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DRX OPERATIONS IN ADAPTIVE TDD SYSTEMS

FIELD OF INVENTION

The disclosed embodiments relate generally to adaptive TDD network, and, more

particularly, to DRX operations in adaptive TDD system.

BACKGROUND OF THE INVENTION

3GPP system, such as LTE-Advanced (LTE-A) improves spectrum efficiency by utilizing

a diverse set of base stations deployed in a heterogeneous network topology. Using a mixture

of macro, pico, femto and relay base stations, heterogeneous networks enable flexible and low-

cost deployments and provide a uniform broadband user experience.

In recent 3GPP works, the trend of the system design shows the requirements on more

flexible configuration of the network system. Based on the system load, traffic type, traffic

pattern and so on, the system can dynamically adjust its parameters to further utilize the radio

resource and to save the energy. One example is the support of adaptive TDD configuration,

where the TDD configuration in the system may adaptively change according to the DL-UL

traffic ratio. When the change better matches the instantaneous traffic situation, the system

throughput will be enhanced.

SUMMARY OF THE INVENTION

A method for a UE to perform DRX operation in an adaptive TDD downlink-uplink

configuration network is proposed. The method comprising: obtaining an adaptive TDD

configuration; performing a DRX timer counting; performing a HARQ RTT timer counting;

and synchronizing the DRX status.

In one embodiment, a method for a UE to perform DRX operation in an adaptive TDD

downlink-uplink configuration network is proposed, the method comprising: obtaining an

adaptive TDD configuration; obtaining a TDD reference configurations; performing DRX

timers counting; performing a HARQ RTT timer counting; and synchronizing DRX status.

Other embodiments and advantages are described in the detailed description below. This

summary does not purport to define the invention. The invention is defined by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, where like numerals indicate like components, illustrate



embodiments of the invention.

Figure 1 illustrates a DRX Cycle where the periodic repetition of the On Duration

followed by a possible period of inactivity in accordance with one novel aspect.

Figure 2 illustrates an example of different TDD configurations.

Figure 3 illustrates examples of a TDD configuration and corresponding procedure.

Figure 4 illustrates an example of a DL reference configuration.

Figure 5 illustrates an example of another DL reference configuration.

Figure 6 illustrates an example of MAC PDU subheader format with one reserved DRX

status report LCID for UL-SCH.

Figure 7 illustrates an example of 6 reserved bits left in the first Octet.

Figure 8 illustrates a simplified block diagram of a UE and an eNB in accordance with one

novel aspect of DRX operation in an adaptive TDD system.

DETAILED DESCRIPTION

Reference will now be made in detail to some embodiments of the invention.

Adaptive TDD systems

TDD offers flexible deployments without requiring a pair of spectrum resources. Currently,

3GPP TDD system, such as LTE TDD, allows asymmetric UL-DL allocations by providing

seven different semi-statically configured uplink-downlink configurations. Table 1 illustrates

the TDD mode uplink-downlink configurations in an LTE/LTE-A system.

Table 1: TDD uplink-downlink configurations

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 separated 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 transmission. These allocations can provide 40% to

90% DL subframes.

In traditional TDD systems, UL-DL configuration is broadcasted in the system information,

i.e. SIB1. The mechanism 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., RRC, MAC or PDCCH signaling, where the change period may be

much less than the change of SIB1 (640 msec). 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.

DRX (Discontinuous Reception) in LTE

In order to enable reasonable UE battery consumption, DRX in E-UTRAN is defined. The

UE may be configured by 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, 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

eNB, which are the trade-off between UE battery saving and latency reduction of data

transmission.

Figure 1 illustrates a DRX Cycle where the periodic repetition of the On Duration

followed by a possible period of inactivity in accordance with one novel aspect.

The following definitions may apply to DRX in E-UTRAN:

- 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;

- 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 transmission only (i.e. not for retransmissions).

- active-time: the total duration that the UE is awake. This 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. Based on the above the minimum active time is of length

equal to on-duration, and the maximum is undefined (infinite);

More specifically, when a DRX cycle is configured, the Active Time includes the time

while:

- onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or mac-

ContentionResolutionTimer is running; or

- a Scheduling Request is sent on PUCCH and is pending; or

- an uplink grant for a pending HARQ retransmission occurs and there is data in the

corresponding HARQ buffer; or

- 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, timers running in active time are defined as follows:

onDurationTimer. Specifing the number of consecutive PDCCH-subframe(s) at the

beginning of a DRX Cycle. (Value in number of PDCCH sub-frames)

drx-InactivityTimer. Specifing the number of consecutive PDCCH-subframe(s) after

the subframe in which a PDCCH indicates an initial UL or DL user data transmission for this

UE. (Value in number of PDCCH sub-frames)

drx-RetransmissionTimer. Specifing the maximum number of consecutive PDCCH-

subframe(s) for as soon as a DL retransmission is expected by the UE. (Value in number of

PDCCH sub-frames)

mac-ContentionResolutionTimer. Specifing the number of consecutive subframe(s)

during which the UE shall monitor the PDCCH after Msg3 is transmitted. (Value in subframes)

Among which, PDCCH-subframe refers to a subframe with PDCCH. For full-duplex TDD,

PDCCH-subframe represents the union of downlink subframes and subframes including

DwPTS of all serving cells, except serving cells that are configured with schedulingCellld; for

half-duplex TDD, PDCCH-subframe represents the subframes where the PCell is configured as

a downlink subframe or a subframe including DwPTS.

In addition to onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer and mac-

ContentionResolutionTimer, there is one HARQ RTT Timer per DL HARQ process (except for

broadcast process). During the Active Time, for a PDCCH-subframe, for example, if the

subframe is not part of a configured measurement gap, and if the PDCCH indicates a DL



transmission or if a DL assignment has been configured for this subframe, UE will start the

HARQ RTT Timer for the corresponding HARQ process; 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 feedback. Table 2 shows the HARQ RTT Timer value in

each TDD configuration. Note that whether HARQ RTT timers are running or not does not

affect the active time determination.

Table 2 : k/HARQ RTT timers (k+4)

Timers counted in PDCCH subframe in adaptive TDD systems may have problems

because frequent TDD configuration changes may lead to non-alignment counting in PDCCH

subframe in eNB and UE sides. DRX operations in adaptive TDD systems need to be enhanced.

In DRX operation, onDurationTimer, drx-InactivityTimer, and drx-RetransmissionTimer

are counted in PDCCH subframes. However, in adaptive TDD operation, since the TDD

configurations may change frequently (may be as frequent as per radio frame change), UE may

not know or may lose the knowledge of the actual TDD configuration. In that case, the PDCCH

subframe counting may not be aligned in 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, there can be a worst case where UE is awake but Network does not

transmit anything or Network transmits something for the UE but UE is in inactive mode. In the

former case, unnecessary PDCCH monitoring occurs in the non-alignment area which results in

UE power consumption; in the later case, the data would be missed in the UE side and

retransmission is expected which results in radio resource waste.

In embodiments of the invention, the solutions to support the DRX operations in adaptive

TDD systems are proposed. Several issues and the corresponding solutions are discussed in the



following subsections.

DRX timer counting

Scenario 1: PDCCH subframe counting according to 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, the onDurationTimer or drx-InactivityTimer or drx-

RetransmissionTimer can be counted in PDCCH subframes of the actual TDD configuration.

eNB and UE should count the PDCCH subframes according to the new TDD configuration

when TDD configuration change applies.

Figure 2 illustrates an example of different TDD configurations. eNB configures TDD

configuration from config #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.

HARQ RTT Timer setting

Embodiment # 1:

In this case, the HARQ RTT timer can be determined by Table 2 depending on which

subframe in which configuration where the PDCCH indicates a DL transmission or a DL

assignment has been configured.

Embodiment #2:

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 combination of old

TDD configuration and new TDD configuration.

Embodiment #2-1: k' can be determined by a pre-defined rule;

Embodiment #2-2: k' can be pre-defined (table lookup) according to the HARQ RTT

timing of the combination of old TDD configuration and new TDD configuration.

For example, in Embodiment #2-1, k' can be defined as the interval between the downlink

transmission and the nearest uplink subframe to carry the transmission of the associated HARQ

feedback which should be greater than or equal to 4 subframes of the downlink transmission

subframe no matter in what combinations of TDD configuration changes (old TDD

configuration, new TDD configuration). Then, the duration of HARQ RTT Timer is set to k' + 4

subframes.

Figure 3 illustrates examples of a TDD configuration and corresponding operation

procedure of different timers. In one example, a DL data transmission is scheduled by a eNB to

a UE in SF # 1 in TDD config #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 transmission should be transmitted in SF #7 in TDD config#0. k' in this case 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 a eNB to a UE in SF #5 in

TDD config #6 with DL HARQ Process ID=n. The following TDD configuration is TDD

config #1. Thus, the HARQ feedback according to the rule should be transmitted in SF #2 in

TDD config#l. k' in this case is set to 7 and 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 successfully decoded, the DRX-Retransmission timer for the

corresponding HARQ process should be started.

Scenario 2 : PDCCH subframe counting according to the reference configuration

DL and UL reference configurations

In order to deal with the HARQ feedback in the transition of TDD configuration changes,

eNB may schedule a DL reference configuration and a UL reference configuration to adaptive

TDD enabled UEs, where the DL reference configuration is with the most schedulable DL

subframes and is used to indicate the UL HARQ reference timing (the timing where UE sends

HARQ feedback for the DL transmission to eNB) while the UL reference configuration is with

the most schedulable UL subframes and is used 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 reference configuration, scheduling configuration and UL

reference configuration should follow:

DL subframe set DL subframe set DL subframe set
= = (1)

in UL reference configuration in scheduling configuration in DL reference configurat

where the DL subframe set includes DL subframes and special subframes.

Operation of DL and UL reference configuration

eNB should explicitly configure a cell specific DL reference configuration and a cell

specific UL reference configuration to adaptive TDD enabled UEs. eNB may signal the DL and

UL reference configuration to UE through system information or through RRC signaling.

For example, to prevent the legacy UEs and the UEs who do not know the exact

scheduling TDD configuration to perform incorrect measurement on a subframe which is

broadcasted in SIBl as DL but is turned to be operated as UL, the TDD configuration

broadcasted in the SIBl should be a 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 SIBl with extended information element. The change of DL and

UL reference configurations can be done through system information change procedure.

Another example is to configure the DL and UL reference configurations through the

dedicated signaling. For example, the DL and UL reference configurations can be configured to

the adaptive TDD activated UE through RRC signaling. The change of DL and UL reference

configurations can be done through RRC connection reconfiguration.

The other example is to broadcast the UL reference configuration in SIBl TDD

configuration and to signal the DL reference configuration by dedicated signaling, e.g., RRC

signaling. The change of UL reference configurations can be done system information change

procedure and the change of DL reference configuration should be done through RRC

connection reconfiguration.

Once the dynamic TDD enabled UE obtains the DL and UL reference configuration, it

knows the UL HARQ feedback timing and DL HARQ receiving timing according to the DL

and UL reference configurations, respectively. The actual TDD configuration for scheduling

should follow the DL subframe set relationship in (1). DL and UL reference configurations are

expected to change semi-statically. With the DL and UL reference configurations, it can avoid

the potential misunderstanding between eNB and UE regarding HARQ timing when TDD

configuration changes.

Scenario 2-1: DL reference configuration is used as the reference configuration of

PDCCH subframe counting

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.

No matter what the actual TDD configuration is, the onDurationTimer, drx-InactivityTimer and

drx-RetransmissionTimer are counted based on the PDCCH subframes in DL reference

configuration.

Figure 4 illustrates an example of an DL reference configuration. For example, as shown

in Figure 4, eNB configures TDD configuration # 1 as DL reference configuration. eNB changes

the actual TDD configuration from #0, to #6 to # 1 according to the DL/UL traffic ratio. Instead

of counting PDCCH subframes in actual TDD configuration, here 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

mis-alignment PDCCH subframe counting between eNB and UE when TDD configuration



changes.

HARQ RTT timer setting

In this case, the HARQ RTT timer per DL HARQ process should also count according to

the DL reference configuration.

Figure 5 illustrates an example of another DL reference configuration. For example, in

Figure 5, 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 config

#0, 6, or 1 should follow the Table 3 .

Table 3 : k/HARQ RTT timers (k+4)

One of the benefits of DL reference configuration is that the DL reference configuration is

changed semi-statically, which may be changed much less frequently as compared 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 configuration. 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 compensate this effect by configuring larger

onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer.

Scenario 2-2: UL reference configuration is used as the reference configuration of

PDCCH subframe counting

To prevent the actual PDCCH scheduling opportunity 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.

Figure 5 illustrates a procedure For example, as shown in Figure 5, eNB configures TDD

configuration #0 as UL reference configuration. eNB changes the actual TDD configuration

from #0, to #6 to # 1 according to the DL/UL traffic ratio. Instead of counting PDCCH

subframes in actual TDD configuration, here 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 UL reference configuration can avoid the potential



mis-alignment PDCCH subframe counting between eNB and UE when TDD configuration

changes. Besides, the UE may monitor more PDCCH subframe in actual TDD configuration

than the PDCCH subframe counting in the UL reference configuration so that the PDCCH

scheduling opportunity for the UE may be more than the PDCCH subframe in the UL reference

configuration.

HARQ RTT timer setting

In this case, the counting on HARQ RTT timer, which determines the minimal DL data

transmission and the retransmission period, should still follow the DL reference configuration.

Scenario 3 : PDCCH subframe counting according to the SIBl configuration

In the current mechanism, UE knows the operating TDD configuration from SIBl so that

the PDCCH subframe counting and HARQ RTT timer counting may be based on the SIBl

configuration in one novel aspect.

In adaptive TDD systems, if a UE doesn't 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 configurations to the UE, the UE should count PDCCH subframe

based on the TDD configuration broadcasted in the SIBl. The HARQ RTT timer setting should

also follow the setting of the TDD configuration in SIB 1.

eNB should know which UE or UEs count PDCCH subframe in TDD configuration in

SIBl, which can be known from the UE capability report.

Scenario 4 : onDurationTimer, drx-InactivityTimer, and drx-RetransmissionTimer

are counted in subframe basis

To prevent the ambiguity in PDCCH subframe counting, one simple way is to change the

counting on onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer to the

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 the synchronized

way. However, eNB may need to configure different timer values in 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 SIBl.

DRX status r e or t

eNB can send DRX MAC control element to stop onDurationTimer and drx-

InactivityTimer at UE side. If the UE is not waiting for the DL retransmission (drx-

RetransmissionTimer is not running), the UE will enter inactive state. However, there is no

channel for UE to sync up with eNB.

A DRX status report can be designed for a UE to send its DRX status to eNB to sync up its



DRX operations with eNB. For example, the values of current or the left DRX timers, including

onDurationTimer, drx-InactivityTimer and/or drx-RetransmisisonTimer 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 a

UE can't successfully decode the PDCCH indication which indicates TDD configuration

change.

For example, DRX Status Report MAC Control Element can be designed as follows.

MAC PDU subheader:

Figure 6 is an example of MAC PDU subheader format with one reserved DRX status

report LCID for UL-SCH.

MAC control Element:

The current values or the remaining values of onDurationTimer, drx-InactivityTimer, and

drx-RetransmissionTimer can be reported in the MAC control element. Since the maximum

values of onDurationTimer, drx-InactivityTimer, and drx-RetransmissionTimer are 200, 2560

and 33 psf (PDCCH subframe), respectively, the bits to capture three timers should be 8, 12 and

6 bits.

Figure 7 shows an example of 6 reserved bits left in the first Octet, which used to capture

the values of these three timers. The bit arrangement to capture these three timers is not

necessary in this order. Any sequence to capture these three DRX timers is acceptable.

Synchronization on TDD configuration

The DRX statuses in UE and eNB may be out-of-synchronized. eNB can know them 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-sync with that in its side, eNB should

indicate the actual TDD configuration to the UE in the first subframe with PDCCH opportunity

when the UE enter a new DRX cycle. The TDD configuration can be sent through PDCCH DCI

in the UE specified search space. In one example, at least 3 bits to indicate TDD configuration

should be added in PDCCH DCI.

Carrier aggregation scenarios

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-adaptive TDD mode and the PDCCH

subframes mentioned in the adaptive TDD mode.

Figure 8 is a simplified block diagram of a UE and an eNB in accordance with one novel

aspect of DRX operation in an adaptive TDD system. The UE comprises memory, a processor,

a transceiver coupled to one or multiple antennas. UE also comprises various function modules

including a TDD configuration management module that performs actual and/or reference TDD

configurations, a DRX module that performs DRX configuration and operation, and a DRX

status report and TDD synchronization module that sends DRX status report and receives TDD

configuration synchronization. Similarly, The eNB comprises memory, a processor, a

transceiver coupled to one or multiple antennas. eNB also comprises various function modules

including a TDD configuration management module that configures actual and/or reference

TDD configurations to UE, a DRX module that performs DRX configuration and operation,

and a DRX management and TDD synchronization module that receives DRX status report

from UE and sends TDD configuration synchronization to UE.

Solutions on DRX timers counting in adaptive TDD systems are proposed in the

embodiments of this invention. Several cases and the corresponding solutions are discussed. In

one case, the onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer can be

counted in PDCCH subframe of the actual TDD configuration. eNB 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 transmission of

associated HARQ feedback in the combination of old TDD configuration and new TDD

configuration k' can be determined by rules or k' can be pre-defined. In another case, if DL

reference configuration is used as the reference configuration of PDCCH subframe 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 another case, if UL

reference configuration is used as the reference configuration of PDCCH subframe 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 also count according to the DL reference configuration. In another case,

the TDD configuration broadcasted in SIB1 can be used as reference configuration of PDCCH

subframe counting, the onDurationTimer, drx-InactivityTimer 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 SIBl TDD configuration. In

the other case, onDurationTimer, drx-InactivityTimer, and drx-RetransmissionTimer are

counted in subframe basis regardless of TDD configuration.

Although the present invention has been described in connection with certain specific

embodiments for instructional purposes, the present invention is not limited thereto.

Accordingly, various modifications, adaptations, and combinations of various features of the

described embodiments can be practiced without departing from the scope of the invention as

set forth in the claims.



CLAIMS

1. A method for a UE to perform DRX operation in an adaptive TDD downlink-uplink

configuration network, the method comprising:

obtaining an adaptive TDD configuration;

performing a DRX timer counting;

performing a HARQ RTT timer counting; and

synchronizing the DRX status.

2 . The method of claim 1, wherein obtaining an adaptive TDD configuration further

comprising:

obtaining a TDD configuration from SIB 1; and

obtaining the adaptive TDD configuration from dedicated signaling.

3 . The method of claim 1, wherein performing a DRX timer counting further comprising:

counting onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer by the

PDCCH subframes of the actual TDD configuration, wherein the PDCCH subframes includes

DL subframes and subframes with DwPTS.

4 . The method of claim 2, wherein performing DRX a timer counting further comprising:

counting onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer by the

PDCCH subframes of TDD configuration obtained from SIB1, if the UE doesn't know the

actual TDD configuration or the reference configuration, or the system does not signal actual

TDD configuration or reference configuration to the UE, in adaptive TDD system.

5 . The method of claim 1, wherein performing HARQ RTT timer counting further

comprising:

setting a Duration of HARQ RTT Timer to k + 4 subframes, where k is the interval

between the downlink transmission and the transmission of associated HARQ feedback

depending on which subframe in which configuration where the PDCCH indicates a DL

transmission or a DL assignment has been configured; or

setting the HARQ RTT timer as k'+4 where k' is the interval between the downlink

transmission and the transmission of associated HARQ feedback in the combination of old

TDD configuration and new TDD configuration.



6 . The method of claim 5, further comprising:

k' is determined by a rule; or

k' is pre-defined according to the HARQ RTT timing of the combination of old TDD

configuration and new TDD configuration.

7 . The method of claim 1, wherein synchronization DRX status further comprising:

sending UE's DRX status report to Enb to sync up its DRX operations with an Enb; and

obtaining the actual TDD configuration to the UE in the first subframe with PDCCH

opportunity when the UE enter a new DRX cycle.

8. The method of claim 7, wherein sending UE's DRX status report further comprising:

sending a DRX status report MAC control element which contains the a value of current or

the left DRX timers, including onDurationTimer, drx-InactivityTimer and/or drx-

RetransmisisonTimer.

9 . The method of claim 8, further comprising:

configuring the DRX status report MAC CE as periodic report or aperiodic report; and

the aperiodic report is triggered by the Enb or when the UE can't successfully decode the

PDCCH indication which indicates TDD configuration change.

10. The method of claim 7, wherein obtaining the actual TDD configuration to the UE in

the first subframe with PDCCH opportunity when the UE enter a new DRX cycle further

comprising:

sending the TDD configuration through PDCCH DCI in the UE specified search space;

adding At least 3 bits to indicate TDD configuration in PDCCH DCI.

11. A method for a UE to perform DRX operation in an adaptive TDD downlink-uplink

configuration network, the method comprising:

obtaining an adaptive TDD configuration;

obtaining TDD reference configurations;

performing DRX timers counting;

performing a HARQ RTT timer counting; and

synchronizing DRX status.



12. The method of claim 11, wherein obtaining a adaptive TDD configuration further

comprising:

obtaining a TDD configuration from SIB 1; and

obtaining the adaptive TDD configuration from dedicated signaling.

13. The method of claim 11, wherein obtaining TDD reference configurations further

comprising:

obtaining a DL reference configuration, wherein the DL reference configuration is with the

most schedulable DL subframe and is used as UL HARQ reference timing, and the UL HARQ

timing is the timing which the UE sends HARQ feedback for the DL transmission to eNB;

and/or

obtaining a UL reference configuration, wherein UL reference configuration is with the

most schedulable UL subframe and is used as DL HARQ reference timing, and the DL HARQ

timing is the timing where the UE expects HARQ feedback for the UL transmission from eNB.

14. The method of claim 11, wherein performing DRX timers counting further comprising:

counting onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer by the

PDCCH subframes of a reference configuration.

15. The method of claim 14, further comprising:

the reference configuration is a DL reference configuration; or

the reference configuration is a UL reference configuration.

16. The method of claim 11, wherein performing HARQ RTT timer counting further

comprising:

counting the HARQ RTT timer per DL HARQ process according to the DL reference

configuration.

17. The method of claim 11, wherein synchronization DRX status further comprising:

sending UE's DRX status report to eNB to sync up the UE's DRX operations with eNB;

obtaining the actual TDD configuration to the UE in the first subframe with PDCCH

opportunity when the UE enter a new DRX cycle.

18. The method of claim 17, wherein sending UE's DRX status report further comprising:



sending a DRX status report MAC control element which contains the values of current or

the left DRX timers, including onDurationTimer, drx-InactivityTimer and/or drx-

RetransmisisonTimer.

19. The method of claim 18, further comprising:

configuring DRX status report MAC CE as periodic report or aperiodic report; and

the aperiodic report is triggered by eNB or when a UE can't successfully decode the

PDCCH indication which indicates TDD configuration change.

20. The method of claim 11, wherein obtaining the actual TDD configuration to the UE in

the first subframe with PDCCH opportunity when the UE enter a new DRX cycle further

comprising:

sending the TDD configuration through PDCCH DCI in the UE specified search space;

and

adding at least 3 bits to indicate TDD configuration in PDCCH DCI.

21. A method for a UE to perform DRX operation in an adaptive TDD downlink-uplink

configuration network with carrier aggregation application, the method comprising:

counting the PDCCH subframes used for DRX timers counting in the union of PDCCH

subframes of all active serving cells in non-adaptive TDD mode and the PDCCH subframes in

the adaptive TDD mode.
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