (SP). Each SP contains a
DwPTS (Downlink pilot time slot), a GP (Guard Period), and
an UpPTS (Uplink pilot time slot). DwPTS is used for normal
downlink transmission and UpPTS is used for uplink channel
sounding and random access. DWPTS and UpPTS are sepa-
rated by GP, which is used for switching from DL to UL
transmission. The length of GP needs to be large enough to
allow the UE to switch to the timing advanced uplink trans-
mission. These allocations can provide 40% to 90% DL sub-
frames.

[0005] In 3GPP LTE Rel-11 and after, the trend of the
system design shows the requirements on more flexible con-
figuration in the network system. Based on the system load,
traffic type, traffic pattern and so on, the system can dynami-
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cally adjust its parameters to further utilize the radio resource
and to save the energy. One example is the support of dynamic
TDD configuration, where the TDD configuration in the sys-
tem may dynamically change adapting to the DL-UL traffic
ratio. When the change better matches the instantaneous traf-
fic situation, the system throughput will be enhanced.
[0006] Intraditional TDD systems, UL-DL configuration is
broadcasted in the system information, i.e. SIB1. The mecha-
nism for adapting UL-DL allocation is based on the system
information change procedure. The semi-static allocation
may or may not match the instantaneous traffic situation. In
adaptive TDD systems, the notification of TDD change may
be sent through a dedicated signaling, i.e., Radio Resource
Control (RRC), Media Access Control (MAC) or Physical
Downlink Control Channel (PDCCH) signaling, where the
change period may be much less than the change of SIB1 (640
ms). The benefits to adopt TDD configuration change by
dedicated signaling is that it can be adjusted more efficiently
and frequently to match the instantaneous traffic pattern.
[0007] Inorder to enable reasonable UE battery consump-
tion, discontinuous reception (DRX) in E-UTRAN is defined.
The UE may be configured via RRC with a DRX functionality
that controls the UE’s PDCCH monitoring activity for the
UE’s C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI
and Semi-Persistent Scheduling C-RNTI (if configured).
When in RRC_CONNECTED mode, if DRX is configured,
the UE is allowed to monitor the PDCCH discontinuously
using the DRX operation. Otherwise, the UE monitors the
PDCCH continuously. The DRX parameters are configured
by eNodeB, a trade-oftf between UE battery saving and
latency reduction of data transmission.

[0008] FIG. 2 (Prior Art) illustrates a DRX Cycle where the
periodic repetition of the On Duration followed by a possible
period of inactivity. The following definitions may apply to
DRX in E-UTRAN: 1) on-duration: a duration in downlink
subframes that the UE waits for, after waking up from DRX,
to receive PDCCHs. If the UE successfully decodes a
PDCCH, the UE stays awake and starts the inactivity timer; 2)
inactivity-timer: a duration in downlink subframes that the
UE waits to successfully decode a PDCCH, from the last
successful decoding of a PDCCH, failing which it re-enters
DRX. The UE shall restart the inactivity timer following a
single successful decoding of a PDCCH for a first transmis-
sion only (i.e. not for retransmissions); 3) active-time: the
total duration that the UE is awake. This includes the “on-
duration” of the DRX cycle, the time UE is performing con-
tinuous reception while the inactivity timer has not expired
and the time UE is performing continuous reception while
waiting for a DL retransmission after one HARQ RTT. Based
on the above, the minimum active time is of length equal to
on-duration, and the maximum is undefined.

[0009] More specifically, when a DRX cycle is configured,
the Active Time includes the time while 1) onDurationTimer
or drx-InactivityTimer or drx-RetransmissionTimer or mac-
ContentionResolutionTimer is running; 2) a Scheduling
Request is sent on PUCCH and is pending; 3) an uplink grant
for a pending HARQ retransmission occurs and there is data
in the corresponding HARQ bufter; or 4) a PDCCH indicat-
ing a new transmission addressed to the C-RNTT of the UE
has not been received after successful reception of a Random
Access Response for the preamble not selected by the UE.
The DRX timers and HARQ RTT timer are all counted in
PDCCH subframe, which may cause problems in adaptive
TDD systems because frequent TDD configuration changes
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may lead to non-alignment counting in PDCCH subframe in
eNodeB and UE sides. DRX operations in adaptive TDD
systems thus need to be enhanced.

SUMMARY

[0010] Solutions on DRX timers and HARQ RTT timer
counting in adaptive TDD systems are proposed in the
embodiments of this invention. Several scenarios and the
corresponding solutions are discussed.

[0011] In one embodiment, the onDurationTimer, drx-In-
activityTimer and drx-RetransmissionTimer can be counted
in PDCCH subframe of the actual TDD configuration. eNo-
deB and UE should count the PDCCH subframe according to
the new TDD configuration when TDD configuration change
applies. The HARQ RTT timer can be determined by Table 2
or the HARQ RTT timer can be set as k'+4 where k' is the
interval between the downlink transmission and the transmis-
sion of associated HARQ feedback in the combination of old
TDD configuration and new TDD configuration. In one
example, k' can be determined by predefined rules. In another
example, k' can be the number of subframes between a pre-
vious downlink transmission and a subsequent nearest uplink
transmission for HARQ feedback, wherein k' is greater or
equal to four.

[0012] In another embodiment, if DL reference configura-
tion is used as the reference configuration of PDCCH sub-
frame counting, the onDurationTimer, drx-InactivityTimer
and drx-RetransmissionTimer are counted based on the
PDCCH subframes in DL reference configuration. The
HARQ RTT timer per DL. HARQ process should also count
according to the DL reference configuration. In one example,
the DL reference configuration is with the most schedulable
DL subframes.

[0013] In another embodiment, if UL reference configura-
tion is used as the reference configuration of PDCCH sub-
frame counting, the onDurationTimer, drx-InactivityTimer
and drx-RetransmissionTimer are counted based on the
PDCCH subframes in UL reference configuration. However,
the HARQ RTT timer per DL HARQ process should still
count according to the DL reference configuration. In one
example, the UL reference configuration is with the most
schedulable UL subframes.

[0014] In another embodiment, the TDD configuration
broadcasted in SIB1 can be used as reference configuration of
PDCCH subframe counting. The onDurationTimer, drx-In-
activityTimer and drx-RetransmissionTimer are counted
based on the PDCCH subframes in SIB1 TDD configuration.
The HARQ RTT timer per DL. HARQ process should also
count according to the SIB1 TDD configuration. In one
example, UL reference configuration is broadcasted in SIB1
as the reference configuration.

[0015] In yet another embodiment, the onDurationTimer,
drx-InactivityTimer, and drx-RetransmissionTimer are
counted in subframe basis (instead of PDCCH subframe
counting) regardless of TDD configuration.

[0016] Other embodiments and advantages are described in
the detailed description below. This summary does not pur-
port to define the invention. The invention is defined by the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings, where like numerals
indicate like components, illustrate embodiments of the
invention.
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[0018] FIG. 1 (Prior Art) illustrates the TDD mode UL-DL
configurations in an LTE/LTE-A system.

[0019] FIG. 2 (Prior Art) illustrates an UTE/LTE-A mobile
communication system with adaptive TDD configuration.
[0020] FIG. 3 illustrates an LTE/LTE-A mobile communi-
cation system with adaptive TDD configuration and DRX
operation in accordance with one novel aspect.

[0021] FIG. 4is a simplified block diagram of a user equip-
ment and a base station with DRX operation in adaptive TDD
systems in accordance with one novel aspect.

[0022] FIG. 5A illustrates DRX onDurationTimer and rela-
tionship to PDCCH subframe counting.

[0023] FIG. 5B illustrates drx-InactivityTimer and rela-
tionship to PDCCH subframe counting.

[0024] FIG. 5C illustrates drx-RetransmissionTimer and
HARQ RTT timer.

[0025] FIG. 6A illustrates examples of different TDD con-
figurations and relationship to DRX timers.

[0026] FIG. 6B illustrates examples of different TDD con-
figurations and corresponding operation procedure of differ-
ent timers.

[0027] FIG. 7 illustrates an example of downlink (DL) ref-
erence configuration.

[0028] FIG. 8 illustrates an example of uplink (UL) refer-
ence configuration.

[0029] FIG. 9 shows an example of MAC PDU sub-header
format with one reserved DRX status report.

[0030] FIG. 10 shows an example of six reserved bits left in
the first Octet used to capture DRX timer values.

[0031] FIG. 11 illustrates a method of sending DRX status
report in accordance with one novel aspect.

[0032] FIG. 12 is a flow chart of a method of DRX opera-
tion enhancement in adaptive TDD systems in accordance
with one novel aspect.

[0033] FIG. 13 is a flow chart of a method of HARQ opera-
tion enhancement in adaptive TDD systems in accordance
with one novel aspect.

DETAILED DESCRIPTION

[0034] Reference will now be made in detail to some
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings.

[0035] FIG. 3 illustrates an overview of LTE/LTE-A mobile
communication system 300 with adaptive TDD configuration
and DRX operation in accordance with one novel aspect. LTE
system 300 comprises a user equipment UE 301 and a serving
base station eNB 302. In step 311, UE 301 establishes a radio
resource control (RRC) connection with eNB 302 and is
configured to enter discontinuous reception (DRX) operation
for power saving purpose. The LTE system supports adaptive
time division duplex (TDD) configuration, where the TDD
configuration in the system may dynamically change accord-
ing to the downlink-uplink (DL-UL) traffic ratio. The tradi-
tional mechanism for adapting UL-DL allocation is based on
the system information change procedure (e.g., broadcasting
TDD configuration via SIB1). However, since TDD configu-
ration may change frequently (e.g., TDD configuration
switch is 10 ms most frequently), UE behavior may be
impacted if the TDD change is not sent to UEs in time (e.g.,
SIB1 is updated at least 640 ms). In adaptive TDD systems,
the notification of TDD change may be sent through a dedi-
cated signaling, i.e., RRC, MAC or PDCCH signaling, where
the change period may be much less than the change of SIB1
(640 ms). The benefits to adopt TDD configuration change by
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dedicated signaling is that it can be adjusted more efficiently
and frequently to match the instantaneous traffic pattern.
[0036] In DRX operation, the various DRX timers includ-
ing onDurationTimer, drx-InactivityTimer, and drx-Retrans-
missionTimer are counted in PDCCH subframes. However,
in adaptive TDD operation, since the TDD configurations
may change frequently, UE may not know or may lose the
knowledge of the actual TDD configuration even with dedi-
cated signaling. In such a case, the PDCCH subframe count-
ing may not be aligned between eNB and UE sides so that the
active state and inactive state for DRX operation may not be
aligned in eNB and UE sides. If the counting of these timers
does not match, then it is possible that UE is awake but
Network does not transmit anything or Network transmits
data for the UE but UE is in inactive mode. In the former case,
unnecessary PDCCH monitoring occurs in the non-align-
ment area and results in UE power consumption. In the latter
case, data would be missed in the UE side and retransmission
is expected, which results in radio resource waste.

[0037] In accordance with one novel aspect, solutions to
support the DRX operations in adaptive TDD systems are
proposed. In step 312, UE 301 obtains adaptive TDD con-
figuration information from eNB 302. In step 313, UE 301
also obtains reference TDD configuration information from
eNB 302. Based on the obtained information, UE 301 per-
forms DRX timer counting and HARQ RTT timer counting in
steps 314 and 315. Finally, in step 316, UE 301 sends a DRX
status report to eNB 302 such that the DRX status is synchro-
nized. In addition, UE 301 may obtain updated TDD configu-
ration from eNB 302.

[0038] FIG. 4 is a simplified block diagram of a user equip-
ment UE 401 and a base station eNB 402 with DRX operation
in adaptive TDD systems in accordance with one novel
aspect. UE 401 comprises memory 411, a processor 412, an
RF transceiver 413, and an antenna 419. RF transceiver 413,
coupled with antenna 419, receives RF signals from antenna
419, converts them to baseband signals and sends them to
processor 412. RF transceiver 413 also converts received
baseband signals from processor 412, converts them to RF
signals, and sends out to antenna 419. Processor 412 pro-
cesses the received baseband signals and invokes different
functional modules to perform features in UE 401. Memory
411 stores program instructions and data 414 to control the
operations of UE 401. The program instructions and data 414,
when executed by processor 412, enables UE 401 to access a
mobile communication network for receiving adaptive TDD
configuration information, and performing DRX operation
accordingly.

[0039] UE 401 also comprises various function modules
including a TDD configuration management module 415 that
performs actual and/or reference TDD configurations, a DRX
configuration and operation module 416 that performs DRX
configuration and operation, a DRX status report and TDD
synchronization module 417 that sends DRX status report
and receives TDD configuration synchronization, and an
HARQ configuration and operation module 418 that per-
forms HARQ configuration and operation for HARQ process
and timer counting. The different components and modules
may be implemented in a combination of hardware circuits
and firmware/software codes being executable by processor
412 to perform the desired functions. Similarly, eNB 402
comprises memory 421, a processor 422, a transceiver 423
coupled to one or multiple antennas 429, and eNB 402 also
comprises various function modules including a TDD con-
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figuration management module 425 that configures actual
and/or reference TDD configurations to UE, a DRX configu-
ration and operation module 426 that performs DRX configu-
ration and operation, and a DRX management and TDD syn-
chronization module 427 that receives DRX status report
from UE and sends TDD configuration synchronization to
UE. Both eNB and UE communicate with each other via a
layered protocol stack including various protocols layers
such as PHY, MAC, RLC, PDCP, RRC, and NAS.

[0040] Whena DRX cycle is configured, the Active Time—
the total duration that the UE is awake—includes the “On
Duration” of the DRX cycle, the time UE is performing
continuous reception while the inactivity timer has not
expired, and the time UE is performing continuous reception
while waiting for a DL retransmission after one HARQ RTT.
More specifically, the Active Time includes the time while 1)
onDurationTimer or drx-Inactivity Timer or drx-Retransmis-
sionTimer or mac-ContentionResolutionTimer is running; 2)
a Scheduling Requestis sent on PUCCH and is pending; 3) an
uplink grant for a pending HARQ retransmission occurs and
there is data in the corresponding HARQ buffer; or 4) a
PDCCH indicating a new transmission addressed to the
C-RNTI of the UE has not been received after successful
reception of a Random Access Response for the preamble not
selected by the UE. Among which, the timers running in
Active Time are depicted in FIGS. 5A-5C.

[0041] FIG. 5A illustrates onDurationTimer. The OnDura-
tionTimer defines a duration in downlink subframes that the
UE waits for after waking up from DRX to receive PDCCHs.
If'the UE successtully decodes a PDCCH, the UE stays awake
and starts the inactivity timer. The onDurationTimer specifies
the number of consecutive PDCCH-subframes at the begin-
ning ofa DRX cycle (value in number of PDCCH subframes).
The On Duration starts upon the start subframe according to
drxStartOffset, and stops upon the onDurationTimer is
expired or when a DRX command MAC control element is
received.

[0042] FIG. 5B illustrates drx-InactivityTimer, which
defines a duration in downlink subframes that the UE waits to
successfully decode a PDCCH, from the last successful
decoding of a PDCCH, failing which it re-enters DRX. The
UE shall restart the inactivity timer following a single suc-
cessful decoding of a PDCCH for a first transmission only.
The drx-InactivityTimer specifies the number of consecutive
PDCCH-subframes after successfully decoding a PDCCH
indicating an initial UL or DL user data transmission for this
UE (value in number of PDCCH subframes). The inactivity
time duration starts or restarts upon the PDCCH indicates a
new transmission (DL or UL), which does not include SPS
transmission, and regardless of whether DL data is decoded
successfully or not. The inactivity time duration stops upon
the timer expires or when a DRX command MAC control
element is received.

[0043] FIG. 5C illustrates drx-RetransmissionTimer and
HARQ RTT timer. Drx-RetransmissionTimer specifies the
maximum number of consecutive PDCCH-subframes for as
soon as a DL retransmission is expected by the UE (value in
number of PDCCH subframes). The drx-Retransmission-
Timer starts if a HARQ RTT timer expires in this subframe
and the data in the soft buffer of the corresponding HARQ
process was not successtully decoded. The drx-Retransmis-
sionTimer stops if the PDCCH indicates a DL transmission or
if a DL assignment has been configured for this subframe
during Active Time. Another DRX timer (not shown) is the
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mac-ContentionResolutionTimer, which specifies the num-
ber of consecutive subframes during which the UE shall
monitor the PDCCH after Msg3 is transmitted.

[0044] There is one HARQ RTT timer and one drx-Re-
transmissionTimer per DL HARQ process (except for broad-
cast process). During Active Time, for a PDCCH-subframe,
for example, if the subframe is not part of a configured mea-
surement gap, and if the PDCCH indicates a DL transmission
or if a DL assignment has been configured for this subframe,
then UE will start the HARQ RTT Timer for the correspond-
ing HARQ process. In FDD, HARQ RTT timer is eight sub-
frames. In TDD, the duration of HARQ RTT Timer is set to
k+4 subframes, where k is the interval between the downlink
transmission and the transmission of associated HARQ feed-
back. Table 2 shows the HARQRTT Timer value ineach TDD
configuration. In Table 2, the first parameter is k, which
means given a DL transmission in a subframe, after k sub-
frame, UE should feedback ACK/NACK to eNB. The second
parameter, (k+4), is the HARQ RTT timer. For example, if a
UE receives a DL new transmission in subframe 0 of TDD
configuration #2, then the UE should feedback ACK/NACK
in subframe 0+7 (k=7), and the HARQ RTT timer should set
as k+4=7+4=11. As a result, the HARQ RTT timer should
count down 11 subframes. Note that whether HARQ RTT
timers are running or not does not affect Active Time deter-
mination.

TABLE 2
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tionTimer, drx-InactivityTimer, or drx-RetransmissionTimer
can be counted in PDCCH subframes of the actual TDD
configuration. Both eNB and UE should count the PDCCH
subframes according to the new TDD configuration when
TDD configuration change applies.

[0047] FIG. 6A illustrates examples of different TDD con-
figurations and their relationship to DRX timers. In this
example, eNB configures TDD configurations from configu-
ration #0 to #6 to #1 per radio frame basis, and both eNB and
UE know it well, so that the three DRX timers counted in
PDCCH subframes can be counted according to the TDD
configuration #0, #6 and #1 and it should be 4, 5, and 6
PDCCH subframes, respectively.

[0048] FIG. 6B illustrates examples of different TDD con-
figurations and corresponding operation procedure of differ-
ent timers. In a first embodiment, the HARQ RTT timer can
be determined by Table 2 depending on which subframe in
which configuration where the PDCCH indicates a DL trans-
mission or a DL assignment has been configured. In a second
embodiment, the HARQ RTT timer can be set as k'+4, where
k' is the interval between the downlink transmission and the
transmission of associated HARQ feedback in the combina-
tion of 0old TDD configuration and new TDD configuration. In
a first example, k' can be determined by a pre-defined rule. In
a second example, k' can be defined as the interval between
the downlink transmission and the nearest uplink subframe to

K/HARQ RTT timers (k +4)

Uplink-downlink Subframe number

Configuration 0 1 2 3 4 5 6 7 8 9

0 48 610 48 610

1 711 6/10 48 711 610 48
2 711 6/10 48 ®12 711 610 48 812
3 48 1115 711 610 610 59 59
4 12716 11115 812 711 711 610 59 48
5 12716 11115 913 §12 711 610 5/9 48 1317
6 711 711 711 711 5/9

[0045] PDCCH-subframe refers to a subframe with carry the transmission of the associated HARQ feedback

PDCCH. For full-duplex TDD, PDCCH-subframe represents
the union of downlink subframes and subframes including
DwPTS of all serving cell, except serving cells that are con-
figured with scheduled cell ID. For half-duplex TDD,
PDCCH-subframe represents the subframes where the
PCELL is configured as a downlink subframe or a subframe
including DwPTS. It can been seen that in DRX operation,
onDurationTimer, drx-InactivityTimer, and drx-Retransmis-
sionTimer are counted in PDCCH subframes. However, in
adaptive TDD operations, since the TDD configurations may
change frequently, UE may not know or may lose the knowl-
edge of the actual TDD configuration. In such a case, the
PDCCH subframe counting may not be aligned between eNB
and UE sides so that the active state and inactive state for
DRX operation may not be aligned in eNB and UE sides.
Various solutions to support the DRX operations in adaptive
TDD systems are now described with accompanying draw-
ings.

[0046] In a first scenario, PDCCH subframe counting is
based on the actual TDD configuration. If eNB signals the

actual TDD configuration to UE and both eNB and UE know
when to apply the new TDD configuration, then the onDura-

which should be greater than or equal to 4 subframes of the
downlink transmission subframe no matter in what combina-
tions of TDD configuration changes (old TDD configuration
and new TDD configuration). After determining k', the dura-
tion of the HARQ RTT Timer is set to k'+4 subframes.

[0049] Asillustrated in FIG. 6B, in one example, a DL data
transmission is scheduled by an eNB to a UE in SF #1 in TDD
configuration #0 with DL HARQ Process ID=m. The HARQ
feedback according to the rule: the nearest uplink subframe
greater than or equal to 4 subframes of the downlink trans-
mission should be transmitted in SF #7 in TDD configuration
#0. In this case, k' is set to 6 and the HARQ RTT timer should
be set to 10. After HARQ RTT timer expires in a subframe, if
the data in the soft buffer of the corresponding HARQ process
was not successfully decoded, the DRX-Retransmission
timer for the corresponding HARQ process should be started.
In another example, a DL data transmission is scheduled by
an eNB to a UE in SF #5 in TDD configuration #6 with DL
HARQ Process ID=n. The following TDD configuration in
the next radio frame is TDD configuration #1. Thus, the
HARQ feedback according to the rule should be transmitted
in SF #2 in TDD configuration #1. k' in this case is set to 7 and



US 2016/0043834 Al

the HARQ RTT timer should be set to 11. After HARQ RTT
timer expires in a subframe, if the data in the soft buffer of the
corresponding HARQ process was not successtully decoded,
the DRX-Retransmission timer for the corresponding HARQ
process should be started.

[0050] Ina second scenario, PDCCH subframe counting is
based on a reference configuration. The reference configura-
tion can be either a downlink reference configuration or an
uplink reference configuration. In order to deal with the
HARQ feedback in the transition of TDD configuration
changes, eNB may schedule a DL reference configuration and
an UL reference configuration to adaptive-TDD-enabled
UEs. The DL reference configuration is with the most schedu-
lable DL subframes and is used to indicate the UL HARQ
reference timing (the timing where UE sends HARQ feed-
back for the DL transmission to eNB), while the UL reference
configuration is with the most schedulable UL subframes and
isused to indicate the DL, HARQ reference timing (the timing
where UE expects HARQ feedback for the UL transmission
from eNB). The TDD configuration relationship of DL refer-
ence configuration, scheduling configuration and UL refer-
ence configuration should follow equation (1):

DL subframe set in UL reference configurationC M
DL subframe set in scheduling configurationC

DL subframe set in DL reference configurat

[0051] where the DL subframe set includes DL sub-
frames and special subframes.

[0052] With DL and UL reference configuration, eNB
should explicitly configure a cell specific DL reference con-
figuration and a cell specific UL reference configuration to
adaptive-TDD-enabled UEs. One example is to signal the DL,
and UL reference configuration to UE through system infor-
mation or through RRC signaling. For example, to prevent the
legacy UEs and the UEs that do not know the exact scheduling
TDD configuration to perform incorrect measurement on a
subframe which is broadcasted in SIB1 as DL but is turned to
be operated as UL, the TDD configuration broadcasted in the
SIB1 should be an UL reference configuration, which is with
the less DL subframes or in other words, is with the most UL
subframes. The DL reference configuration can also be
broadcasted in the SIB1 with extended information element.
The change of DL and UL reference configurations can be
done through system information change procedure.
[0053] Another example is to configure the DL and UL
reference configurations through dedicated signaling. For
example, the DL and UL reference configurations can be
configured to an adaptive-TDD-enabled UE through RRC
signaling. The change of DL and UL reference configurations
can be done through RRC connection reconfiguration.
Another example is to broadcast the UL reference configura-
tion in SIB1 TDD configuration, and to signal the DL refer-
ence configuration by dedicated signaling. The change of UL
reference configurations can be done through system infor-
mation change procedure and the change of DL reference
configuration should be done through RRC connection recon-
figuration.
[0054] Once the adaptive-TDD-enabled UE obtains the DL
and UL reference configuration, the UE knows the UL HARQ
feedback timing and the DL, HARQ receiving timing accord-
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ing to the DL and UL reference configurations, respectively.
The actual TDD configuration for scheduling should follow
the DL subframe set relationship according to equation (1).
DL and UL reference configurations are expected to change
semi-statically. With the DL and UL reference configura-
tions, it can avoid the potential misunderstanding between
eNB and UE regarding HARQ timing when TDD configura-
tion changes.

[0055] FIG. 7 illustrates an example of DL reference con-
figuration. Since the reference configurations are changed
less frequently, they can be used as the reference of PDCCH
subframe counting for those DRX timers counted in PDCCH
subframe. That is, no matter what the actual TDD configura-
tion is, the onDurationTimer, drx-InactivityTimer and drx-
RetransmissionTimer are counted based on the PDCCH sub-
frames in DL reference configuration. For example, as shown
in FIG. 7, eNB configures TDD configuration #1 as DL ref-
erence configuration. eNB changes the actual TDD configu-
ration from #0, to #6 to #1 according to the DL/UL traffic
ratio. Instead of counting PDCCH subframes in actual TDD
configuration, the onDurationTimer, drx-InactivityTimer,
and drx-RetransmissionTimer are counted based on the
PDCCH subframes in the DL reference configuration, i.e.,
TDD configuration #1. PDCCH subframe counting based on
DL reference configuration can avoid the potential misalign-
ment PDCCH subframe counting between eNB and UE when
TDD configuration changes.

[0056] In this case, the HARQ RTT timer per DL. HARQ
process should also count according to the DL reference
configuration. For example, in FIG. 7, the HARQ feedback
timing and HARQ RTT timer setting in a subframe where the
PDCCH indicates a DL transmission or a DL assignment has
been configured of TDD configurations #0, 6, or 1 should
follow Table 3 below based on DL reference configuration,
i.e., TDD configuration #1.

TABLE 3

K/HARQ RTT timers (k + 4)

Uplink-
downlink Subframe number
Configuration 0 1 2 3 4 5 6 7 8 9
1 7/11  6/10 4/8 7/11  6/10 4/8
[0057] One of the benefits of DL reference configuration is

that the DL reference configuration is changed semi-stati-
cally, which may be changed much less frequently as com-
pared with the actual TDD configuration. On the other hand,
the PDCCH subframes in actual TDD configuration may be
less than the PDCCH subframes in DL reference configura-
tion. In other words, the PDCCH scheduling may be with less
opportunity in actual TDD configuration if counting is based
on the DL reference configuration. However, eNB may com-
pensate this effect by configuring larger onDurationTimer,
drx-Inactivity Timer and drx-RetransmissionTimer.

[0058] FIG. 8 illustrates an example of UL reference con-
figuration. To prevent the actual PDCCH scheduling oppor-
tunity is less than the PDCCH subframe counting in the DL
reference configuration, the UL reference configuration can
be used as the reference configuration of PDCCH subframe
counting. As shown in FIG. 8, eNB configures TDD configu-
ration #0 as the UL reference configuration. eNB changes the
actual TDD configuration from #0, to #6 to #1 according to
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the DL/UL traffic ratio. Instead of counting PDCCH sub-
frames in actual TDD configuration, the onDurationTimer,
drx-InactivityTimer, and drx-RetransmissionTimer are
counted based on the PDCCH subframes in the UL reference
configuration, i.e., TDD configuration #0. PDCCH subframe
counting based on the UL reference configuration can avoid
the potential misalignment PDCCH subframe counting
between eNB and UE when TDD configuration changes.
Besides, UE may monitor more PDCCH subframe in the
actual TDD configuration than the PDCCH subframe count-
ing in the UL reference configuration so that the PDCCH
scheduling opportunity for UE may be more than the PDCCH
subframe in the UL reference configuration. In this case, the
counting on HARQ RTT timer, which determines the mini-
mal DL data transmission and the retransmission period,
should still follow the DL reference configuration.

[0059] In a third scenario, PDCCH subframe counting is
based on a reference configuration broadcasted in SIB1. In
the current mechanism, UE knows the operating TDD con-
figuration from SIB1 so that the PDCCH subframe counting
and HARQ RTT timer counting may be based on the SIB1
configuration in one novel aspect. In adaptive TDD systems,
if a UE does not know the actual TDD configuration or the
reference configurations, e.g., the legacy UE, or the system
does not signal actual TDD configuration or reference con-
figurations to the UE, the UE should count PDCCH subframe
based on the TDD configuration broadcasted in the SIB1. The
HARQ RTT timer setting should also follow the setting of the
TDD configuration in SIB1. eNB should know which UE or
UEs count PDCCH subframe in TDD configuration in SIB1,
which can be known from the UE capability report. In one
preferred embodiment, an UL reference TDD configuration is
broadcasted in SIB1, which will be used as the reference TDD
configuration for DRX timer counting.

[0060] In a fourth scenario, DRX timers are counted in
subframe basis instead of PDCCH subframe basis. To prevent
the ambiguity in PDCCH subframe counting, one simple way
is to change the counting on onDurationTimer, drx-Inactivi-
tyTimer, and drx-RetransmissionTimer to subframe basis. In
this case, no matter what kind of TDD configuration and
reference configurations are configured, both eNB and UE
can count these timers in a synchronized way. However, eNB
may need to configure different timer values for different
TDD configurations to guarantee a UE monitors long enough
PDCCH scheduling opportunities. In this case, the HARQ
RTT timer can refer to the TDD configuration broadcasted in
SIBI.

[0061] With DRX operation in adaptive TDD systems, it is
important for UE to be able to synchronize its DRX operation
with eNB. In general, eNB can send DRX MAC control
element to stop onDurationTimer and drx-Inactivity Timer at
UE side. If the UE is not waiting for the DL retransmission
(i.e., drx-RetransmissionTimer is not running), then the UE
will enter inactive state. However, there is no channel for UE
to synchronize with eNB. In accordance with one novel
aspect, a DRX status report can be designed for a UE to send
its DRX status to eNB to synchronize its DRX operations
with eNB. For example, the values of current or the left DRX
timers, including onDurationTimer, drx-Inactivity Timer and/
or drx-RetransmissionTimer can be sent from UE to eNB.
The message can be sent through MAC control element. The
message can be configured as periodic report or aperiodic
report. The aperiodic report can be triggered by eNB or when
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a UE cannot successfully decode the PDCCH indication that
indicates TDD configuration change.

[0062] FIG. 9 shows an example of DRX Status Report
MAC Control Element and MAC PDU sub-header format
with one reserved DRX status report. The current values or
the remaining values of onDurationTimer, drx-Inactivity-
Timer, and drx-RetransmissionTimer can be reported in the
MAC control element. Since the maximum values of onDu-
rationTimer, drx-InactivityTimer, and drx-Retransmission-
Timer are 200, 2560 and 33 pst (PDCCH subframe), respec-
tively, the bits to capture three timers should be 8, 12 and 6
bits, respectively.

[0063] FIG. 10 shows an example of six reserved bits left in
the first Octet of a MAC PDU used to capture DRX timer
values. The bit arrangement to capture these three timers is
not necessary in this order. Any sequence to capture these
three DRX timers is acceptable.

[0064] FIG. 11 illustrates a method of sending DRX status
report in accordance with one novel aspect. In step 1111, UE
1101 establishes an RRC connection with eNB 1102 and
enters DRX operation in an adaptive TDD system. In step
1112, the UE performs DRX timer counting and HARQ RTT
timer counting based on reference TDD configurations. In
step 1113, UE determines whether a triggering condition for
DRX status report has been met. UE 1101 may be configured
to send the report periodically. UE 1101 may also be config-
ured to send the report aperiodically. The aperiodic report can
betrigger by eNB or when the UE cannot successfully decode
the PDCCH indication that indicates TDD configuration
change. In step 1114, UE 1101 send the DRX status report to
eNB 1102.

[0065] The DRX status in UE and eNB may be out-of-sync.
eNB can know the DRX status from UE’s DRX status report
and can use DRX MAC CE to force UE to enter an inactive
state. However, when UE enters a new DRX cycle, it should
have the knowledge of the actual TDD configuration. When
eNB knows that a UE’s DRX status is un-synchronized with
that in its side, eNB should indicate the actual TDD configu-
ration to the UE in the first subframe with PDCCH opportu-
nity when the UE enter a new DRX cycle. In step 1115, UE
1101 enters a new DRX cycle. In step 1116, eNB 1102 sends
the actual TDD configuration via PDCCH DCI. The TDD
configuration can be sent via PDCCH DCI in UE specified
search space. In one example, at least three bits indicating
TDD configuration should be added in PDCCH DCI.

[0066] Assume that an eNB operates in inter-band carrier
aggregation mode. If the eNB configures multiple carriers to
a UE, and at least one carrier is active and operates in non-
adaptive TDD mode and at least one carrier is active and
operates in adaptive TDD mode, then the PDCCH subframes
used for DRX timers counting should be counted in the union
of PDCCH subframes of all active serving cells in non-adap-
tive TDD mode and the PDCCH subframes mentioned in the
adaptive TDD mode.

[0067] FIG. 12 is a flow chart of a method of DRX opera-
tion enhancement in adaptive TDD systems in accordance
with one novel aspect. In step 1201, a UE configures and
enters DRX operation in an LTE/LTE-A mobile communica-
tion network. In step 1202, the UE obtains adaptive TDD
configuration information from a base station. The adaptive
TDD configuration information comprises an actual TDD
configuration and a reference TDD configuration. In step
1203, the UE performs DRX timer counting based on the
reference TDD configuration. In step 1204, the UE synchro-
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nizes DRX status with the base station. With the reference
TDD configuration, it can avoid the potential misunderstand-
ing between eNB and UE regarding DRX timing when TDD
configuration changes.

[0068] FIG.13 is a flow chart of a method of HARQ opera-
tion enhancement in adaptive TDD systems in accordance
with one novel aspect. In step 1301, a UE establishes a radio
resource control (RRC) connection with a base station in an
LTE/LTE-A mobile communication network. In step 1302,
the UE obtains adaptive TDD configuration information from
a base station. The adaptive TDD configuration information
comprises an actual TDD configuration and/or a reference
TDD configuration. In step 1303, the UE performs HARQ
RTT timer counting based on the adaptive TDD configuration
information. The UE can avoid the potential misunderstand-
ing between eNB and UE regarding HARQ timing when
TDD configuration changes.

[0069] Although the present invention has been described
in connection with certain specific embodiments for instruc-
tional purposes, the present invention is not limited thereto.
Accordingly, various modifications, adaptations, and combi-
nations of various features of the described embodiments can
be practiced without departing from the scope of the inven-
tion as set forth in the claims.

What is claimed is:

1. A method comprising:

(a) establishing a radio resource control (RRC) connection
with a base station by a user equipment (UE) in a mobile
communication network;

(b) obtaining adaptive time division duplex (TDD) con-
figuration information from the base station, wherein the
adaptive TDD configuration information comprises an
actual TDD configuration and/or a reference TDD con-
figuration; and

(c) performing a Hybrid Automatic Repeat Request
(HARQ) round trip time (RTT) timer counting for each
downlink (DL) HARQ process based on the adaptive
TDD configuration information.

2. The method of claim 1, wherein the obtaining in (b)
involves obtaining a TDD configuration from broadcasted
system information block.

3. The method of claim 1, wherein the obtaining in (b)
involves obtaining a TDD configuration from dedicated sig-
naling.

4. The method of claim 1, wherein the performing in (c)
involves setting a duration of the HARQ RTT timer to k+4
subframes, wherein k is the number of subframes between a
previous downlink transmission and a subsequent uplink
transmission for HARQ feedback, and wherein k depends on
the actual TDD configuration.

5. The method of claim 1, wherein the performing in (c)
involves setting a duration of the HARQ RTT timer to k'+4
subframes, wherein k' is the number of subframes between a
previous downlink transmission and a subsequent uplink
transmission for HARQ feedback, and wherein k' depends on
a combination of an old TDD configuration and a new TDD
configuration.

6. The method of claim 5, wherein k' is determined by a
predefined rule.
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7. The method of claim 5, wherein the subsequent uplink
transmission for HARQ feedback occurs in the nearest sub-
sequent uplink subframe, and wherein k' is greater than or
equal to four.

8. The method of claim 1, wherein the performing in (c)
involves counting the HARQ RRT timer for each DL HARQ
process according to the reference TDD configuration.

9. The method of claim 8, wherein the reference TDD
configuration comprises a downlink (DL) reference configu-
ration, and wherein the DL reference configuration is with the
most schedulable DL subframes.

10. The method of claim 1, wherein the actual TDD con-
figuration is obtained via dedicated signaling, and wherein
the reference TDD configuration is obtained via system infor-
mation broadcasting.

11. A user equipment (UE), comprising:

a radio resource control (RRC) module that establishes an
RRC connection with a base station in a mobile com-
munication network;

an adaptive time division duplex (TDD) configuration
management module that obtains adaptive TDD con-
figuration information, wherein the adaptive TDD con-
figuration information comprises an actual TDD con-
figuration and/or a reference TDD configuration; and

a Hybrid Automatic Repeat Request (HARQ) operation
module that performs HARQ round trip time (RTT)
timer counting for each downlink (DL) HARQ process
based on the adaptive TDD configuration information.

12. The UE of claim 11, wherein the UE obtains a TDD
configuration from broadcasted system information block.

13. The UE of claim 11, wherein the UE obtains a TDD
configuration from dedicated signaling.

14. The UE of claim 11, wherein the UE sets a duration of
the HARQ RTT timer to k+4 subframes, wherein k is the
number of subframes between a previous downlink transmis-
sion and a subsequent uplink transmission for HARQ feed-
back, and wherein k depends on the actual TDD configura-
tion.

15. The UE of claim 11, wherein the UE sets a duration of
the HARQ RTT timer to k'+4 subframes, wherein k' is the
number of subframes between a previous downlink transmis-
sion and a subsequent uplink transmission for HARQ feed-
back, and wherein k' depends on a combination ofan old TDD
configuration and a new TDD configuration.

16. The UE of claim 15, wherein k' is determined by a
predefined rule.

17. The UE of claim 15, wherein the subsequent uplink
transmission for HARQ feedback occurs in the nearest sub-
sequent uplink subframe, and wherein k' is greater than or
equal to four.

18. The UE of claim 11, wherein the UE counts the HARQ
RRT timer for each DL HARQ process according to the
reference TDD configuration.

19. The UE of claim 18, wherein the reference TDD con-
figuration comprises a downlink (DL) reference configura-
tion, and wherein the DL reference configuration is with the
most schedulable DL subframes.

20. The UE of claim 11, wherein the actual TDD configu-
ration is obtained via dedicated signaling, and wherein the
reference TDD configuration is obtained via system informa-
tion broadcasting.



