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(57) Abstract: This disclosure relates to techniques for adaptive C-DRX Management. A wireless device and a cellular base sta
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ADAPTIVE C-DRX MANAGEMENT

FIELD

[0001] The present application relates to wireless devices, and more particularly to systems and

methods for reducing the power consumption of wireless devices by adaptively managing their

C-DRX operation.

DESCRIPTION OF THE RELATED ART

[0002] Wireless communication systems are rapidly growing in usage. Additionally, there exist

numerous different wireless communication technologies and standards. Some examples of

wireless communication standards include GSM, UMTS (associated with, for example,

WCDMA or TD-SCDMA air interfaces), LTE, LTE Advanced (LTE-A), HSPA, 3GPP2

CDMA2000 (e.g., lxRTT, lxEV-DO, HRPD, eHRPD), IEEE 802.11 (WLAN or Wi-Fi), IEEE

802.16 (WiMAX), Bluetooth, and others.

[0003] Cellular communication technologies may be capable of providing a variety of services,

and may be used by a variety of applications. Different applications utilizing cellular

communication may have different characteristics. Cellular communication techniques which do

not take into account the different application characteristics of the various applications utilizing

cellular communication may operate inefficiently. Accordingly, improvements in the field would

be desirable.

SUMMARY

[0004] Embodiments are presented herein of methods for reducing the power consumption of

wireless devices by managing their connected-mode discontinuous reception (C-DRX) operation,

in particular based on application traffic characteristics, and of devices configured to implement

the methods.

[0005] According to some embodiments, a wireless device and/or a cellular base station may

analyze previous traffic and/or monitor upcoming traffic between the wireless device and the

cellular base station. If certain conditions are met, such as if there is no upcoming traffic for at

least a certain amount of time, the cellular base station may determine to transition the wireless

device to C-DRX. Under such circumstances, the base station may provide a command to the

wireless device indicating to the wireless device to transition to C-DRX. This may occur prior to



expiration of a C-DRX inactivity timer for the wireless device, or possibly even prior to initiation

of a C-DRX inactivity timer for the wireless device, at least in some instances.

[0006] In some instances, the knowledge of previous traffic patterns and/or upcoming

scheduling information for the wireless device may allow the base station to determine that it is

possible for the wireless device to skip (e.g., remain in a low power state through the scheduled

on-duration of) a certain number of C-DRX cycles immediately following transitioning to C-

DRX without sacrificing performance. In such a case, the base station may indicate this number

of C-DRX cycles which may be skipped (e.g., in the same command indicating to the wireless

device to transition to C-DRX or in a different indication), and the wireless device may skip the

indicated number of C-DRX cycles. At least in some instances, the base station may further

refrain from providing grants to the wireless device during even the on-duration portions of the

indicated number of C-DRX cycles.

[0007] In some instances, the decision to transition a wireless device to C-DRX, the parameters

of the C-DRX operation, and/or the number of C-DRX cycles to skip may be informed by the

type(s) of application traffic currently or recently being exchanged between the wireless device

and the base station. For example, timing patterns, packet size patterns, quality of service class

indicators (QCIs), and/or any of various other information which may be obtained or inferred

from previous traffic may be used to predict future traffic patterns and thus to select appropriate

C-DRX cycle length and/or other parameters.

[0008] Note that analysis of previous traffic, monitoring of upcoming traffic, and decisions

regarding C-DRX operation based on such analysis and monitoring may be performed by either

or both of the wireless device and the base station. For example, in some instances, a wireless

device may determine to transition to C-DRX prior to expiration of its C-DRX inactivity timer

based on such analysis and/or monitoring and request early C-DRX entry from the base station.

The base station may agree and provide an indication to transition to C-DRX based solely on the

wireless device's request, or may determine based on its own analysis and/or monitoring activity

whether to respond to wireless device's request by provide an indication to transition to C-DRX.

As another possibility, the base station may determine to provide an indication to transition to C-

DRX to a wireless device independently of any indication or request from the wireless device,

e.g., based solely on its own analysis and monitoring.

[0009] The techniques described herein may be implemented in and/or used with a number of

different types of devices, including but not limited to cellular phones, cellular base stations,



tablet computers, wearable computing devices, portable media players, and any of various other

computing devices.

[0010] This Summary is intended to provide a brief overview of some of the subject matter

described in this document. Accordingly, it will be appreciated that the above-described features

are merely examples and should not be construed to narrow the scope or spirit of the subject

matter described herein in any way. Other features, aspects, and advantages of the subject matter

described herein will become apparent from the following Detailed Description, Figures, and

Claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] A better understanding of the present subject matter can be obtained when the following

detailed description of the embodiments is considered in conjunction with the following

drawings, in which:

[0012] Figure 1 illustrates an exemplary (and simplified) wireless communication system,

according to some embodiments;

[0013] Figure 2 illustrates a base station (BS) in communication with a user equipment (UE)

device, according to some embodiments;

[0014] Figure 3 illustrates an exemplary (and simplified) cellular network architecture,

according to some embodiments;

[0015] Figure 4 illustrates an exemplary block diagram of a UE, according to some

embodiments;

[0016] Figure 5 illustrates an exemplary block diagram of a BS, according to some

embodiments;

[0017] Figure 6 illustrates exemplary aspects of possible C-DRX operation of a UE, according

to some embodiments; and

[0018] Figure 7 is a communication flow diagram illustrating an exemplary method for

adaptively managing C-DRX operation of a UE, according to some embodiments.

[0019] While the features described herein may be susceptible to various modifications and

alternative forms, specific embodiments thereof are shown by way of example in the drawings

and are herein described in detail. It should be understood, however, that the drawings and

detailed description thereto are not intended to be limiting to the particular form disclosed, but on



the contrary, the intention is to cover all modifications, equivalents and alternatives falling within

the spirit and scope of the subject matter as defined by the appended claims.

DETAILED DESCRIPTION

Acronyms

[0020] The following acronyms are used in the present disclosure.

[0021] 3GPP: Third Generation Partnership Project

[0022] 3GPP2: Third Generation Partnership Project 2

[0023] GSM: Global System for Mobile Communications

[0024] UMTS: Universal Mobile Telecommunications System

[0025] LTE: Long Term Evolution

[0026] EPC: Evolved Packet Core

[0027] MME: Mobility Management Entity

[0028] HSS: Home Subscriber Server

[0029] SGW: Serving Gateway

[0030] RLC: Radio Link Control

[0031] RRC: Radio Resource Control

[0032] MAC: Media Access Control

[0033] IE: Information Element

Terms

[0034] The following is a glossary of terms used in this disclosure:

[0035] Memory Medium - Any of various types of non-transitory memory devices or storage

devices. The term "memory medium" is intended to include an installation medium, e.g., a CD-

ROM, floppy disks, or tape device; a computer system memory or random access memory such

as DRAM, DDR RAM, SRAM, EDO RAM, Rambus RAM, etc.; a non-volatile memory such as

a Flash, magnetic media, e.g., a hard drive, or optical storage; registers, or other similar types of

memory elements, etc. The memory medium may include other types of non-transitory memory

as well or combinations thereof. In addition, the memory medium may be located in a first

computer system in which the programs are executed, or may be located in a second different

computer system which connects to the first computer system over a network, such as the

Internet. In the latter instance, the second computer system may provide program instructions to

the first computer for execution. The term "memory medium" may include two or more memory



mediums which may reside in different locations, e.g., in different computer systems that are

connected over a network. The memory medium may store program instructions (e.g., embodied

as computer programs) that may be executed by one or more processors.

[0036] Carrier Medium - a memory medium as described above, as well as a physical

transmission medium, such as a bus, network, and/or other physical transmission medium that

conveys signals such as electrical, electromagnetic, or digital signals.

[0037] Programmable Hardware Element - includes various hardware devices comprising

multiple programmable function blocks connected via a programmable interconnect. Examples

include FPGAs (Field Programmable Gate Arrays), PLDs (Programmable Logic Devices),

FPOAs (Field Programmable Object Arrays), and CPLDs (Complex PLDs). The programmable

function blocks may range from fine grained (combinatorial logic or look up tables) to coarse

grained (arithmetic logic units or processor cores). A programmable hardware element may also

be referred to as "reconfigurable logic".

[0038] Computer System - any of various types of computing or processing systems,

including a personal computer system (PC), mainframe computer system, workstation, network

appliance, Internet appliance, personal digital assistant (PDA), television system, grid computing

system, or other device or combinations of devices. In general, the term "computer system" can

be broadly defined to encompass any device (or combination of devices) having at least one

processor that executes instructions from a memory medium.

[0039] User Equipment (UE) (or "UE Device") - any of various types of computer systems

devices which are mobile or portable and which performs wireless communications. Examples

of UE devices include mobile telephones or smart phones (e.g., iPhone™, Android™-based

phones), portable gaming devices (e.g., Nintendo DS™, PlayStation Portable™, Gameboy

Advance™, iPhone™), wearable devices (e.g., smart watch, smart glasses), laptops, PDAs,

portable Internet devices, music players, data storage devices, or other handheld devices, etc. In

general, the term "UE" or "UE device" can be broadly defined to encompass any electronic,

computing, and/or telecommunications device (or combination of devices) which is easily

transported by a user and capable of wireless communication.

[0040] Base Station - The term "Base Station" has the full breadth of its ordinary meaning, and

at least includes a wireless communication station installed at a fixed location and used to

communicate as part of a wireless telephone system or radio system.

[0041] Processing Element - refers to various elements or combinations of elements.

Processing elements include, for example, circuits such as an ASIC (Application Specific



Integrated Circuit), portions or circuits of individual processor cores, entire processor cores,

individual processors, programmable hardware devices such as a field programmable gate array

(FPGA), and/or larger portions of systems that include multiple processors.

[0042] Channel - a medium used to convey information from a sender (transmitter) to a receiver.

It should be noted that since characteristics of the term "channel" may differ according to

different wireless protocols, the term "channel" as used herein may be considered as being used

in a manner that is consistent with the standard of the type of device with reference to which the

term is used. In some standards, channel widths may be variable (e.g., depending on device

capability, band conditions, etc.). For example, LTE may support scalable channel bandwidths

from 1.4 MHz to 20MHz. In contrast, WLAN channels may be 22MHz wide while Bluetooth

channels may be IMhz wide. Other protocols and standards may include different definitions of

channels. Furthermore, some standards may define and use multiple types of channels, e.g.,

different channels for uplink or downlink and/or different channels for different uses such as

data, control information, etc.

[0043] Band - The term "band" has the full breadth of its ordinary meaning, and at least includes

a section of spectrum (e.g., radio frequency spectrum) in which channels are used or set aside for

the same purpose.

[0044] Automatically - refers to an action or operation performed by a computer system (e.g.,

software executed by the computer system) or device (e.g., circuitry, programmable hardware

elements, ASICs, etc.), without user input directly specifying or performing the action or

operation. Thus the term "automatically" is in contrast to an operation being manually performed

or specified by the user, where the user provides input to directly perform the operation. An

automatic procedure may be initiated by input provided by the user, but the subsequent actions

that are performed "automatically" are not specified by the user, i.e., are not performed

"manually", where the user specifies each action to perform. For example, a user filling out an

electronic form by selecting each field and providing input specifying information (e.g., by

typing information, selecting check boxes, radio selections, etc.) is filling out the form manually,

even though the computer system must update the form in response to the user actions. The form

may be automatically filled out by the computer system where the computer system (e.g.,

software executing on the computer system) analyzes the fields of the form and fills in the form

without any user input specifying the answers to the fields. As indicated above, the user may

invoke the automatic filling of the form, but is not involved in the actual filling of the form (e.g.,

the user is not manually specifying answers to fields but rather they are being automatically



completed). The present specification provides various examples of operations being

automatically performed in response to actions the user has taken.

Figures 1-3 - Communication System

[0045] Figure 1 illustrates an exemplary (and simplified) wireless communication system,

according to some embodiments. It is noted that the system of Figure 1 is merely one example of

a possible system, and that features of this disclosure may be implemented in any of various

systems, as desired.

[0046] As shown, the exemplary wireless communication system includes a base station 102A

which communicates over a transmission medium with one or more user devices 106A, 106B,

etc., through 106N. Each of the user devices may be referred to herein as a "user equipment"

(UE). Thus, the user devices 106 are referred to as UEs or UE devices.

[0047] The base station 102A may be a base transceiver station (BTS) or cell site, and may

include hardware that enables wireless communication with the UEs 106A through 106N. The

base station 102A may also be equipped to communicate with a network 100 (e.g., a core

network of a cellular service provider, a telecommunication network such as a public switched

telephone network (PSTN), and/or the Internet, among various possibilities). Thus, the base

station 102A may facilitate communication between the user devices and/or between the user

devices and the network 100.

[0048] The communication area (or coverage area) of the base station may be referred to as a

"cell." The base station 102A and the UEs 106 may be configured to communicate over the

transmission medium using any of various radio access technologies (RATs), also referred to as

wireless communication technologies, or telecommunication standards, such as GSM, UMTS

(WCDMA, TD-SCDMA), LTE, LTE-Advanced (LTE-A), 3GPP2 CDMA2000 (e.g., lxRTT,

lxEV-DO, HRPD, eHRPD), Wi-Fi, WiMAX etc.

[0049] Base station 102A and other similar base stations (such as base stations 102B...102N)

operating according to the same or a different cellular communication standard may thus be

provided as a network of cells, which may provide continuous or nearly continuous overlapping

service to UEs 106A-N and similar devices over a wide geographic area via one or more cellular

communication standards.

[0050] Thus, while base station 102A may act as a "serving cell" for UEs 106A-N as illustrated

in Figure 1, each UE 106 may also be capable of receiving signals from (and possibly within

communication range of) one or more other cells (which might be provided by base stations



102B-N and/or any other base stations), which may be referred to as "neighboring cells". Such

cells may also be capable of facilitating communication between user devices and/or between

user devices and the network 100. Such cells may include "macro" cells, "micro" cells, "pico"

cells, and/or cells which provide any of various other granularities of service area size. For

example, base stations 102A-B illustrated in Figure 1 might be macro cells, while base station

102N might be a micro cell. Other configurations are also possible.

[0051] Note that a UE 106 may be capable of communicating using multiple wireless

communication standards. For example, a UE 106 might be configured to communicate using

two or more of GSM, UMTS, CDMA2000, WiMAX, LTE, LTE-A, WLAN, Bluetooth, one or

more global navigational satellite systems (GNSS, e.g., GPS or GLONASS), one and/or more

mobile television broadcasting standards (e.g., ATSC-M/H or DVB-H), etc. Other combinations

of wireless communication standards (including more than two wireless communication

standards) are also possible.

[0052] Figure 2 illustrates user equipment 106 (e.g., one of the devices 106A through 106N) in

communication with a base station 102 (e.g., one of the base stations 102A through 102N),

according to some embodiments. The UE 106 may be a device with cellular communication

capability such as a mobile phone, a hand-held device, a wearable device, a computer or a tablet,

or virtually any type of wireless device.

[0053] The UE 106 may include a processor that is configured to execute program instructions

stored in memory. The UE 106 may perform any of the method embodiments described herein

by executing such stored instructions. Alternatively, or in addition, the UE 106 may include a

programmable hardware element such as an FPGA (field-programmable gate array) that is

configured to perform any of the method embodiments described herein, or any portion of any of

the method embodiments described herein.

[0054] As noted above, the UE 106 may be configured to communicate using any of multiple

RATs. For example, the UE 106 may be configured to communicate using two or more of GSM,

CDMA2000, LTE, LTE-A, WLAN, or GNSS. Other combinations of wireless communication

technologies are also possible.

[0055] The UE 106 may include one or more antennas for communicating using one or more

wireless communication protocols or technologies. In one embodiment, the UE 106 might be

configured to communicate using either of CDMA2000 (lxRTT / lxEV-DO / HRPD / eHRPD)

or LTE using a single shared radio and/or GSM or LTE using the single shared radio. The

shared radio may couple to a single antenna, or may couple to multiple antennas (e.g., for



MIMO) for performing wireless communications. In general, a radio may include any

combination of a baseband processor, analog RF signal processing circuitry (e.g., including

filters, mixers, oscillators, amplifiers, etc.), or digital processing circuitry (e.g., for digital

modulation as well as other digital processing). Similarly, the radio may implement one or more

receive and transmit chains using the aforementioned hardware. For example, the UE 106 may

share one or more parts of a receive and/or transmit chain between multiple wireless

communication technologies, such as those discussed above.

[0056] In some embodiments, the UE 106 may include separate transmit and/or receive chains

(e.g., including separate RF and/or digital radio components) for each wireless communication

protocol with which it is configured to communicate. As a further possibility, the UE 106 may

include one or more radios which are shared between multiple wireless communication

protocols, and one or more radios which are used exclusively by a single wireless communication

protocol. For example, the UE 106 might include a shared radio for communicating using either

of LTE and IxRTT (or LTE and GSM), and separate radios for communicating using each of

Wi-Fi and Bluetooth. Other configurations are also possible.

[0057] Figure 3 illustrates an exemplary, simplified portion of a wireless communication system,

such as a 3GPP compliant cellular network, according to some embodiments.

[0058] As shown, a UE 106 may be in communication with a base station, shown in this

exemplary embodiment as an eNodeB 102. In turn, the eNodeB may be coupled to a core

network, shown in this exemplary embodiment as an evolved packet core (EPC) 100. As shown,

the EPC 100 may include mobility management entity (MME) 322, home subscriber server

(HSS) 324, and serving gateway (SGW) 326. The EPC 100 may include various other devices

and/or entities known to those skilled in the art as well.

Figure 4 - Exemplary Block Diagram of a UE

[0059] Figure 4 illustrates an exemplary block diagram of a UE 106. As shown, the UE 106

may include a system on chip (SOC) 400, which may include portions for various purposes. For

example, as shown, the SOC 400 may include processor(s) 402 which may execute program

instructions for the UE 106 and display circuitry 404 which may perform graphics processing

and provide display signals to the display 460. The processor(s) 402 may also be coupled to

memory management unit (MMU) 440, which may be configured to receive addresses from the

processor(s) 402 and translate those addresses to locations in memory (e.g., memory 406, read

only memory (ROM) 450, NAND flash memory 410) and/or to other circuits or devices, such as



the display circuitry 404, wireless communication circuitry 430, connector F 420, and/or

display 460. The MMU 440 may be configured to perform memory protection and page table

translation or set up. In some embodiments, the MMU 440 may be included as a portion of the

processor(s) 402.

[0060] As also shown, the SOC 400 may be coupled to various other circuits of the UE 106.

For example, the UE 106 may include various types of memory (e.g., including NAND flash

410), a connector interface 420 (e.g., for coupling to a computer system, dock, charging station,

etc.), the display 460, and wireless communication circuitry 430 (e.g., for LTE, CDMA2000,

Bluetooth, WiFi, etc.).

[0061] As noted above, the UE 106 may be configured to communicate wirelessly using

multiple wireless communication technologies. As further noted above, in such instances, the

wireless communication circuitry 430 may include radio components which are shared between

multiple wireless communication technologies and/or radio components which are configured

exclusively for use according to a single wireless communication technology. As shown, the UE

device 106 may include at least one antenna (and possibly multiple antennas, e.g., for MIMO

and/or for implementing different wireless communication technologies, among various

possibilities), for performing wireless communication with cellular base stations and/or other

devices. For example, the UE device 106 may use antenna(s) 435 to perform the wireless

communication.

[0062] As described further subsequently herein, the UE 106 may include hardware and

software components for implementing part or all of the methods described herein. The

processor 402 of the UE device 106 may be configured to implement part or all of the features

described herein, e.g., by executing program instructions stored on a memory medium (e.g., a

non-transitory computer-readable memory medium). Alternatively (or in addition), processor

402 may be configured as a programmable hardware element, such as an FPGA (Field

Programmable Gate Array), or as an ASIC (Application Specific Integrated Circuit).

Alternatively (or in addition) the processor 402 of the UE device 106, in conjunction with one or

more of the other components 400, 404, 406, 4 10, 420, 430, 435, 440, 450, 460 may be

configured to implement part or all of the features described herein.

Figure 5 - Base Station

[0063] Figure 5 illustrates an exemplary block diagram of a base station 102. It is noted that

the base station of Figure 5 is merely one example of a possible base station. As shown, the base



station 102 may include processor(s) 504 which may execute program instructions for the base

station 102. The processor(s) 504 may also be coupled to memory management unit (MMU)

540, which may be configured to receive addresses from the processor(s) 504 and translate those

addresses to locations in memory (e.g., memory 560 and read only memory (ROM) 550) or to

other circuits or devices.

[0064] The base station 102 may include at least one network port 570. The network port 570

may be configured to couple to a telephone network and provide a plurality of devices, such as

UE devices 106, access to the telephone network as described above.

[0065] The network port 570 (or an additional network port) may also or alternatively be

configured to couple to a cellular network, e.g., a core network of a cellular service provider.

The core network may provide mobility related services and/or other services to a plurality of

devices, such as UE devices 106. In some cases, the network port 570 may couple to a telephone

network via the core network, and/or the core network may provide a telephone network (e.g.,

among other UE devices serviced by the cellular service provider).

[0066] The base station 102 may include at least one antenna 534, and possibly multiple

antennas. The antenna(s) 534 may be configured to operate as a wireless transceiver and may be

further configured to communicate with UE devices 106 via radio 530. The antenna(s) 534

communicates with the radio 530 via communication chain 532. Communication chain 532 may

be a receive chain, a transmit chain or both. The radio 530 may be configured to communicate

via various wireless communication technologies, including, but not limited to, LTE, LTE-A,

GSM, WCDMA, CDMA2000, Wi-Fi, etc.

[0067] The processor(s) 504 of the base station 102 may be configured to implement part or all

of the methods described herein, e.g., by executing program instructions stored on a memory

medium (e.g., a non-transitory computer-readable memory medium). Alternatively, the

processor 504 may be configured as a programmable hardware element, such as an FPGA (Field

Programmable Gate Array), or as an ASIC (Application Specific Integrated Circuit), or a

combination thereof.

Figures 6-7 - C-DRX Management

[0068] Currently, many UEs are capable of running a wide variety of data applications in

parallel. Such diversity in applications creates a diversity in traffic patterns that in turn may be

supported by wireless networks.



[0069] The unpredictable nature of such application profiles may lead to challenges in designing

network operations that function efficiently under all scenarios. For example, different network

design and operational decisions may have different impacts on UE performance considerations

such as latency, throughput and power consumptions, such that trade-offs between such UE

performance considerations may occur.

[0070] One network design and operation tradeoff may relate to balancing state change

frequency (which may create additional network signaling and potentially congestion) with UE

power consumption (e.g., connected mode may consume more power than idle mode).

[0071] According to certain radio access technologies (such as LTE, among various

possibilities), a UE may be able to operate in either of an idle mode or a connected mode. For

example, a UE attached to an LTE network may operate in one of an RRC idle or

RRC_connected state with respect to the network. In the idle mode, the UE may operate using

discontinuous reception (DRX), which may allow the UE to switch off its radio receiver for a

majority of the time and thereby reduce its power consumption. For example, in idle DRX the

wireless device may periodically monitor the cell for paging information directed to the wireless

device at scheduled intervals, and enter a low power state or "sleep" between such scheduled

intervals. The UE may (at least in some instances) enter the idle mode upon initially attaching

to a network or receiving a Radio Resource Control (RRC) connection release message from the

network.

[0072] If the UE has application data to transmit or receive, the UE may first transition from the

idle mode to the connected mode. The transition from idle to connected mode may be initiated

by the UE (e.g., by way of a random access procedure or RACH) or by the network (e.g., by

paging the wireless device). In the connected mode, a UE may be in active data transmission or

in a connected DRX (C-DRX) mode. The C-DRX mode may be used by the UE if configured by

the network, and may include following a configured pattern of on and off cycles. Various 'short'

or 'long' DRX cycle lengths may be possible according to various C-DRX configurations.

[0073] The C-DRX mode may represent an attempt to improve the balance between excessive

state transitions and excessive power consumption, as this may allow a UE to remain in the

connected mode while still providing for the UE to switch off its radio receiver for a portion of

the time, which may help save UE power without requiring a state transition. Figure 6 illustrates

exemplary characteristics of C-DRX according to one possible configuration. Note that Figure 6

and the information provided with respect thereto are provided as being illustrative of certain

possible exemplary aspects of C-DRX operation, and are not intended to be limiting to the



disclosure as a whole. Numerous alternatives to and variations of the following details are also

possible and should be considered within the scope of the present disclosure.

[0074] As shown, a UE in C-DRX may periodically 'sleep' (e.g., power down some or all radio

components to save power) rather than continuously decode control channels (e.g., PDCCH in

LTE). The base station (e.g., eNB in LTE) which provides a cell to which the UE is attached

(i.e., the serving base station of the UE) may agree to not schedule data exchanges for the UE

during designated sleep ("DRX-Off or "off-duration") portions of each C-DRX cycle.

According to the C-DRX configuration selected for the UE by the base station, such scheduling

may instead occur during designated awake ("DRX-On" or "on-duration") portions of each C-

DRX cycle. Generally, a UE may refrain from entering C-DRX for a configured length of time

(e.g., the length of a DRX inactivity timer) after any traffic activity between the UE and the base

station, but may enter C-DRX once the configured length of time has expired if no new traffic

activity has occurred in the meantime.

[0075] The C-DRX parameters governing the C-DRX operation of a UE may be provided by the

serving base station of the UE, for example in an RRC configuration or reconfiguration message.

As one possibility, the parameters may include the DRX cycle length (i.e., the duration of one

cycle of UE on/off time), the on-duration timer (i.e., the duration of time the UE monitors control

channel(s) such as PDCCH during each DRX cycle), and the DRX inactivity timer (i.e., the

duration of time for which the UE continuously monitors control channel(s) such as PDCCH

after receiving a scheduling message before the UE may enter (or re-enter) C-DRX). At least in

some instances, a DRX cycle offset (e.g., to ensure the UE and the base station are coordinated

with respect to when the on- and off-duration portions of each DRX cycle of the UE occur) may

also be included among the C-DRX parameters.

[0076] While the relative widths of the various C-DRX cycle parameters illustrated in Figure 6

are presented with arbitrarily chosen sizes for the sake of clarity of the illustration, it should be

noted that any of a variety of possible values may be selected for each of these parameters, as

desired. For example, as one possibility, the inactivity timer value may be 200ms, the DRX

cycle length may be 320ms, and the on-duration may be 10ms. These values are provided by

way of example only, and any number of other values (e.g., inactivity timer values of 50ms,

100ms, 150ms, etc.; DRX cycle length values of 20ms, 60ms, 120ms, etc.; on-duration values of

2ms, 5ms, 20ms, etc.) are also possible.

[0077] As currently constructed, C-DRX may result in excessive UE power consumption. For

example, while an ideal C-DRX mechanism might be tailored to each application and traffic



pattern to save the most UE power, this level of fine-tuning for each traffic pattern may be

considered impractical — hence, current C-DRX patterns may only crudely match changing

traffic patterns.

[0078] Accordingly, Figure 7 illustrates a method to dynamically adapt C-DRX operation to

changing traffic patterns. The scheme shown in Figure 7 may be used in conjunction with any of

the computer systems or devices shown in the above Figures, among other devices. As one

possibility (and as illustrated) the method may be performed between a UE 106 and a BS 102.

Note that the scheme shown in Figure 7 may be used in conjunction with LTE systems as one

possibility, or in conjunction with any of various other cellular systems, as desired.

[0079] In various embodiments, some of the elements of the scheme shown may be performed

concurrently, in a different order than shown, or may be omitted. Additional elements may also

be performed as desired. As shown, the scheme may operate as follows.

[0080] In 702, a cellular link may be established between the UE 106 and the BS 102.

Establishing the cellular link may include the UE 106 attaching to a cell provided by the BS 102.

Attaching to the cell may include acquiring system information (e.g., which the base station may

broadcast in a system information block) and registering with the network of the BS 102. The

wireless device may initially operate in an idle mode upon attaching to the cell. At least in some

instances, establishing the cellular link may also include the UE transitioning to connected mode

with the BS 102.

[0081] In 704, either or both of the BS 102 and the UE 106 may monitor upcoming traffic /

upcoming scheduling information for the UE 106. It may be the case that the BS 102 has

knowledge of upcoming data to be transmitted to the UE 106 on the downlink and may be able to

infer whether or not there is upcoming data to be received from the UE 106 on the uplink. For

example, the BS 102 may be responsible for scheduling uplink transmissions based on uplink

scheduling requests from the UE 106, so when there is no pending scheduling request (e.g., the

UE 106 has not informed the BS 102 that it has data to send in the uplink), the UE 106 will not

be scheduled an uplink (e.g., PUSCH) grant. Thus, by monitoring upcoming traffic for the UE

106, the BS 102 may be able to determine when a scenario is occurring in which there is no

upcoming traffic for at least a certain amount of time, such that the UE 106 would be able to

enter C-DRX (e.g., possibly prior to expiration of a C-DRX inactivity timer of the wireless

device) to save power without delaying application traffic to or from the UE 106.

[0082] The UE 106 may not have as detailed knowledge of upcoming downlink traffic to the UE

106 as the BS 102, at least in some instances, but the UE 106 may have knowledge of upcoming



data to be transmitted to the BS 102 on the uplink, for example based on the contents (or lack

thereof) of RLC buffers of the UE 102. Thus, at least in some instances, the UE 106 may be able

to determine when a scenario is occurring in which there is at least no upcoming uplink traffic

for at least a certain amount of time, such that the UE 106 would be able to enter C-DRX to save

power without delaying application traffic from the UE 106 if it happens to be the case that there

is also no upcoming downlink traffic for some or all of that amount of time.

[0083] Based on such monitoring of its upcoming traffic (e.g., if the UE 106 does detect such a

scenario, and is not yet in C-DRX), in 706 the UE 106 may (e.g., optionally) transmit a request to

enter C-DRX to the BS 102. The request may, for example, indicate to the BS 102 that the UE

106 is willing to enter C-DRX prior to expiration of the C-DRX inactivity timer. If desired, the

request (or a separate indication, if desired) may further indicate a duration of time for which the

UE 106 could remain asleep without impacting UL operations. The request may take any desired

form, such as a MAC control element (CE), an IE in an RRC message, etc.

[0084] In 708, the BS 102 may transmit a command to enter C-DRX to the UE 106.

Transmitting the command may be based at least in part on monitoring upcoming traffic for the

UE 106 by the BS 102. In some instances, the command may also or alternatively be provided at

least partially in response to the request to enter C-DRX received from the UE 106.

Alternatively, the BS 102 may provide the command unprompted (i.e., without receiving a

request to enter C-DRX from the UE 106). In other words, the BS 102 may either unilaterally

determine based on monitoring UE traffic considerations and/or the condition (e.g., empty/full)

of the base station's data buffer for the UE 106 to put the UE 106 into C-DRX, or may determine

to do so based both on UE traffic considerations and a request such as described herein from the

UE 106, or may determine put the UE 106 into C-DRX based solely on the request to enter C-

DRX received from the UE 106.

[0085] The BS 102 may also determine parameters of the C-DRX mode for the wireless device,

and may also indicate (e.g., in the command to enter C-DRX or in a different indication) the

determined parameters of the C-DRX mode to the wireless device. The parameters of the C-

DRX mode may be determined based on any of various considerations, potentially including

packet size and/or timing patterns of previous traffic between the base station and the wireless

device, application traffic characteristics of a primary application active on the UE 106 (e.g., as

further described below herein), and/or any other desired considerations.

[0086] Thus the BS 102 may place the UE 106 in a C-DRX pattern to save power. At least in

some instances, the BS 102 may also determine, based on upcoming scheduling information for



the UE 106, that the UE 106 may be able to skip waking up for a certain number of C-DRX cycle

on-durations upon initially transitioning to the C-DRX mode. In such an instance, the BS 102

may further indicate (e.g., in the command to enter C-DRX or in a different indication) to the UE

a number of C-DRX cycles through which the UE 106 should remain in a low power state (e.g.,

sleeping and not decoding the control channel even during the on-duration portion of those C-

DRX cycles). In other words, the BS 102 may also decide and signal to the UE 106 for how

many DRX ON period cycles the UE 106 can stay off (i.e. skip) to save additional battery. This

may also be at least partially determined based on information received from the UE 106 (e.g.,

based on an indication of a duration of time for which the UE 106 could remain asleep without

impacting UL operations), at least in some instances. The command may take any desired form,

such as a MAC control element (CE), an IE in an RRC message, etc. As one specific possibility,

the command may take the form of a MAC CE DRX command. For example, in LTE, this could

be achieved in either of the following two ways:

a. The eNB may send the MAC CE DRX command and a new (e.g., separate) MAC

CE with a LCID that is currently described as reserved (e.g., in 3GPP TS 36.321)

that contains the number of C-DRX cycles the UE will sleep. These two MAC

CEs may be sent in the same MAC payload (i.e., in the same transmission time

interval (TTI)).

b. The eNB may send a new MAC CE (i.e., having a LCID that is currently

described as reserved) that will contain both the command to sleep and the

number of DRX cycles to sleep.

[0087] In 710, the UE 106 may enter C-DRX operation based on the command to enter C-DRX.

Thus, the UE 106 may sleep, possibly prior to expiration of the C-DRX inactivity timer of the

UE 106, and may remain in the low power state through the indicated number of C-DRX cycles.

In other words, for each C-DRX cycle of the indicated number of next C-DRX cycles, the UE

106 may not wake up to monitor the control channel(s) even during the on-duration portions of

those C-DRX cycles. The BS 102 may refrain from scheduling transmissions and/or providing

grants during the indicated number of C-DRX cycles after sending the command, so that the UE

106 may not miss any scheduling information or transmissions as a result of sleeping through

(skipping) the indicated number of C-DRX cycles.

[0088] As previously noted, the UE 106 and/or the BS 102 may monitor upcoming traffic in

order to determine when it may be possible for the UE 106 to opportunistically enter C-DRX. It

should also be noted that any number of other factors may be considered by the BS 102 and/or



the UE 106 in addition to or as alternatives to simply determining whether or not there is

upcoming traffic for the UE 106 for a given duration of time when determining whether or not to

command the UE 106 to enter C-DRX and how many (if any) C-DRX cycles to indicate to the

UE 106 to skip. In some instances, the UE 106 and/or the BS 102 may analyze previous and/or

current traffic between the UE 106 and the BS 102 as part of determining whether or not the UE

106 should enter C-DRX and for how many C-DRX cycles the UE 106 should remain asleep

after transitioning to C-DRX.

[0089] For example, any or all of the following may be considered when determining to provide

a command to enter C-DRX to a UE 106 and to determine a number of C-DRX cycles to indicate

to skip: traffic conditions and/or patterns; amount of data for an application; number of

applications running on the UE 106 that have traffic; priority of traffic based on specific

application or application type (e.g., application types with low latency requirements such as

voice traffic or interactive gaming might have highest priority, as one possibility); signal to noise

ratio (SNR); interference; and/or any of various other considerations. Note also that the priority

of traffic (e.g., based on application type) may be predetermined or may dynamically change (for

example based on amount of traffic it generates during a period of time), as desired.

[0090] In some instances, the UE 106 and/or the BS 102 may buffer certain data for transmission

while the UE is sleeping (e.g., through an indicated number of C-DRX cycles or between C-DRX

cycles) and bundle that data together with other data for transmission at a later time (e.g., during

the next on-duration portion of a C-DRX cycle when the UE 106 will be monitoring the control

channel(s)). For example, the data traffic from different applications with different priorities

and/or traffic patterns can be bundled with application data from a "primary application". The

primary application may be any of various applications and may be selected as the primary

application based on any of various possible considerations, as desired. Note additionally that

the primary application may be an application which is explicitly identified as being active or an

application which is inferred to be active based on observed traffic patterns (e.g., if no explicit

indication of application or application type is available). As one possibility, an application

which follows certain predictable behavior (e.g., a voice or video calling application, etc.) and

has some latency constraints (e.g., a real-time application) may be considered the primary

application. As the primary application in such a case may have a target latency (e.g., based on

application needs and/or priority level) and may exhibit a periodic traffic pattern, in some

instances the C-DRX cycle of the UE 106 may be configured specifically based on the primary

application. For example, C-DRX cycle characteristics (e.g., C-DRX cycle length, on-duration



length, and/or inactivity timer length, among various possibilities) for the UE 106 may be

selected by the base station 102 based on latency considerations and/or a typical traffic

periodicity of the primary application (e.g., such that the C-DRX cycle length matches the traffic

periodicity of the primary application).

[0091] Thus, in order to maintain the C-DRX pattern for the primary application and maximize

UE power conservation and/or network resource efficiency, the UE 106 and/or the BS 102 may

bundle data for traffic of best effort application(s) and the primary application(s), and the best

effort traffic will be sent along with the primary application traffic.

[0092] The BS 106 may determine which application of those applications of the UE 106 with

active traffic is considered the primary application in any of various ways. As one possibility,

the BS 106 may analyze previous traffic for periodicity and/or fixed payload transmissions,

which may be indicative of a high-priority and/or latency sensitive application. In other words,

the BS 106 may be able to infer or learn the characteristics of the primary application, select C-

DRX cycle characteristics based on those characteristics and bundle other application data

accordingly without direct knowledge of the precise application which it has determined is the

primary application. As another possibility, the BS 106 may analyze previous traffic for priority

indications. For example, QCI values of previous traffic may be considered, and if there is traffic

with QCI=1, this may be considered primary application traffic. If desired, QCI or other priority

labeling of previous application traffic may be considered in combination with observations of

traffic patterns of previous application traffic and/or any of various other desired considerations

to determine a primary application (or to infer characteristics of the primary application). Note

also that the UE 106 may utilize similar techniques to determine the primary application and to

bundle non-primary application traffic with primary application traffic, if desired.

[0093] Thus, according to the method of Figure 7, a BS 102 and a UE 106 may be able to

adaptively manage C-DRX operation of the UE 106 based at least in part on the characteristics of

application traffic being exchanged between the UE 106 and the BS 102. The techniques

described herein may allow for power consumption of the UE 106 to be reduced substantially

while also meeting the latency and quality of service requirements of applications exchanging

network traffic by way of the base station 102.

[0094] It should be noted that the method of Figure 7 may be repeated any number of times, as

desired, including performing the method multiple times over the course of a communication

session between a particular UE and a base station, and/or performing the method between a base

station and each of multiple UEs served by the BS. It should further be noted that details of the



method may vary between different implementations or iterations; for example, the "skip count"

or number of C-DRX cycles indicated to a UE to skip with a command to enter C-DRX may vary

depending on traffic conditions, application types and requirements of active applications,

network congestion, and/or other factors, and thus may differ on different occasions.

[0095] Embodiments of the present disclosure may be realized in any of various forms. For

example some embodiments may be realized as a computer-implemented method, a computer-

readable memory medium, or a computer system. Other embodiments may be realized using

one or more custom-designed hardware devices such as ASICs. Still other embodiments may be

realized using one or more programmable hardware elements such as FPGAs.

[0096] In some embodiments, a non-transitory computer-readable memory medium may be

configured so that it stores program instructions and/or data, where the program instructions, if

executed by a computer system, cause the computer system to perform a method, e.g., any of a

method embodiments described herein, or, any combination of the method embodiments

described herein, or, any subset of any of the method embodiments described herein, or, any

combination of such subsets.

[0097] In some embodiments, a device (e.g., a UE 106) may be configured to include a

processor (or a set of processors) and a memory medium, where the memory medium stores

program instructions, where the processor is configured to read and execute the program

instructions from the memory medium, where the program instructions are executable to

implement any of the various method embodiments described herein (or, any combination of the

method embodiments described herein, or, any subset of any of the method embodiments

described herein, or, any combination of such subsets). The device may be realized in any of

various forms.

[0098] Although the embodiments above have been described in considerable detail, numerous

variations and modifications will become apparent to those skilled in the art once the above

disclosure is fully appreciated. It is intended that the following claims be interpreted to embrace

all such variations and modifications.



CLAIMS

What is claimed is:

1. A method for a base station to manage connected mode discontinuous reception (C-

DRX) operation of a wireless device, the method comprising, by a base station:

establishing a cellular link with a wireless device;

monitoring upcoming traffic with the wireless device; and

providing a command indicating to the wireless device to enter C-DRX based on

monitoring upcoming traffic for the wireless device,

wherein the command further indicates to the wireless device a number of C-DRX cycles

through which to remain in a low power state.

2. The method of claim 1, the method further comprising:

analyzing previous traffic with the wireless device; and

selecting C-DRX cycle characteristics for the wireless device based on analyzing

previous traffic with the wireless device.

3. The method of claim 2,

wherein the previous traffic with the wireless device is analyzed for one or more of

timing patterns or packet size patterns.

4. The method of claim 2,

wherein analyzing previous traffic with the wireless device comprises determining if

previous traffic with the wireless device comprises a periodic fixed payload traffic pattern,

wherein selecting C-DRX cycle characteristics for the wireless device based on analyzing

previous traffic with the wireless device comprises aligning the C-DRX cycle of the wireless

device with a period of the periodic fixed payload traffic pattern if previous traffic with the

wireless device does comprise a periodic fixed payload traffic pattern.



5. The method of claim 2,

wherein analyzing previous traffic with the wireless device comprises determining

Quality of Service Class Identifier (QCI) values of previous traffic with the wireless device to

determine a primary application that is active on the cellular link with the wireless device,

wherein selecting C-DRX cycle characteristics for the wireless device based on analyzing

previous traffic with the wireless device comprises aligning the C-DRX cycle of the wireless

device with the primary application.

6. The method of claim 5, the method further comprising:

bundling best effort application data for the wireless device with primary application data

for the wireless device.

7. The method of claim 1, the method further comprising:

receiving a request to enter C-DRX from the wireless device,

wherein providing the command indicating to the wireless device to enter C-DRX is also

based the request to enter C-DRX.

8. A cellular base station, comprising:

a radio; and

an processing element operably coupled to the radio;

wherein the radio and the processing element are configured to:

establish a cellular link with a wireless device;

determine, based at least in part on upcoming scheduling information for the

wireless device, to transition the wireless device to a connected discontinuous reception (C-

DRX) mode prior to expiration of a C-DRX inactivity timer of the wireless device; and

provide a command indicating to the wireless device to enter the C-DRX mode.

9. The cellular base station of claim 8, wherein the radio and the processing element are

further configured to:

determine parameters of the C-DRX mode for the wireless device based at least in part on

packet size and/or timing patterns of previous traffic between the base station and the wireless

device;



wherein the command indicating to the wireless device to enter the C-DRX mode further

indicates the determined parameters of the C-DRX mode.

10. The cellular base station of claim 8, wherein the radio and the processing element are

further configured to:

determine, based at least in part on the upcoming scheduling information for the wireless

device, a number of on-durations for the wireless device to skip upon initially transitioning to the

C-DRX mode,

wherein the command indicating to the wireless device to enter C-DRX further indicates

the number of on-durations for the wireless device to skip upon initially transitioning to the C-

DRX mode.

11. The cellular base station of claim 8, wherein the radio and the processing element are

further configured to:

analyze previous traffic with the wireless device to determine a primary application that

is active on the cellular link with the wireless device based at least in part on Quality of Service

Class Identifier (QCI) values of previous traffic with the wireless device, and

select parameters of the C-DRX mode for the wireless device based on analyzing

previous traffic with the wireless device to align the C-DRX cycle of the wireless device with

application traffic timing of the primary application.

12. The cellular base station of claim 11, wherein the radio and the processing element

are further configured to:

bundle best effort application data for the wireless device with primary application data

for the wireless device.

13. The cellular base station of claim 8, wherein the radio and the processing element are

further configured to:

receive a request to enter the C-DRX mode from the wireless device,

wherein providing the command indicating to the wireless device to enter the C-DRX

mode is also based the request to enter the C-DRX mode.



14. The cellular base station of claim 8,

wherein the command is provided by way of a media access control (MAC) control

element (CE).

15. A wireless device, comprising:

a radio; and

a processing element operably coupled to the radio;

wherein the radio and the processing element are configured to:

establish a cellular link with a base station;

receive a command indicating to the wireless device to enter connected mode

discontinuous reception (C-DRX), wherein the command further indicates to the wireless device

a number of C-DRX cycles through which to remain in a low power state after initially entering

C-DRX;

enter C-DRX based on the command; and

remain in the low power state through the indicated number of C-DRX cycles.

16. The wireless device of claim 15, wherein the radio and the processing element are

further configured to:

monitor upcoming traffic with the base station;

transmit a request to enter C-DRX to the base station based on monitoring upcoming

traffic with the base station,

wherein the command indicating to the wireless device to enter C-DRX is received in

response to the request to enter C-DRX.

17. The wireless device of claim 16, wherein the radio and the processing element are

further configured to:

determine a duration of time for which the wireless device could remain asleep without

impacting uplink operations of the wireless device based on monitoring upcoming traffic with the

base station; and

provide an indication of the determined duration of time for which the wireless device

could remain asleep without impacting uplink operations of the wireless device.



18. The wireless device of claim 15, wherein the radio and the processing element are

further configured to, while in C-DRX:

determine a primary application that is actively using the cellular link; and

bundle best effort application data with primary application data for uplink transmissions

to the base station.

19. The wireless device of claim 18,

wherein the primary application comprises an application having a periodic traffic

pattern.

20. The wireless device of claim 15,

wherein the command indicating to the wireless device to enter C-DRX is received prior

to expiration of a C-DRX inactivity timer of the wireless device, wherein the wireless device

enters C-DRX prior to expiration of the C-DRX inactivity timer of the wireless device based on

the command.
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