
METHOD AND SYSTEM FOR THE CONTROL OF DISCONTINUOUS RECEPTION IN A WIRELESS
NETWORK FIELD OF THE DISCLOSURE [0001] The present disclosure relates to
the long term evolution (E-UTRA) of Third Generation Partnership Project
(3GPP), and in particular to discontinuous reception (DRX) for user
equipment (UE) in the E-UTRA infrastructure. BACKGROUND [0002] In the long
term evolution infrastructure, a UE can be in one of two radio resource
control (RRC) states. These are LTEIDLE and LIE _ACTIVE. [0003] The UE can
be configured for discontinuous reception (DRX) in both the LTE_IDLE and
the LTE ACTIVE states. DRX allows the UE to synchronize its listening
period to a known paging cycle of the network. By synchronizing the
listening period with acceptable transmission times from the network, the
UE can turn off its radio transceiver when the network will not schedule
transmissions, thereby significantly saving battery resources. As will be
appreciated by those skilled in the art, unless a UE is used extensively, a
large drain on its battery comes from the standby cycle in which it
monitors the paging channel (or control channels) and measures serving and
neighboring cells. DRX parameters allow the mobile to synchronize with the
network and to know that it will not receive another signal until a
specified time has elapsed. [0004] Utilizing DRX in an IDLE state is
performed in present UMTS systems and is done by the network signaling to
the UE a DRX parameter and synchronizing the UE and the network. [0005] In
an ACTIVE state however, various issues exist for turning off the receiver
based on a DRX parameter. This includes the fact that only network
controlled handover is allowed in the LTE_ACTIVE state. Also, other issues
include efficient signaling of activation and deactivation of DRX,
measurement requirements of network signals during the DRX, handling of
missed handover opportunities, and issues dealing with the length of the
DRX value in which entity in the network can request DRX activation and
reconfiguring the DRX period.   1  
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[0006] US Application No. 2007/0291728 to Delsgaard at al. discloses a
system whereby the UE receives interim DRX parameters shortly after being
addressed in an allocation table. The interim DRX parameters include DRX
cycle length and a length of time for which the interim DRX parameters are
applicable. After the expiry of the length of time, the UE resumes regular
DRX. [0007] US Application No. 200710168826 to Terry et al. discloses a
system for implementing HARO assisted ARQ. When a packet falls to transmit,
and retransmission is unsuccessful until either a recovery timer elapses, a
HARQ packet with a higher sequence number is received, the number of
retransmissions exceeds a maximum, or the lifespan of the lost packet
elapses, the HARQ receiver sends a local NACK to the ARO receiver which
then attempts to recover tie failed packet.  2  SUMMARY 



[0007] The present disclosure provides various methods and systems for
addressing the deficiencies in the prior art regarding DRX in an LTE ACTIVE
state.  [0008] The present disclosure provides a method to control a short
discontinuous reception DRX' timer comprising: receiving a medium access
control control element checking whether a short DRX cycle is configured;
stopping the short DRX timer responsive to the checking; and utilizing a
long DRX cycle. [0009] The present disclosure further provides a method to
control a short discontinuous reception 'DRX' timer comprising: receiving a
medium access control control element; checking whether a short DRX cycle
is configured; and restarting the short DRX timer responsive to the
checking. [0010] The present disclosure still further provides a method to
control a short discontinuous reception DRX' timer comprising: receiving a
medium access control control element; checking whether a short DRX cycle
is running; and maintaining the short DRX timer responsive to the checking.
[0011] The present disclosure further provides a user equipment adapted to
control a short discontinuous reception DRX' timer comprising: a
communications subsystem adapted to communicate with a network element and
to further receive a medium access control control element; and a
processor, said processor adapted to check whether a short DRX cycle is
configured and responsive to the checking to stop the short DRX timer and
transition the user equipment to a long DRX cycle.  [0012] The present
disclosure further provides a user equipment adapted to control a short
discontinuous reception 'DRX' timer comprising: a communications subsystem
adapted to communicate with a network element and to further receive a
medium access control control element; and a processor, said processor
adapted to check whether a short DRX timer is running and responsive to the
checking to restart the short DRX timer.   [0013] The present disclosure
further provides a user equipment adapted to control a short discontinuous
reception `DRXI timer comprising: a communications subsystem adapted to
communicate with a network element and to further receive a medium access
control control element; and a processor, said processor adapted to check
whether a short DRX cycle is configured and responsive to the checking to
maintain the short DRX timer. [0014] The present disclosure further
provides a method to prevent a retransmission timer from starting,
comprising: receiving a value for a maximum number of downlink
transmissions for a hybrid acknowledgement request process; checking
whether the number of downlink transmissions for the hybrid acknowledgement
request process equals or exceeds the value; and responsive to the
checking, preventing the retransmission timer from starting. [0016] The
present disclosure further provides a method to prevent a retransmission
timer from starting, comprising: receiving a value for a specific redundant
version; checking whether the redundant version for the hybrid
acknowledgement request process equals the value; and responsive to the
checking, preventing the retransmission timer from starting. [0016] The
present disclosure further provides a method to prevent a retransmission
timer from starting, comprising: receiving an expiration value for a number
of downlink transmissions for a hybrid acknowledgement request process;
checking whether the number of downlink transmissions for the hybrid
acknowledgement request process equals or exceeds the expiration value; and
responsive to the checking, preventing the retransmission timer from
starting. [0017] The present disclosure further provides a method to limit
a duration of a retransmission timer or to prevent the start of the
retransmission timer comprising: receiving a discontinuous reception medium
access control control element; identifying a hybrid acknowledgement
request process corresponding to the discontinuous reception medium access
control control element; and preventing the start of, or stopping, the
retransmission timer for the hybrid acknowledgement request process. [0018]
The present disclosure further provides a user equipment adapted to 



prevent a retransmission timer from starting, comprising: a communication
subsystem adapted to receive a value for a maximum number of downlink
transmissions for a hybrid acknowledgement request process; and a processor
adapted to check whether the number of downlink transmissions for the
hybrid acknowledgement request process equals or exceeds the value and
responsive to the check the processor adapted to prevent the retransmission
timer from starting. [0019] The present disclosure further provides a user
equipment adapted to prevent a retransmission timer from starting,
comprising: a communications subsystem adapted to receive a value for a
specific redundant version; and a processor adapted to check whether the
redundant version for the hybrid acknowledgement request process equals to
the value and responsive to the checking, the processor adapted to prevent
the retransmission timer from starting. [0020] The present disclosure
further provides a user equipment adapted to prevent a retransmission timer
from starting, comprising: a communication subsystem adapted to receive an
expiration value for a number of downlink transmissions for a hybrid
acknowledgement request process; and a processor adapted to check whether
the number of downlink transmissions for the hybrid acknowledgement request
process equals or exceeds the expiration value and responsive to the check
the processor is adapted to prevent the retransmission timer from starting.
[0021] The present disclosure further provides a user equipment adapted to
limit a duration of a retransmission timer or to prevent the start of the
retransmission timer comprising: a communications subsystem adapted to
receive a discontinuous reception medium access control control element;
and a processor adapted to identify a hybrid acknowledgement request
process corresponding to the discontinuous reception medium access control
control element, the processor further adapted to prevent the start of, or
to stop, the retransmission timer for the hybrid acknowledgement request
process.  BRIEF DESCRIPTION OF THE DRAWINGS [0022] The present application
will be better understood with reference to the drawings, in which:
Figure 1 is a block diagram showing a long term evolution user plane
protocol stack;       Figure 2 is a block diagram showing a long term
evolution control plane protocol architecture;      Figure 3a is a flow
chart showing a method to activate deactivate and reconfigure DRX period
using a MAC-PDU header from the eNB side; 



Figure 3b is a flow chart showing a method to acknowledge the activation,
deactivation or reconfiguration of the DRX period from the UE side;
Figure 4a is a flow chart showing a method to transition directly to long
DRX period using a MAC-PDU header from the eNB side;      Figure 4b is a
flow chart showing a method to transition directly to a long DRX period
from the UE side and stopping the short DRX timer if running;      Figure
4c is a flow chart showing a method to transition directly to a long DRX
period from the UE side and resetting the short DRX timer if running;
Figure 4d is a flow chart showing a method to transition directly to a long
DRX period from the UE side and maintaining the short DRX timer if running;
Figure 6a is a flow chart showing a network side method for signaling that
a maximum number of retries has occurred;       Figure 5b is a flow chart
showing a UE side method for determining whether to start a retransmission
timer;       Figure 6a is a flow chart showing a network side method for
signaling that a maximum number of retries has occurred;       Figure 6b is
a flow chart showing a UE side method for determining whether to start a
retransmission timer;       Figure 7a is a flow chart showing a network
side method for signaling that an expiration value for a number of retries;
Figure 7b is a flow chart showing a UE side method for determining whether
to start a retransmission timer;  



Figure 8a is a flow chart showing a network side method for signaling a
maximum redundant version number;        Figure 8b is a flow chart showing
a UE side method for determining whether to start a retransmission timer;
Figure 9 is a block diagram of an exemplary mobile device apt to be used
with the present disclosure; and...       Figure 10 is a block diagram of a
simplified network element apt to be used with the present disclosure.
DETAILED DESRIPTION OF THE DRAWINGS [0023] Reference is now made to the
drawings. Figure 1 shows a block diagram illustrating the long-term
evolution (LTE) user plane protocol stack. [0024] A UE 110 communicates
with an evolved Node B (eNB) 120. [0026] Various layers are illustrated in
the protocol stack. The packet data convergence protocol (PDCP) layer 140
is illustrated both on the UE 110 and on eNB 120. The PDCP layer 140
performs Internet protocol (IP) header compression and decompression,
encryption of user data, transfer of user data and maintenance of PDCP
sequence numbers (SN) for radio bearers. [0026] Below the PDCP layer 140 is
the radio link control protocol layer 142, which communicates with the
radio link control protocol layer 142 on the eNB 120. As will be
appreciated, communication occurs through the physical layer in protocol
stacks such as those illustrated in Figures 1 and 2. However, RLC-PDUs from
the RLC layer 142 of the UE are interpreted by the RLC layer 142 on the eNB
120. [0027] Below RLC layer 142 is the medium access control (MAC) data
communication protocol layer 146. As will be appreciated by those skilled
in the art, the RLC and MAC protocols form the data link sublayers of the
LTE radio interface and reside on the eNB in LTE and user equipment. [0028]
The layer 1 (L1) LIE (physical layer 148) is below the RLC/MAC layers 142
and 146. This layer is the physical layer for communications. [0029]
Referring to Figure 2, Figure 2 illustrates the LTE control plane protocol
architecture. Similar reference numerals to those used in Figure 1 will be
used in Figure 2. Specifically, UE 110 communicates with eNB 120  



and an access gateway (aGW) 130. Further, physical layer 148, MAC layer
146, RLC layer 142 and PDCP layer 140 exist within Figure 2. [0030] Figure
2 also shows the non-access stratum (NAS) layer 210. As will be
appreciated, NAS layer 210 could include mobility management and session
management. [0031] The radio resource control protocol layer (RRC) 220, is
the part of the protocol stack that is responsible for the assignment,
configuration and release of radio resources between the UE and the E-UTRAN
(Evolved universal terrestrial radio access network). The basic
functionalities of RRC protocol for LTE is described in 3GPP TS 36.331.
[0032] As will be appreciated by those skilled in the art, in UMTS,
automatic repeat request (ARQ) functionality is carried out within the RLC
layer which resides in the radio network controller (RNC). Long Term
Evolution (LTE) moves the ARQ functionality from the RNC to eNB where a
tighter interaction may exist between the ARQ and the HARQ (within the MAC
layer, also located in the eNB). [0033] Various issues regarding DRX in an
LTE-ACTIVE state are considered herein. DRX signaling procedure [0034] Very
efficient signaling procedures for activating and de-activating DRX and
specifying the duration of DRX periods are required in order to support a
large population of UEs in a cell that are utilizing DRX in an LTE_ACTIVE
state. [0036] As will be appreciated by those skilled in the art, if the
evolved node B (eNB) transmits data to the UE during its receiver off
period due to a DRX operation, the UE cannot receive the data. Therefore,
an indication is required to ensure the UE and the eNB are synchronized
regarding when DRX is activated and deactivated. [0036] The indication
between the UE and the eNB can be explicit signaling by the radio resource
control (RRC) or layer 1/layer 2 (L1/L2) signaling. As will be appreciated,
however, explicit signaling may not be as efficient as desired. [0037] A
more efficient solution is to include an optional field in the MAC header
of a MAC-PDU (MAC Protocol Data Unit) to indicate DRX activation  



and deactivation. The field preferably indicates the DRX value and timing
margin for activation and deactivation. A value of zero, for example, could
mean DRX deactivation in the DRX value field in one embodiment. Conversely,
if data that is to be transmitted in the next MAC-PDU is the last one in
the buffer for the UE, the eNB may extend the MAC header field to include a
DRX length initial value. For example, this could be 320 milliseconds. The
timing margin is explained below, and is utilized to reduce the
consequences of a NACK to ACK or ACK to NACK misinterpretation, for the
reception status of the MAC-PDU between the UE and the eNB. [0038] For
example, three bits may be added to the MAC header to indicate eight values
of the DRX period. Thus, rather than a specific time value being sent, a
bit value from 000 to 111 could indicate one of eight discrete values.
[0039] In an alternative embodiment, a smaller field in the MAC header
could be used (for example two bits) to indicate increment or decrement.
The RRC could indicate default values, and if the MAC header indicates
increment or decrement then the UE could change to the prespecified value.
[0040] For example, a Logical Channel ID field (LCID) for a downlink shared
channel (DL-SCH) could be: Index LCID values 00000 CCCH 00001- XXXXX
Identity of the logical channel xxxxx- 



11011 Reserved 11100 {UE Contention Resolution Identity] 11101 [Timing
Advance] 11110 DRX Command 11111 Padding  



Values of LCID for DL-SCH [0041] As indicated above, a DRX Control Element
could be 11110 in the Index. [0042] Once the UE receives the DRX value, it
acknowledges it to the eNB by transmitting HARQ ACK and starts the DRX at
the system frame time considering propagation delay and processing delay at
the eNB. When the   eNB receives the ACK from the UE, it also starts the
DRX at the next system frame time. As will be appreciated, the eNB does not
turn off its transceiver, but simply knows not to transmit messages to the
individual UE.  [0043] During a DRX period, if new data arrives at the eNB,
the eNB can send a MAC-PDU with a header extension set to DRX deactivation
or a shorter DRX length depending on the amount of data in the buffer or
the quality of service requirements. The UE reconfigures the DRX
accordingly and acknowledges the MAC-PDU. When the eNB receives the ACK, it
reconfigures the DRX. As indicated above, the deactivation could be
accomplished by merely setting the length value to zero. [0044] Reference
is now made to Figure 3a and 3b. Figure 3a shows an exemplary method for
controlling DRX activation in an LTE ACTIVE state. The process starts at
block 300 and proceeds to block 310 in which data is transmitted to the UE.
As will be appreciated by those skilled in the art, data transmission in an
LTE_ACTIVE state utilizes the MAC-PDU at the data link layer to transmit
the data. [0046] The process next proceeds to block 312 in which a check is
made to see whether the buffer of data to be sent to the UE will be empty
after the next transmit. If no, the process proceeds back to block 310 in
which data is transmitted to the UE. Alternatively, if the buffer will be
empty after the next transmit and the data arrival rate is lower than a
threshold value, the process proceeds to block 314. [0046] In block 314,
the eNB sets DRX activation in the MAC-PDU header. As indicated above, this
includes a DRX activation value indicating the length of the DRX period. In
another embodiment the eNB may simply indicate an increase in the DRX
interval. The UE reconfigures the existing DRX interval to a predetermined
interval. The predetermined interval may be either known to  both eNB and
UE or pre-signaled to the UE from the eNB via explicit signaling; either by
system broadcast or RRC signaling. [0047] The process then proceeds to
block 316 in which the data including the modified MAC-PDU header is sent
to the UE. 



[0048] Reference is now made to Figure 3b. In block 318, the UE receives
the data and sees that DRX activation is specified in the MAC-PDU header.
The process proceeds to block 320 in which the UE sends an  acknowledgement
(ACK) to the eNB and starts the DRX at the system frame time considering
propagation delay and processing delay at the eN B. [0049] In block 330 of
Figure 3a, the eNB receives the ACK from the UE and starts the DRX at the
next system frame time. [0050] As will be appreciated, the DRX can continue
until various events occur which may require the DRX to be adjusted. One
event is the reception of data from aGW by the eNB for the UE. Depending on
the amount of data received, the DRX can either be deactivated or the
period of the DRX can be reduced. Other events that may require the
adjustment of the DRX include a change of signal power level between the
eNB and the UE or possibly a gradual increase in the DRX cycle due to
continued data inactivity, among others. These other events are discussed
in more detail below. [0051] In block 332 the eNB checks to see whether the
DRX needs to be adjusted. As indicated above, this could be the situation
where data is received to be sent to the UE. Here the DRX can either be
deactivated or the period adjusted. [0052] From block 332, if the DRX does
not need to be adjusted, the process proceeds back to block 332 and
continues to check whether or not the DRX needs to be adjusted. [0053] Once
the process in block 332 finds that the DRX does need to be adjusted, the
process proceeds to block 334 in which it adjusts the DRX. This could be
deactivating the DRX by transmitting a zero value for the DRX or a shorter
DRX or a longer DRX as required. [0054] The MAC-PDU with the modified
header is sent to the UE in block 336. The MAC-PDU in block 336 could also
include any data that has been received by the eNB that needs to be
transmitted to the UE. [0055] Referring to Figure 3b, the process then
proceeds to block 318 in which the MAC-PDU with modified header is received
at the UE. This MACPDU with the modified header is referred to herein as
the MAC Control Element (CE). The UE recognizes the DRX period is to be
adjusted and in block 320 it sends an acknowledgement to the eNB and it
adjusts its DRX period at the same system frame time considering
propagation delay and processing delay as at the eNB. 



[0056] Referring to Figure 3a, in block 342 the eNB receives the ACK and
starts the modified DRX period at the appropriate system frame time. The
process then proceeds back to block 332 to see whether the DRX needs to be
adjusted again. [0057] In one embodiment, a DRX command MAC control element
could indicate to a UE to transition to a DRX period. In this case, if the
eNB wants the UE to transition to a long DRX period due to lack of uplink
and downlink traffic and based on low traffic rates for non real time DRX,
under current EUTRA specifications this requires a change in the DRX
configuration to be made with an RRC configuration message. This may be a
'go-to-sleep' CE. An issue with this is that if the eNB later receives
traffic patterns that require a shorter DRX period, the RRC configuration
message will need to be sent again to reconfigure the DRX configuration on
the UE. [0058] Instead, a MAC CE could include a "go-to-long-sleep"
possibility. Thus, the eNB could provide the UE with an option to go
directly to a long DRX period or cycle without a reconfiguration message
explicitly being sent. [0059] Reference is now made to Figure 4a. In Figure
4a, the process starts at block 410 and proceeds to block- 412 in which a
check is made to determine whether a precondition for a long DRX cycle
exists. As will be appreciated by those skilled in the art, such a
precondition could include one or more of: the DRX being configured, a lack
of uplink and downlink traffic for the UE, low data transmission to the UE,
the position of the UE within a cell and the likelihood of a transition
occurring, among others. [0060] If, in block 412, a determination is made
that the precondition exists the process proceeds to block 420 in which a
long DRX MAC CE is sent to the UE. [0061] Conversely, if the precondition
in block 412 does not exist, the process proceeds to block 430 in which the
short DRX period is maintained and the process proceeds back to block 412.
Stopping the Short DRX Timer [0062] From the UE perspective, reference is
now made to Figure 4b. The process in Figure 4b starts at block 450 and
proceeds to block 452 in which a  check is made to determine whether short
DRX cycle is configured. If not, the process proceeds to block 460 in which
a long DRX cycle is used. [0063] Conversely, if it is determined in block
452 that short DRX cycle is configured, the process proceeds to block 470
in which a check is made to determine whether a DRX MAC CE command has been
received. 



[0064] From block 470, if a DRX MAC CE command has been received, the
process proceeds to block 472 in which a check is made to see whether the
short DRX timer is started. If yes, the process proceeds to block 473 in
which the short DRX timer is stopped. As will be appreciated, this avoids
having a short DRX cycle start on the expiry of the timer. [0065] The
process then proceeds to block 476 in which a long DRX cycle is used.
[0066] Conversely, if it is determined that the short DRX timer has not
been started in block 472, the process proceeds directly to block 476 and
uses a long DRX cycle. Restarting the Short DRX Timer [0067] Alternatively,
instead of stopping the short DRX cycle timer at block 473, other options
are available. A first is to restart the DRX short cycle timer. [0068]
Reference is now made to Figure 4c. In Figure 4c the same blocks as in
Figure 4b are performed, except block 473 from Figure 4b is replaced with
block 474 in Figure 4c. Block 474 restarts the short DRX timer. As will be
appreciated by those in the art, this provides the situation that, if the
DRX short cycle timer is already started when receiving the DRX MAC CE, the
duration of short DRX is extended. In this case a long DRX cycle is not
transitioned to until the expiry of the short DRX timer. [0069] From block
474 the process proceeds to block 480 and ends. Maintaining the Short DRX
Timer [0070] A further alternative option is to keep the current DRX short
cycle timer. In this case, the duration of the short DRX cycle is unchanged
regardless of the reception of the DRX MAC CE. [0071] Reference is now made
to Figure 4d, which replaces block 473 of Figure 4h with block 475. In
block 475 the process maintains the current  short DRX timer. This keeps
the current DRX transition time from a short DRX cycle to a long DRX cycle.
From block 475 the process proceeds to block 480 and ends. 



[0072] Under this embodiment, once the DRX short cycle timer expires the UE
transitions to a long DRX cycle. [0073] The three embodiments above thus
present the options of extending the short DRX cycle period by restarting
the DRX short cycle timer, maintaining the current DRX short cycle period
by maintaining the current short cycle timer, or transitioning immediately
to long DRX by stopping the DRX short cycle timer. From a battery
perspective and a network signaling perspective, the maintaining of the
current DRX short cycle timer or the transitioning directly to long DRX are
preferable. Restarting the DRX short cycle timer extends the short DRX
period which utilizes more battery and network resources then a UE in long
DRX. [0074] From block 476 the process proceeds to block 480 and ends.
[0075] From block 470, if a DRX MAC CE has not been received the process
proceeds to block 490 in which a short DRX timer is started. The process
then proceeds to block 492 in which the UE uses a short DRX period or
cycle. The use of the short DRX timer allows the UE to transition to a long
DRX cycle after the timer has expired if no data is received or sent during
the timer period. [0076] From block 492 the process proceeds to block 480
and ends. [0077] The above saves battery consumption and network resources
when very low traffic is observed by the eNB. The solution provides a more
efficient way to transition to a long DRX cycle than by sending RRC level
reconfiguration messages. DRX RETRANSMISSION TIMER [0078] A further issue
for control of DRX is with regard to the retransmission timer. As indicated
in 3GPP TS 36.321 a DRX retransmission timer specifies the maximum number
of consecutive downlink subframes the UE is to monitor the packet data
control channel (PDCCH) for when a downlink retransmission is expected by
the UE. It is utilized in situations where a packet has  unsuccessfully
been received and a retransmission of the packet has been requested. [0079]
While waiting for retransmission, an HARQ round trip time (RTT) timer is
utilized to allow the UE the ability to turn its radio off during this
time. The HARQ RTT timer is a parameter which specifies the minimum amount
of subframes before a downlink HARQ retransmission is expected by the UE.
[0080] In one embodiment, a counter, referred to herein as a retransmission
counter, will count the number of times the retransmission timer is started
or stopped by the UE. 



[0081] Current functionality for discontinuous reception in 3GPP standards
includes the following: When a DRX cycle has been configured, the UE shall
for each downlink subframe,       if a HARQ RU timer expires in this
downlink subframe and the data in the soft offer of the corresponding HARQ
process was not successfully decoded;             UE shall start the DRX
retransmission for the corresponding HARQ process. [0082] The standards
further specify that DRX retransmission timers are stopped: if the PDCCH
indicates a DL transmission;  start the HARQ RTT timer for the
corresponding HARQ process; stop the DRX retransmission timer for the
corresponding HARQ  process. One problem with the above is in the situation
that the MAC PDU is not successfully decoded when the maximum number of
transmission or retransmissions is reached. Since the maximum number of
retransmissions is reached, the eNB will not send another retransmission;
however, the UE will still expect to receive a retransmission. In this
case, the DRX retransmission timer will be started, but since the maximum
number of transmissions is reached, no retransmission will be sent, and the
retransmission timer of the  corresponding HARQ process will not be stopped
until other new transmission using the same HARQ process is indicated over
the PDCCH or the timer is  expired. The UE may wake up an additional
retransmission window without receiving anything. The consequence of this
is that in certain cases the DRX retransmission timer for certain HARQ
processes may be running unnecessarily which causes the LIE to continue to
monitor the PDCCH unnecessarily and the UE to transmit the sounding
reference signal (SRS) and channel quality indicator (CQI) and other
feedbacks that facilitate more efficient downlink transmissions
unnecessarily in the uplink. 



Send DRX MAC CE to UE  [0083] Various solutions to the above are possible.
In a first solution the network may send a DRX MAC control element to the
UE.  [0084] The reception of DRX MAC CE results in the on-duration timer
and inactivity timer being stopped. This could be extended to also stop the
retransmission timer. [0085] As will be appreciated by those skilled in the
art, stopping the retransmission timer requires identification of the HARQ
process. In one embodiment this can be done by including an optional field
within the DRX MAC CE. For example, a three bit HARQ process identifier
field could be included in the DRX MAC CE. [0086] In an alternative
embodiment the UE could stop the retransmission timer with the maximum
value or the HARQ process that has the largest number of transmissions.
[0087] Reference is now made to Figure 5a. Figure 5a shows a flow diagram
of the network side blocks used to send the DRX MAC CE. The process starts
at block 510 in which a precondition exists that the maximum number of
retries has occurred. [0088] The process then proceeds to block 512 in
which a DRX MAC CE is sent to the UE. [0089] Optionally, the process
proceeds to block 514 in which the DRX MAC CE sent at block 512 is modified
to include an HARQ process identifier. [0090] The process then proceeds to
block 520 and ends. [0091] Referring to Figure 5b, this figure shows the
LIE side functionality for stopping the retransmission timer. The process
starts at block 530 and proceeds to block 532 in which a DRX MAC CE is
received at the UE.  [0092] If the DRX MAC CE includes the optional
extension having the HARQ process identifier, the process proceeds from
block 532 to block 534 in which the HARQ process identifier is read from
the DRX MAC CE. 



[0093] Conversely, if the optional field for the process identifier does
not exist in the DRX MAC CE, the process proceeds to block 536 in which the
process identifies the HARQ process having the maximum number of
transmissions or the retransmission timer having the maximum value. Blocks
534 or 536 thus identify the retransmission timer to be stopped or
prevented from starting. [0094] From block 534 or 536 the process proceeds
to block 540 in which the retransmission timer for the process identified
in blocks 534 or 536 is stopped or prevented from starting. [0095] The
process then proceeds to block 550 and ends.  [0096] As will be appreciated
by those in the art, the above prevents a retransmission timer from running
after the maximum number of retries has occurred by providing a DRX MAC CE
to the UE to indicate that the retransmission timer should not be started
or should be stopped. Providing the Maximum Downlink Retry Value  [0097] As
a further option, the network could signal the maximum number of downlink
transmissions to the UE. In this case, the UE is therefore aware of when to
stop or prevent starting the retransmission timer. [0098] Reference is now
made to Figure 6a. Figure 6a, the network side flow diagram is shown for
signaling the maximum number of downlink transmissions to the UE. [0099]
The process of Figure 6a starts at block 610 and proceeds to block 612 in
which the maximum number of downlink transmissions is signaled to the UE.
As will be appreciated by those skilled in the art, the maximum number of
retransmissions can vary based on factors such as the quality of service
(QoS) for semi-persistent or "configured" cases. The process then proceeds
to block 614 and ends. [00100]Referring to Figure 6b, this figure shows the
UE side process. The process starts at block 620 and proceeds to block 622
in which the UE receives and stores the maximum number of downlink
transmissions possible from the network.  WO 2009/132329PCPUS2009/041769 



[00101]Communication proceeds as normal and eventually reaches block 624 in
which a check to made to determine whether a HARQ process has been
successfully decoded. If yes, the process proceeds to block 630 and ends.
Alternatively, the process could continue to receive and decode HARQ
processes. [00102]If it is determined in block 624 that the HARQ process
has not been successfully decoded the process proceeds to block 640 and
checks whether the maximum number of downlink transmissions for that
process has been reached. This could done by utilizing a retransmission
counter as described above to determine the number of retransmissions that
have occurred. If yes, the process proceeds to block 630 and ends.
[00103]Conversely, if the maximum number of downlink transmissions has not
been reached as determined in block 640 the process proceeds to block 642
and the retransmission timer is started pursuant to the current standards.
[00104]The above therefore prevents the starting of the retransmission
timer when no further retransmissions will occur. Providing an Expiration
Retry Value  [00105]As a further option, the network could signal an
expiration value to the UE, signaling the number of times a UE should start
the retransmission timer for a given HARQ process. The expiration value
relates to the 



retransmission counter, which counts the number of times the retransmission
timer is started. In this case, the UE is therefore aware of when to stop
or  prevent starting the retransmission timer. [00106]As will be
appreciated by those in the art, the expiration value can be set by the
network. Thus a network operator can determine that for certain services
such as voice over Internet protocol, the starting of a retransmission
timer more than a certain number of times will lead to a bad user
experience, and thus can set the expiration value to limit the number of
times the retransmission timer starts.  [00107]In one embodiment the
expiration retry value is less than the maximum downlink retry value.  WO
2009/132329PCT/US2009/041769 [00108]Reference is now made to Figure 7a.
Figure 7a, the network  side flow diagram is shown for signaling the
expiration value to the UE. In one embodiment a different expiration value
can be set for different types of HARQ processes. [00109]The process of
Figure 7a starts at block 710 and proceeds to block 712 in which the
expiration value or values are signaled to the UE. The process then
proceeds to block 714 and ends. 



[00110]Referring to Figure 7b, this figure shows the UE side process. The
process starts at block 720 and proceeds to block 722 in which the UE
receives and stores the expiration value or values from the network.
[00111]Communication proceeds as normal and eventually reaches block 724 in
which a check to made to determine whether a HARQ process has been
successfully decoded. If yes, the process proceeds to block 730 and ends.
Alternatively, the process could continue to receive and decode HARQ
processes. [00112]If it is determined in block 724 that the HARQ process
has not been successfully decoded, the process proceeds to block 740 and
checks whether the number of retransmissions matches or exceeds the
expiration value for the HARQ process. This could be done by utilizing a
retransmission counter as described above to determine the number of
retransmissions that have occurred. If yes, the process proceeds to block
730 and ends. [00113]Conversely, if the number of retransmissions does not
match or exceed the expiration value for the HARQ process, as determined in
block 740 the process proceeds to block 742 and the retransmission timer is
started pursuant to the current standards. [00114]The above therefore
prevents the starting of the retransmission timer when an expiration value
has been reached. Providing the a Specific Redundant Version Number
[00115]As a further option, instead of signaling a maximum number of 



downlink transmissions, the UE could instead be signaled a specific
redundant version number associated with the last retransmission so the LIE
is aware when it is the last retransmission from the network.  WO
2009/132329PCT/US2009/041769 [00116]Reference is now made to Figure 8a.
Figure 8a shows a  process from a network perspective for signaling a
specific redundant version number associated with the last retransmission.
The process starts at block 810 and proceeds to block 812 in which the
specific redundant version number is signaled to the UE. The process then
proceeds to block 814 and ends. [00117]From the UE perspective reference is
now made to Figure 8b. On the UE side Figure 8b starts at block 820 and
proceeds to block 822 in which the UE receives and stores the redundant
version number. [00118]The process then proceeds and starts to decode HARQ
processes. At block 824 a check is made to determine whether the particular
HARQ process was successfully decoded. If yes, the process proceeds to
block 830 and ends. [00119]Conversely, from block 824 if the HARQ process
was not successfully decoded the process proceeds to block 840 in which a
check is made to determine whether the last HARQ process has a redundant
version number that matches the specific redundancy version number received
at block 822. If yes, the process proceeds to block 850 and ends.
Conversely, the process proceeds to block 842 and starts the retransmission
timer. Again, this prevents the starting of the retransmission timer if
further retransmissions are not expected. [00120]The various options above
each present advantages with regard 



to the other options. The setting of a expiration value for the
retransmission timer is easy to implement and requires minimal signaling.
[00121]Conversely, the sending of a DRX MAC CE prevents the start of the
retransmission timer but requires further signaling. Similarly, the storing
of the maximum number of downlink retransmissions or specific redundant
version number prevents the retransmission timer from starting
unnecessarily. [00122]The above can be implemented on any UE. Such UEs
include, but are not limited to, personal digital assistants, cellular
telephones, wireless data devices, among others. Reference is now made to
Figure 9. [00123]UE 900 is preferably a two-way wireless communication
device having at least voice and data communication capabilities. UE 900
preferably  has the capability to communicate with other computer systems
on the Internet. Depending on the exact functionality provided, the
wireless device may be referred to as a data messaging device, a two-way
pager, a wireless e-mail device, a cellular telephone with data messaging
capabilities, a wireless Internet appliance, or a data communication
device, as examples. [00124]Where UE 900 is enabled for two-way
communication, it will incorporate a communication subsystem 911, including
both a receiver 912 and a transmitter 914, as well as associated components
such as one or more, preferably embedded or internal, antenna elements 916
and 918, local oscillators (L0s) 913, and a processing module such as a
digital signal processor (DSP) 920. As will be apparent to those skilled in
the field of communications, the particular design of the communication
subsystem 911 will be dependent upon the communication network in which the
device is intended to operate. For example, UE 900 may include a
communication subsystem 911 designed to operate within the LIE Network.
[00125]Network access requirements will also vary depending upon the 



type of network 919. For example, In UMTS and GPRS networks, network access
is associated with a subscriber or user of UE 900. For example, a GPRS
mobile device therefore requires a subscriber identity module (SIM) card in
order to operate on a GPRS network. In UMTS and LTE a USIM or SIM module is
required. In CDMA a RUIM card or module is required. These will be referred
to as a VIM interface herein. Without a valid VIM interface, a mobile
device may not be fully functional. Local or non-network communication
functions, as well as legally required functions (if any) such as emergency
calling, may be available, but mobile device 900 will be unable to carry
out any other functions involving communications over the network 900. The
VIM interface 944 is normally similar to a card-slot into which a card can
be inserted and ejected like a diskette or PCMCIA card. The VIM card can
have approximately 64K of memory and hold many key configuration 951, and
other information 953 such as identification, and subscriber related
information. [00126]When required network registration or activation
procedures have been completed, UE 900 may send and receive communication
signals  WO 2009/132329PCT/US2009/041769 over the network 919.Signals
received by antenna 916 through communication network 919 are input to
receiver 912, which may perform such common receiver functions as signal
amplification, frequency down conversion, filtering, channel selection and
the like, and in the example system shown in Figure 9, analog to digital
(ND) conversion. ND conversion of a received signal allows more complex
communication functions such as demodulation and decoding to be performed
in the DSP 920. In a similar manner, signals to be transmitted are
processed, including modulation and encoding for example, by DSP 920 and
input to transmitter 914 for digital to analog conversion, frequency up
conversion, filtering, amplification and transmission over the
communication network 919 via antenna 918. DSP 920 not only processes
communication signals, but also provides for receiver and transmitter
control. For example, the gains applied to communication signals in
receiver 912 and transmitter 914 may be adaptively controlled through
automatic gain control algorithms implemented in DSP 920. [00127]Network
919 may further communicate with multiple systems, including a server 960
and other elements (not shown). For example, network 919 may communicate
with both an enterprise system and a web client system in order to
accommodate various clients with various service levels. [00128]UE 900
preferably includes a microprocessor 938 which controls the overall
operation of the device. Communication functions, including at least data
communications, are performed through communication subsystem 911.
Microprocessor 938 also interacts with further device subsystems such as
the display 922, flash memory 924, random access memory (RAM) 926,
auxiliary input/output (I/O) subsystems 928, serial port 930, keyboard 932,
speaker 934, microphone 936, a short-range communications subsystem 940 and
any other device subsystems generally designated as 942. [00129]Some of the
subsystems shown in Figure 9 perform communication-related functions,
whereas other subsystems may provide "resident' or on-device functions.
Notably, some subsystems, such as keyboard 932 and display 922, for
example, may be used for both communication-related functions, such as
entering a text message for transmission over a communication network, and
device-resident functions such as a calculator or task list. 



WO 2009/132329PCT/US2009/041769 [00130]Operating system software used by
the microprocessor 938 is  preferably stored in a persistent store such as
flash memory 924, which may instead be a read-only memory (ROM) or similar
storage element (not shown). Those skilled in the art will appreciate that
the operating system, specific device applications, or parts thereof, may
be temporarily loaded into a volatile memory such as RAM 926. Received
communication signals may also be stored in RAM 926. Further, a unique
identifier is also preferably stored in read-only memory. [00131]As shown,
flash memory 924 can be segregated into different areas for both computer
programs 958 and program data storage 950, 952, 954 and 956. These
different storage types indicate that each program can allocate a portion
of flash memory 924 for their own data storage requirements. Microprocessor
938, in addition to its operating system functions, preferably enables
execution of software applications on the mobile device. A predetermined
set of applications that control basic operations, including at least data
and voice communication applications for example, will normally be
installed on UE 900 during manufacturing. A preferred software application
may be a personal information manager (PIM) application having the ability
to organize and manage data items relating to the user of the mobile device
such as, but not limited to, e-mail, calendar events, voice mails,
appointments, and task items. Naturally, one or more memory stores would be
available on the mobile device to facilitate storage of PIM data items.
Such PIM application would preferably have the ability to send and receive
data items, via the wireless network 919. In a preferred embodiment, the
PIM data items are seamlessly integrated, synchronized and updated, via the
wireless network 919, with the mobile device user's corresponding data
items stored or associated with a host computer system. Further
applications may also be loaded onto the mobile device 900 through the
network 919, an auxiliary I/O subsystem 928, serial port 930, short-range
communications subsystem 940 or any other suitable subsystem 942, and
installed by a user in the RAM 926 or preferably a non-volatile store (not
shown) for execution by the microprocessor 938. Such flexibility in
application installation increases the functionality of the device and may
provide enhanced on-device functions, communication-related functions, or
both. For example, secure   communication applications may enable
electronic commerce functions and other such financial transactions to be
performed using the UE 900. These applications will however, according to
the above, in many cases need to be approved by a carrier. [00132]In a data
communication mode, a received signal such as a text message or web page
download will be processed by the communication subsystem 911 and input to
the microprocessor 938, which preferably further processes the received
signal for output to the display 922, or alternatively to an auxiliary I/O
device 928. A user of UE 900 may also compose data items such as email
messages for example, using the keyboard 932, which is preferably a
complete alphanumeric keyboard or telephone-type keypad, in conjunction
with the display 922 and possibly an auxiliary I/O device 928. Such
composed items may then be transmitted over a communication network through
the communication subsystem 911. 100133]For voice communications, overall
operation of UE 900 is similar, except that received signals would
preferably be output to a speaker 934 and signals for transmission would be
generated by a microphone 936. Alternative voice or audio I/O subsystems,
such as a voice message recording subsystem, may also be implemented on UE
900. Although voice or audio signal output is preferably accomplished
primarily through the speaker 934, display 922 may also be used to provide
an indication of the identity of a calling party, the duration of a voice,
call, or other voice call related information for example. 



[00134]Serial port 930 in Figure 9 would normally be implemented in a
personal digital assistant (PDA)-type mobile device for which
synchronization with a users desktop computer (not shown) may be desirable.
Such a port 930 would enable a user to set preferences through an external
device or software application and would extend the capabilities of mobile
device 900 by providing for information or software downloads to UE 900
other than through a wireless communication network. The alternate download
path may for example be used to load an encryption key onto the device
through a direct and thus reliable and trusted connection to thereby enable
secure device communication.  WO 2009/132329PCT/US2009/041769
[00135]Alternatively, serial port 930 could be used for other
communications, and could include as a universal serial bus (USB) port. An
interface is associated with serial port 930. [00136]Other communications
subsystems 940, such as a short-range communications subsystem, is a
further optional component which may provide for communication between UE
900 and different systems or devices, which need not necessarily be similar
devices. For example, the subsystem 940 may include an infrared device and
associated circuits and components or a BluetoothTM communication module to
provide for communication with similarly enabled systems and devices.
[00137]Reference is now made to Figure 10. Figure 10 illustrates the
simplified network element adapted to make the decisions shown in Figures
3a, 4a, 5a, 6a, 7a and 8a above. Network element 1010 includes a
communications subsystem 1020 adapted to communicate with user equipment.
As will be appreciated by those skilled in the art communications subsystem
1020 does not need to directly communicate with user equipment, but could
be part of a communications path for communications to and from the user
equipment. [00138]Network element 1010 further includes a processor 1030
and a storage 1040. Storage 1040 is adapted to store information for each
user equipment being serviced by network element 1010. Processor 1030 is
adapted to, provide information such as maximum number of retries, maximum
redundant versions, DRX MAC CE, or expiration values by communications
subsystem 1920. 



[00139]The embodiments described herein are examples of structures, systems
or methods having elements corresponding to elements of the techniques of
this application. This written description may enable those skilled in the
art to make and use embodiments having alternative elements  that likewise
correspond to the elements of the techniques of this application. The
intended scope of the techniques of this application thus includes other
structures, systems or methods that do not differ from the techniques of
this  application as described herein, and further includes other
structures, systems or methods with insubstantial differences from the
techniques of this application as described herein.  CLAIMS: 1. A method to
control a short discontinuous reception 'DRX' timer comprising: checking,
by a user equipment, whether a medium access control 'MAC control element
is received and whether a short DRX cycle is configured; and
responsive to the checking, starting the short DRX timer if the short DRX
timer is not running and restarting the short DRX timer from an initial
value if the short DRX timer is running.  2. The method of claim 1, wherein
the MAC control element signals a "go to sleep" command. 



3. The method of claim 1, wherein if the checking determines that the short
DRX cycle is not configured, a long DRX cycle is used. 4. The method of
claim 1, wherein the method is performed on a user equipment.  5. The
method of claim 4, wherein the MAC control element is received from an
evolved Node B.  6. A user equipment for controlling a short discontinuous
reception 'DRX' timer comprising:        a communications subsystem
configured to communicate with a network element and to further receive a
medium access control 'MAC' control element; and        a processor, said
processor configured to check whether the control MAC control element is
received and start the short DRX timer if the short DRX timer is not
running and restart the short DRX timer from an initial value if the short
DRX timer is running.   7. The user equipment of claim 6, wherein the MAC
control element signals a "go to sleep" command.  8. The user equipment of
claim 6, wherein if processor determines that the short DRX cycle is not
configured, a long DRX cycle is used.  9. The user equipment of claim 6,
wherein the network element is an evolved Node B. 




