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TECHNIQUES AND CONFIGURATIONS ASSOCIATED WITH USER
EQUIPMENT-INITIATED CONGESTION REPORTING

CROSS-REFERENCE TO RELATED APPLICATION

This application claims the benefit of U.S. Patent Application No. 14/495,704

filed September 24, 2014, entitled "TECHNIQUES AND CONFIGURATIONS

ASSOCIATED WITH USER EQUIPMENT-INITIATED CONGESTION

REPORTING," which claims the benefit of U.S. Provisional Application No. 61/898,425

filed October 31, 2013, entitled "ADVANCED WIRELESS COMMUNICATION

SYSTEMS AND TECHNIQUES," all of which are hereby incorporated by reference

herein in their entireties.

Field

Embodiments of the present disclosure generally relate to the field of wireless

communication, and more particularly, to user equipment-initiated congestion reporting.

Background

The background description provided herein is for the purpose of generally

presenting the context of the disclosure. Unless otherwise indicated herein, the materials

described in this section are not prior art to the claims in this application and are not

admitted to be prior art by inclusion in this section.

When a disaster (e.g. earthquake, tsunami) occurs, a large amount of traffic and

signaling load may arrive at a network operator. This may result from people trying to

dial 9 11, call their relatives/friends, send messages/emails, or perform video calls, to

report their status and/or ask for help. The network operator may need to efficiently deal

with such traffic bursts by recognizing the traffic associated with the emergent situation

and providing necessary services to support the public in general. Similar problems may

also exist for very large social events (e.g. sport match, new-year event), for which a great

amount of traffic can be generated in an abbreviated period of time.

Brief Description of the Drawings

Embodiments will be readily understood by the following detailed description

in conjunction with the accompanying drawings. To facilitate this description, like

reference numerals designate like structural elements. Embodiments are illustrated by

way of example and not by way of limitation in the figures of the accompanying drawings.

Figure 1 schematically illustrates a wireless communication environment in

accordance with various embodiments of the present disclosure.



Figure 2 is a flowchart illustrating user equipment (UE)-initiated congestion

reporting in accordance with various embodiments of the present disclosure.

Figure 3 is a sample evolved node B (eNB) reporting-support transmission.

Figure 4 is a block diagram of an example computing device that may be used

to practice various embodiments described herein.

Detailed Description

In the following detailed description, reference is made to the accompanying

drawings, which form a part hereof wherein like numerals designate like parts throughout,

and in which is shown by way of illustration embodiments that may be practiced. It is to

be understood that other embodiments may be utilized and structural or logical changes

may be made without departing from the scope of the present disclosure.

Various operations may be described as multiple discrete actions or operations in

turn, in a manner that is most helpful in understanding the claimed subject matter.

However, the order of description should not be construed as to imply that these

operations are necessarily order dependent. In particular, these operations may not be

performed in the order of presentation. Operations described may be performed in a

different order than the described embodiment. Various additional operations may be

performed and/or described operations may be omitted in additional embodiments.

For the purposes of the present disclosure, the phrase "A and/or B" means (A),

(B), or (A and B). For the purposes of the present disclosure, the phrase "A, B, and/or C"

means (A), (B), (C), (A and B), (A and C), (B and C), or (A, B, and C). The description

may use the phrases "in an embodiment," or "in embodiments," which may each refer to

one or more of the same or different embodiments. Furthermore, the terms "comprising,"

"including," "having," and the like, as used with respect to embodiments of the present

disclosure, are synonymous.

As used herein, the term "circuitry" may refer to, be part of, or include

an Application Specific Integrated Circuit (ASIC), an electronic circuit, a processor

(shared, dedicated, or group), and/or memory (shared, dedicated, or group) that execute

one or more software or firmware programs, a combinational logic circuit, and/or other

suitable hardware components that provide the described functionality.

As discussed above, in abnormal circumstances, such as when a disaster occurs or

during a very large social event, a large amount of traffic and signaling load may be

generated on cellular networks within proximity of the abnormal circumstances. This



large amount of traffic may cause the cellular networks to be overloaded, or congested. In

such a situation it may be desirable for the cellular networks to respond to the congestion

by restricting access attempts from lower priority UEs, that may be non-essential to ensure

essential communications (e.g., emergency 9 11 calls, calls from emergency services, etc.)

may be maintained for higher priority UEs. However, in order to accomplish this, the

access node may need to know of the congestion in order to be able to respond

appropriately.

To acquire information concerning the congestion, the access node (e.g., an

evolved node b (eNB)) may request congestion information from the user equipments

(UEs) within operational proximity of the access node in order to determine a congestion

level of the network. Thus, to acquire congestion information the access node may need to

initiate the reporting of congestion information. However, such access node initiated

reporting of congestion information may not be very efficient. The access node has little

or no information on which UE, of the UEs within operation proximity of the access node,

may be experiencing congestion and therefore may need to send the request for congestion

information to all UEs connected therewith. The access node also has little or no

information on when a UE, of the UEs connected therewith, may experience congestion

and therefore needs to send the request for congestion information to the UEs connected

therewith periodically. Finally, the access node has no way of defining a trigger, or event,

and therefore all UEs report congestion information regardless of whether or not the UE

actually experiences any congestion. All of the traffic between the access node and the

UEs connected therewith may needlessly utilize resources of the cellular network. As

used herein, operational proximity may include a proximity around an access node in

which UEs within the proximity may utilize the access node in accessing the cellular

network.

In the 3rd Generation Partnership Project (3GPP), the Access Class Barring

(ACB) mechanism may be utilized by the access node to allow the access node to control

access attempts from UEs over a random access channel (RACH). Access Classes (AC)

are defined ranging from 0 to 15, where 0 to 9 are allocated randomly to lower priority

UEs, and stored in the subscriber identity module/universal subscriber identity module

(SIM/USIM) of the individual UEs. AC 10 is reserved for enhanced-91 1 (E-91 1) calls. In

addition to AC 0 to 9 for lower priority UEs and AC 10 for E-91 1 calls, some UEs may be

associated with one or more out of 5 special ACs that may be assigned to certain higher



priority UEs. These special ACs include: AC 11 - for public land mobile network

(PLMN) use (e.g., network administrative devices); AC 12 - for security services (e.g.,

police); AC 13 - for public utilities (e.g., water, gas, etc.); AC 14 - for emergency services

(e.g., fire, emergency medical technicians (EMTs), etc.); and AC 15 - for PLMN Staff.

Through the broadcast of AC barring parameters, an access node may control the

access of UEs to the cellular network. For lower priority UEs, those with AC 0 to 9,

access may be controlled by parameters ac-BarringF actor and ac-BarringTime. For such

UEs ac-BarringFactor is the probability that a UE passes the "persistent" test. The

persistent test is passed if a random number generated by the UE is lower than the

ac-BarringFactor. Otherwise the access is barred, and the ac-BarringTime indicates how

long the UE will be barred in seconds. For UEs with AC 10, access may be controlled by

ac-BarringForEmergency, which may be a boolean value to indicate barring or not. For

UEs with AC 11- 15, access is controlled by ac-BarringForSpecialAC, which is a boolean

vector (of size 5) to indicate barring or not for each of ACs 11-15. However, it may be

difficult to configure the optimal value of ac-BarringFactor because the access node may

not have enough information to determine the network congestion level on RACH.

A more efficient manner of responding to cellular network congestion and/or

configuring of ac-BarringFactor, however, may be to configure the access node and the

UE's within operational proximity thereof, to support UE-initiated reporting of congestion

information. This may enable a UE that experiences one or more pre-defined, or

configured, congestion events to automatically report congestion information to the access

node, once the UE successfully establishes a connection with the access node. This

reporting may be accomplished without the need for the access node to request such

congestion information. The access node may then analyze the congestion information to

enable the access node to manage access attempts from the UEs within operation

proximity thereof.

Figure 1 schematically illustrates a wireless communication environment 100

in accordance with various embodiments. The environment 100 may include a user

equipment (UE) 108 in wireless communication with an access node such as evolved node

B (eNB) 104. The eNB 104 may be part of a 3rd Generation Partnership Project

(3GPP) long-term evolution (LTE) network (or an LTE-Advanced (LTE-A) network). In

particular, the eNB 104 may be part of a radio access network (RAN) of the LTE /LTE-A

network, such as an evolved universal terrestrial radio access network (E-UTRAN). The



E-UTRAN may be coupled with a core network such as an Evolved Packet Core (EPC)

that performs various management and control functions of the LTE/LTE-A network and

further provides a communication interface between various RANs and other networks.

eNB 104 may include transceiver circuitry 120 with which to receive uplink

transmissions from UE 108 via one or more antennas 130 and transmit downlink

transmissions to UE 108 via the one or more antennas 130. eNB 104 may also include

logic circuitry 128 coupled with transceiver circuitry 120. In embodiments logic circuitry

128 may be configured to decode and encode information transmitted in signals

communicated between UE 108 and eNB 104. Logic circuitry 128 may further be

configured by UE-initiated congestion reporting circuitry 132 to perform any portion of

the processes for UE-initiated congestion reporting described below.

UE 108 may include transceiver circuitry 144, logic circuitry 152, and one or

more antennas 156. Transceiver circuitry 144 may be coupled with the one or more

antennas 156 to receive downlink transmission from eNB 104 and transmit uplink

transmissions to eNB 104. Logic circuitry 152 may be coupled to transceiver circuitry

144, and may be configured to decode and encode information transmitted in signals

communicated between the UE 108 and the eNB 104. Logic circuitry 152 may further be

configured by UE-initiated congestion reporting circuitry 160 to perform any portion of

the processes for UE-initiated congestion reporting described below.

Figure 2 is a flowchart illustrating user equipment (UE)-initiated congestion

reporting in accordance with various embodiments of the present disclosure. As depicted,

the flowchart may begin where evolved node B (eNB) 104 may send a reporting-support

transmission 206 to user equipment 108. In some embodiments, reporting-support

transmission 206 may be transmitted by eNB 104 as part of a broadcast control message,

such as the system information block 2 (SIB2) transmission 300 described below in

reference to figure 3 . In other embodiments, reporting-support transmission may be

transmitted by eNB 104 in a radio resource control (RRC) message. It will be appreciated

that the above mentioned mechanisms for transmitting reporting-support transmission are

meant to be illustrative of possible transmission mechanisms and are not meant to be

limiting of the present disclosure. Any suitable mechanism of transmitting the reporting-

support transmission is contemplated.

In some embodiments, reporting-support transmission 206 may merely include a

Boolean reporting parameter to indicate whether or not eNB 104 supports UE-initiated



reporting of congestion information. In other embodiments, reporting-support

transmission 206 may include one or more additional parameters that define one or more

congestion events. These congestion events may be events that are indicative of a

threshold level of congestion in a cellular network. In embodiments, the one or more

congestion events may include a threshold number of unsuccessful connection attempts or

a threshold duration of unsuccessful connection attempts. In some embodiments, the one

or more additional parameters may define congestion events that vary based on an access

class to which a UE may belong. For example, if UE 108 is assigned to one of ACs 0-9,

the threshold for network congestion may be higher (e.g., as depicted by the higher

attempt number for ACs 0-9 in Table 2 below) than if UE 108 is assigned to one of the

special classes, ACs 11-15. In still other embodiments, the reporting-support transmission

may include a congestion information format to indicate to UE 108 how to format

congestion information that is sent to eNB 104.

In response to receiving the reporting-support transmission, at block 208 UE 108

may begin monitoring random access channel (RACH) transmissions for congestion

information. These RACH transmissions may be sent as part of a random access

procedure for RRC connection establishment. Access class barring, discussed elsewhere

herein, is a concept of RRC connection establishment. In embodiments where reporting-

support transmission 206 does not include a definition of congestion events, UE 108 may,

in some embodiments, be configured to transmit congestion information 210 upon every

successful connection established with eNB 104. In other embodiments, UE 108 may be

preconfigured with one or more congestion events and may be configured to only report

congestion information 210 upon the occurrence of one of these one or more congestion

events. In still other embodiments, as discussed above, reporting-support transmission

206 may include one or more additional parameters that may define the one or more

congestion events to be utilized by UE 108. In such embodiments, UE 108 may be

configured to only report congestion information 210 upon the occurrence of one of the

one or more congestion events defined by the one or more additional parameters of

reporting-support transmission 206.

As mentioned above, the one or more congestion events may include any events

that may be indicative of a threshold level of congestion in a cellular network. For

example, in some embodiments, the one or more congestion events may include a

threshold number of unsuccessful attempts to connect with eNB 104 after which UE 108 is



to report congestion information 210 once a successful connection is established with

eNB 104. In some embodiments, the one or more congestion events may include a

threshold duration of unsuccessful attempts to connect with the eNB 104 after which

UE 108 is to report congestion information 210 once a successful connection is established

with eNB 104.

In embodiments, the UE 108 may initiate reporting of congestion information 210

upon successfully establishing a connection with eNB 104. Congestion information 210

may include a Boolean indicator indicative of whether one of the one or more congestion

events was detected by UE 108. Congestion information 210 may, in some embodiments,

include an AC identifier that identifies an AC to which UE 108 belongs. In some

embodiments, congestion information 210 may include a numerical indicator indicating a

number of consecutive unsuccessful attempts by the respective UE to connect with the

eNB and/or or a time indicator indicating a duration of consecutive unsuccessful

attempts by the respective UE to connect with the eNB. It will be appreciated that the

above discussed contents of congestion information 210 are meant to be illustrative of

possible content and are not meant to be limiting of the present disclosure. Any

congestion information that may convey a level of network congestion to eNB 104 is

contemplated.

In embodiments, congestion information 210 may be transmitted to eNB 104 as a

reserved bit of a medium access control (MAC) header configured to indicate whether or

not a congestion event was detected. In other embodiments congestion information 210

may be transmitted to eNB 104 as part of a MAC control element. In such embodiments,

the MAC control element may be identified by a logical channel identifier (LCID). It will

be appreciated that the above mentioned mechanisms for transmitting congestion

information 210 are meant to be illustrative of possible transmission mechanisms and are

not meant to be limiting of the present disclosure. Any suitable mechanism of transmitting

the congestion information 210 to eNB 104 is contemplated.

After receiving congestion information 210, eNB 104 may utilize congestion

information 210 in managing access requests received from UE 108, as well as any other

UEs that may submit access requests to eNB 104. In some embodiments, this may involve

dynamically adjusting the AC barring parameters (e.g., ac-BarringF actor) based on

congestion information 210, as well as any congestion information received from other

UEs, to control access requests received by eNB 104. For example, if eNB 104 receives



congestion information from a UE associated with AC 10, eNB 104 may prioritize E-91 1

calls by reducing the value of ac-BarringF actor for UEs with an AC of 0-9. In

embodiments, the dynamically adjusted AC barring parameters may then be sent to UE

108, as well as any other UE's within operational proximity of eNB 104.

In some embodiments, reporting-support transmission 206, discussed above, may

include a vector indicating ac-BarringCategories associated with possible AC values, such

as those depicted in table 1, below. In such embodiments, the ac-BarringCategory may

determine an order of priority with respect to dynamically adjusting the AC barring

parameters. As depicted in table 1, ACs 0-9 are associated with the lowest priority of 0,

while AC 10 is a higher priority of 1, and ACs 11-15 are yet a higher priority of 2 .

Table 1: Example AC-BarringCategories

While depicted in Figure 2 as an interaction between an eNB and a single UE, it

will be appreciated that any number of UEs within operational proximity to eNB 104 may

follow the process flow described herein.

Figure 3 is a sample evolved node B (eNB) reporting-support transmission 300.

Such a transmission may be transmitted as part of a system information block 2 (SIB2)

transmission, as depicted, or as part of a radio resource control (R C) transmission. The

reporting support transmission 300 may include one or more parameters, such as

parameters 302-308. As depicted, parameter 302 may be labeled ac-BarringFeedback, and

may be a Boolean value indicating support of the eNB for UE-initiated congestion

reporting and/or support for dynamic adjustment of an ac-BarringF actor.

Parameter 304 may be labeled ac-BarringCategories which may be a vector of

integers of size 16, one for each possible AC, defining the ac-BarringCategories. In such a

data structure, the location of a value in the vector may correlate that value with an AC.

For example, table 1, above, may be expressed in a vector representation as (0, 0, 0, 0, 0,

0, 0, 0, 0, 0, 1, 2, 2, 2, 2, 2) where each location of the vector may correspond with an AC.



As discussed above, the ac-BarringCategory may define an order of priority with respect

to dynamically adjusting the AC barring parameters for each AC 0-15.

Parameter 306 may be labeled ra-AttemptNumber which may be a vector of

integers of size 16, one for each possible AC. The ra-AttemptNumber may define a

number of attempts a UE may need to make before a congestion event occurs. As with ac-

BarringCategories above, in such a data structure, the location of a value in the vector may

correlate that value with an AC. To save resources, a pre-defined table, such as Table 2,

below, may be used as a static mapping between AC values and ra-AttemptNumber or ra-

AttemptTime, ra-AttemptTime is discussed further below.

Table 2 : an example of a pre-defined table to indicate AttemptNumber

Parameter 308 may be labeled ra-AttemptTime which may be a vector of

enumerated values of size 16, one for each possible AC. The ra-AttemptTime may define

a duration of consecutive unsuccessful connection attempts a UE may need to make before

a congestion event occurs. As with ac-BarringCategories and ra-AttemptNumber above,

in such a data structure, the location of a value in the vector may correlate that value with

an AC.

The UE 108 as described herein may be implemented into a system using any

suitable hardware, firmware, and/or software configured as desired. Figure 4 illustrates,

for one embodiment, an example system 400 comprising radio frequency (RF) circuitry

404, baseband circuitry 408, application circuitry 412, memory/storage 416, display 420,

camera 424, sensor 428, and input/output (I/O) interface 432, coupled with each other at

least as shown.



The application circuitry 412 may include circuitry such as, but not limited to, one

or more single-core or multi-core processors. The processor(s) may include any

combination of general-purpose processors and dedicated processors (e.g., graphics

processors, application processors, etc.). The processors may be coupled with

memory/storage 416 and configured to execute instructions stored in the memory/storage

416 to enable various applications and/or operating systems running on the system 400.

The baseband circuitry 408 may include circuitry such as, but not limited to, one

or more single-core or multi-core processors. The processor(s) may include a baseband

processor. The baseband circuitry 408 may handle various radio control functions that

enable communication with one or more radio networks via the RF circuitry 404. The

radio control functions may include, but are not limited to, signal modulation, encoding,

decoding, radio frequency shifting, etc. In some embodiments, the baseband circuitry 408

may provide for communication compatible with one or more radio technologies. For

example, in some embodiments, the baseband circuitry 408 may support communication

with an E-UTRAN and/or other wireless metropolitan area networks (WMAN), a wireless

local area network (WLAN), or a wireless personal area network (WPAN). Embodiments

in which the baseband circuitry 408 is configured to support radio communications of

more than one wireless protocol may be referred to as multi-mode baseband circuitry.

In various embodiments, baseband circuitry 408 may include circuitry to operate

with signals that are not strictly considered as being in a baseband frequency. For

example, in some embodiments, baseband circuitry 408 may include circuitry to operate

with signals having an intermediate frequency, which is between a baseband frequency

and a radio frequency.

In some embodiments, the transceiver circuitry 112 and/or the UE-initiated

congestion reporting circuitry 160 may be embodied in the application circuitry 412 and/or

the baseband circuitry 408.

RF circuitry 404 may enable communication with wireless networks using

modulated electromagnetic radiation through a non-solid medium. In various

embodiments, the RF circuitry 404 may include switches, filters, amplifiers, etc., to

facilitate the communication with the wireless network.

In various embodiments, RF circuitry 404 may include circuitry to operate with

signals that are not strictly considered as being in a radio frequency. For example, in some



embodiments, RF circuitry 404 may include circuitry to operate with signals having an

intermediate frequency, which is between a baseband frequency and a radio frequency.

In some embodiments, the wireless transceiver 144 may be embodied in the RF

circuitry 404.

In some embodiments, some or all of the constituent components of the baseband

circuitry 408, the application circuitry 412, and/or the memory/storage 416 may be

implemented together on a system on a chip (SOC).

Memory/storage 416 may be used to load and store data and/or instructions, for

example UE-initiated reporting instructions 410 which may be configured to cause system

400 to carry out any portion of the UE-initiated congestion reporting process discussed

herein. Memory/storage 416 for one embodiment may include any combination of

suitable volatile memory (e.g., dynamic random access memory (DRAM)) and/or non

volatile memory (e.g., Flash memory).

In various embodiments, the I/O interface 432 may include one or more user

interfaces designed to enable user interaction with the system 400 and/or peripheral

component interfaces designed to enable peripheral component interaction with the system

400. User interfaces may include, but are not limited to, a physical keyboard or keypad, a

touchpad, a speaker, a microphone, etc. Peripheral component interfaces may include, but

are not limited to, a non-volatile memory port, a universal serial bus (USB) port, an audio

jack, and a power supply interface.

In various embodiments, sensor 428 may include one or more sensing devices

to determine environmental conditions and/or location information related to the system

400. In some embodiments, the sensors may include, but are not limited to, a gyro sensor,

an accelerometer, a proximity sensor, an ambient light sensor, and a positioning unit. The

positioning unit may also be part of, or interact with, the baseband circuitry 408 and/or RF

circuitry 404 to communicate with components of a positioning network, e.g., a global

positioning system (GPS) satellite.

In various embodiments, the display 420 may include a display (e.g., a liquid

crystal display, a touch screen display, etc.).

In various embodiments, the system 400 may be a mobile computing device

such as, but not limited to, a laptop computing device, a tablet computing device, a

netbook, an ultrabook, a smartphone, etc. In various embodiments, system 400 may have

more or fewer components, and/or different architectures.



EXAMPLES

The following paragraphs describe examples of various embodiments.

Example 1 may include a user equipment (UE) comprising: transceiver circuitry

to send a random access channel (RACH) transmission to an evolved node B (eNB) in an

attempt to connect with the eNB; and logic circuitry coupled with the transceiver circuitry,

the logic circuitry to: monitor RACH transmissions from the UE to the eNB to detect one

or more congestion events associated with attempts by the UE to connect with the eNB;

and initiate, in response to detection of at least one of the one or more congestion events,

reporting of congestion information to the eNB via the transceiver circuitry upon a

successful connection with the eNB.

Example 2 may include the subject matter of Example 1, wherein the transceiver

circuitry is further to receive, from the eNB, a reporting-support transmission including a

reporting parameter that indicates the eNB supports UE-initiated reporting of congestion

information, and wherein the logic circuitry is to initiate reporting of the congestion

information only upon receipt of the reporting parameter.

Example 3 may include the subject matter of Example 2, wherein the reporting-

support transmission further includes one or more additional parameters that define the

one or more congestion events.

Example 4 may include the subject matter of Example 3, wherein the one or more

congestion events include a threshold number of unsuccessful connection attempts by the

UE or a threshold duration of unsuccessful connection attempts by the UE.

Example 5 may include the subject matter of Example 4, wherein the reporting-

support transmission is received as part of: a broadcast control message transmitted by the

eNB; or a radio resource control (RRC) message transmitted by the eNB.

Example 6 may include the subject matter of any one of Examples 2-5, wherein

the congestion information includes one or more of: a boolean indicator that at least one of

the one or more congestion events was detected; an access class identifier that identifies an

access class to which the UE belongs; a numerical indicator indicating a number of

consecutive unsuccessful attempts to connect with the eNB; or a time indicator indicating

a duration of consecutive unsuccessful attempts to connect with the eNB.

Example 7 may include the subject matter of Example 6, wherein the transceiver

circuitry is further to report the congestion information via an uplink transmission

including: a medium access control (MAC) header that includes the congestion



information; or a MAC control element that includes the congestion information, wherein

the MAC control element is indicated by a logical channel identifier (LCID).

Example 8 may include the subject matter of Example 6, wherein the transceiver

circuitry is further to report the congestion information via a dedicated R C message.

Example 9 is an evolved node B (eNB) comprising: transceiver circuitry to: send

a reporting-support transmission to a plurality of user equipments (UEs), wherein the

reporting-support transmission includes a reporting parameter that indicates that the eNB

supports UE-initiated reporting of congestion information; and receive, from each of one

or more UEs of the plurality of UEs, congestion information, wherein the congestion

information is indicative of an occurrence of one or more congestion events at the one or

more UEs; and logic circuitry coupled with the transceiver circuitry, the logic circuitry

configured to manage random access requests received from the plurality of UEs based on

the congestion information received from the one or more UEs.

Example 10 may include the subject matter of Example 9, wherein the reporting-

support transmission further includes one or more additional parameters that define the

one or more congestion events.

Example 11 may include the subject matter of Example 10, wherein the one or

more congestion events include: a threshold number of unsuccessful attempts to connect

with the eNB; or a threshold duration of unsuccessful attempts to connect with the eNB.

Example 1 may include the subject matter of Example 11, wherein the

reporting-support transmission is sent as part of a : broadcast control message transmitted

by the eNB; or a radio resource control (RRC) message transmitted by the eNB.

Example 13 may include the subject matter of any one of Examples 9-12,

wherein the congestion information includes one or more of: a boolean indicator that at

least one of the one or more congestion events was detected; an access class identifier that

identifies an access class to which the respective UE belongs; a numerical indicator

indicating a number of consecutive unsuccessful attempts to connect with the eNB; or a

time indicator indicating a duration of consecutive unsuccessful attempts to connect with

the eNB.

Example 14 may include the subject matter of Example 13, wherein the

transceiver circuitry is further to receive the congestion information via an uplink

transmission including: a medium access control (MAC) header that includes the



congestion information; or a MAC control element that includes the congestion

information, wherein the MAC control element is indicated by a logical channel identifier

(LCID).

Example 15 may include the subject matter of Example 13, wherein the

transceiver circuitry is further to receive the congestion information via a dedicated RRC

message from each of the one or more UEs.

Example 16 may include the subject matter of Example 9, wherein each UE of the

plurality of UEs is associated with an access class, and wherein to manage random access

requests is to dynamically adjust access class barring parameters to control access requests

from an individual UE of the plurality of UEs based on the access class to which the

individual UE is associated.

Example 1 may include a method of UE-initiated congestion reporting

comprising: sending, by an eNB, a reporting-support transmission to a plurality of

user equipments (UEs), wherein the reporting-support transmission includes a

reporting parameter that indicates that the eNB supports UE-initiated reporting

of congestion information; and receiving, by the eNB, from each of one or more UEs of

the plurality of UEs, congestion information, wherein the congestion information is

indicative of an occurrence of one or more congestion events at the one or more UEs; and

managing, by the eNB, random access requests received from the plurality of UEs based

on the congestion information received from the one or more UEs.

Example 18 may include the subject matter of Example 17, wherein the

reporting-support transmission further includes one or more additional parameters that

define the one or more congestion events.

Example 19 may include the subject matter of Example 18, wherein the one or

more congestion events include: a threshold number of unsuccessful attempts to connect

with the eNB; or a threshold duration of unsuccessful attempts to connect with the eNB.

Example 20 may include the subject matter of Example 19, wherein the

reporting-support transmission is sent as part of a : broadcast control message transmitted

by the eNB; or a radio resource control (RRC) message transmitted by the eNB.

Example 1 may include the subject matter of any one of Examples 17-20,

wherein the congestion information includes one or more of: a boolean indicator that at

least one of the one or more congestion events was detected; an access class identifier that

identifies an access class to which the respective UE belongs; a numerical indicator



indicating a number of consecutive unsuccessful attempts by the respective UE to connect

with the eNB; or a time indicator indicating a duration of consecutive unsuccessful

attempts by the respective UE to connect with the eNB.

Example 22 may include the subject matter of Example 21, wherein receiving the

congestion information further comprises: receiving the congestion information via an

uplink transmission including: a medium access control (MAC) header that includes the

congestion information; or a MAC control element that includes the congestion

information, wherein the MAC control element is indicated by a logical channel identifier

(LCID).

Example 23 may include the subject matter of Example 21, wherein receiving the

congestion information further comprises: receiving the congestion information via a

dedicated R C message from each of the one or more UEs.

Example 24 may include one or more computer-readable non-transitory media,

having instructions stored thereon, the instructions, in response to execution by an eNB, to

cause the eNB to: send a reporting-support transmission to a plurality of user equipments

(UEs), wherein the reporting-support transmission includes a reporting parameter that

indicates that the eNB supports UE-initiated reporting of congestion information; and

receive from each of one or more UEs of the plurality of UEs, congestion information,

wherein the congestion information is indicative of an occurrence of one or more

congestion events at the one or more UEs; and manage random access requests received

from the plurality of UEs based on the congestion information received from the one or

more UEs.

Example 25 may include the subject matter of Example 24, wherein the

reporting-support transmission further includes one or more additional parameters that

define the one or more congestion events.

Example 26 may include the subject matter of Example 25, wherein the one or

more congestion events include: a threshold number of unsuccessful attempts to connect

with the eNB; or a threshold duration of unsuccessful attempts to connect with the eNB.

Example 27 may include the subject matter of Example 26, wherein the

reporting-support transmission is sent as part of a : broadcast control message transmitted

by the eNB; or a radio resource control (RRC) message transmitted by the eNB.

Example 28 may include the subject matter of any one of Examples 24-28,

wherein the congestion information includes one or more of: a boolean indicator that at



least one of the one or more congestion events was detected;an access class identifier that

identifies an access class to which the respective UE belongs; a numerical indicator

indicating a number of consecutive unsuccessful attempts by the respective UE to connect

with the eNB; or a time indicator indicating a duration of consecutive unsuccessful

attempts by the respective UE to connect with the eNB.

Example 29 may include the subject matter of Example 28, wherein receiving the

congestion information further comprises: receiving the congestion information via an

uplink transmission including: a medium access control (MAC) header that includes the

congestion information; or a MAC control element that includes the congestion

information, wherein the MAC control element is indicated by a logical channel identifier

(LCID).

Example 30 may include the subject matter of Example 28, wherein receiving the

congestion information further comprises: receiving the congestion information via a

dedicated R C message from each of the one or more UEs.

Example 31 may include a method of UE-initiated congestion reporting

comprising: sending, by a UE, a random access channel (RACH) transmission to

an evolved node B (eNB) in an attempt to connect with the eNB; and monitoring, by the

UE, RACH transmissions from the UE to the eNB to detect one or more congestion events

associated with attempts by the UE to connect with the eNB; and initiating, by the UE, in

response to detection of at least one of the one or more congestion events, reporting of

congestion information to the eNB upon a successful connection with the eNB.

Example 32 may include the subject matter of Example 31, further comprising

receiving, by the UE, from the eNB, a reporting-support transmission including a reporting

parameter indicating that the eNB supports UE-initiated reporting of congestion

information, and wherein initiating reporting of the congestion information is performed

only upon receiving of the reporting parameter.

Example 33 may include the subject matter of Example 32, wherein the

reporting-support transmission further includes one or more additional parameters that

define the one or more congestion events.

Example 34 may include the subject matter of Example 33, wherein the one or

more congestion events include a threshold number of unsuccessful connection attempts

by the UE or a threshold duration of unsuccessful connection attempts by the UE.



Example 35 may include the subject matter of Example 34, wherein receiving the

reporting-support transmission further comprises receiving the reporting-support

transmission as part of: a broadcast control message transmitted by the eNB; or a radio

resource control (R C) message transmitted by the eNB.

Example 36 may include the subject matter of any one of Examples 32-35,

wherein the congestion information includes one or more of: a boolean indicator that at

least one of the one or more congestion events was detected; an access class identifier that

identifies an access class to which the UE belongs; a numerical indicator indicating a

number of consecutive unsuccessful attempts to connect with the eNB; or a time indicator

indicating a duration of consecutive unsuccessful attempts to connect with the eNB.

Example 37 may include the subject matter of Example 36, further comprising

reporting the congestion information via an uplink transmission including: a medium

access control (MAC) header that includes the congestion information; or a MAC control

element that includes the congestion information, wherein the MAC control element is

indicated by a logical channel identifier (LCID).

Example 38 may include the subject matter of Example 36, further comprising:

reporting the congestion information via a dedicated RRC message.

Example 39 may include one or more computer-readable non-transitory media,

having instructions stored thereon, the instructions, in response to execution by an user

equipment (UE), to cause the UE to: send a random access channel (RACH) transmission

to an evolved node B (eNB) in an attempt to connect with the eNB; and monitor RACH

transmissions from the UE to the eNB to detect one or more congestion events associated

with attempts by the UE to connect with the eNB; and initiate in response to detection of

at least one of the one or more congestion events, reporting of congestion information to

the eNB upon a successful connection with the eNB.

Example 40 may include the subject matter of Example 39, wherein the

instructions, in response to execution by the UE, further cause the UE to: receive, from

the eNB, a reporting-support transmission including a reporting parameter indicating that

the eNB supports UE-initiated reporting of congestion information, and wherein to initiate

reporting of the congestion information is performed only upon receipt of the reporting

parameter.



Example 4 1 may include the subject matter of Example 40, wherein the

reporting-support transmission further includes one or more additional parameters that

define the one or more congestion events.

Example 42 may include the subject matter of Example 41, wherein the one or

more congestion events include a threshold number of unsuccessful connection attempts

by the UE or a threshold duration of unsuccessful connection attempts by the UE.

Example 43 may include the subject matter of Example 42, wherein to receive

the reporting-support transmission is to receive the reporting-support transmission as

part of: a broadcast control message transmitted by the eNB; or a radio resource control

(R C) message transmitted by the eNB.

Example 44 may include the subject matter of any one Examples 40-43, wherein

the congestion information includes one or more of: a boolean indicator that at least one of

the one or more congestion events was detected; an access class identifier that identifies an

access class to which the UE belongs; a numerical indicator indicating a number of

consecutive unsuccessful attempts to connect with the eNB; or a time indicator indicating

a duration of consecutive unsuccessful attempts to connect with the eNB.

Example 45 may include the subject matter of Example 44, wherein the

instruction, in response to execution by the UE, further cause the UE to: report

the congestion information via an uplink transmission including: a medium access control

(MAC) header that includes the congestion information; or a MAC control element that

includes the congestion information, wherein the MAC control element is indicated by a

logical channel identifier (LCID).

Example 46 may include the subject matter of Example 44, wherein the

instruction, in response to execution by the UE, further cause the UE to: report

the congestion information via a dedicated RRC message.

The description herein of illustrated implementations, including what is described

in the Abstract, is not intended to be exhaustive or to limit the present disclosure to the

precise forms disclosed. While specific implementations and examples are described

herein for illustrative purposes, various equivalent modifications are possible within the

scope of the disclosure, as those skilled in the relevant art will recognize. These

modifications may be made to the disclosure in light of the above detailed description.



CLAIMS

What is claimed is:

1. A user equipment (UE) comprising:

transceiver circuitry to send a random access channel (RACH) transmission to

an evolved node B (eNB) in an attempt to connect with the eNB; and

logic circuitry coupled with the transceiver circuitry, the logic circuitry to:

monitor RACH transmissions from the UE to the eNB to detect one or more

congestion events associated with attempts by the UE to connect with the eNB; and

initiate, in response to detection of at least one of the one or more congestion

events, reporting of congestion information to the eNB via the transceiver circuitry upon a

successful connection with the eNB.

2 . The UE of claim 1, wherein the transceiver circuitry is further to receive,

from the eNB, a reporting-support transmission including a reporting parameter that

indicates the eNB supports UE-initiated reporting of congestion information, and wherein

the logic circuitry is to initiate reporting of the congestion information only upon receipt

of the reporting parameter.

3 . The UE of claim 2, wherein the reporting-support transmission further

includes one or more additional parameters that define the one or more congestion events.

4 . The UE of claim 3, wherein the one or more congestion events include a

threshold number of unsuccessful connection attempts by the UE or a threshold duration

of unsuccessful connection attempts by the UE.

5 . The UE of claim 4, wherein the reporting-support transmission is received

as part of:

a broadcast control message transmitted by the eNB; or

a radio resource control (R C) message transmitted by the eNB.

6 . The UE of any one of claims 2-5, wherein the congestion information

includes one or more of:

a boolean indicator that at least one of the one or more congestion events was

detected;

an access class identifier that identifies an access class to which the UE belongs;

a numerical indicator indicating a number of consecutive unsuccessful attempts to

connect with the eNB; or



a time indicator indicating a duration of consecutive unsuccessful attempts to

connect with the eNB.

7 . The UE of claim 6, wherein the transceiver circuitry is further to report

the congestion information via an uplink transmission including:

a medium access control (MAC) header that includes the congestion

information; or

a MAC control element that includes the congestion information, wherein

the MAC control element is indicated by a logical channel identifier (LCID).

8. The UE of claim 6, wherein the transceiver circuitry is further to report

the congestion information via a dedicated R C message.

9 . An evolved node B (eNB) comprising:

transceiver circuitry to:

send a reporting-support transmission to a plurality of user equipments (UEs),

wherein the reporting-support transmission includes a reporting parameter that indicates

that the eNB supports UE-initiated reporting of congestion information; and

receive, from each of one or more UEs of the plurality of UEs,

congestion information, wherein the congestion information is indicative of an occurrence

of one or more congestion events at the one or more UEs; and

logic circuitry coupled with the transceiver circuitry, the logic circuitry

configured to manage random access requests received from the plurality of UEs based on

the congestion information received from the one or more UEs.

10. The eNB of claim 9, wherein the reporting-support transmission further

includes one or more additional parameters that define the one or more congestion events.

11. The eNB of claim 10, wherein the one or more congestion events include:

a threshold number of unsuccessful attempts to connect with the eNB; or

a threshold duration of unsuccessful attempts to connect with the eNB.

12. The eNB of claim 11, wherein the reporting-support transmission is sent as

part of a :

broadcast control message transmitted by the eNB; or

a radio resource control (RRC) message transmitted by the eNB.

13. The eNB of any one of claims 9-12, wherein the congestion information

includes one or more of:



a boolean indicator that at least one of the one or more congestion events was

detected;

an access class identifier that identifies an access class to which the respective UE

belongs;

a numerical indicator indicating a number of consecutive unsuccessful attempts to

connect with the eNB; or

a time indicator indicating a duration of consecutive unsuccessful attempts to

connect with the eNB.

14. The eNB of claim 13, wherein the transceiver circuitry is further to receive

the congestion information via an uplink transmission including:

a medium access control (MAC) header that includes the congestion

information; or

a MAC control element that includes the congestion information, wherein

the MAC control element is indicated by a logical channel identifier (LCID).

15. The eNB of claim 13, wherein the transceiver circuitry is further to receive

the congestion information via a dedicated RRC message from each of the one or more

UEs.

16. The eNB of claim 9, wherein each UE of the plurality of UEs is associated

with an access class, and wherein to manage random access requests is to dynamically

adjust access class barring parameters to control access requests from an individual UE of

the plurality of UEs based on the access class to which the individual UE is associated.

17. A method of UE-initiated congestion reporting comprising:

sending, by an eNB, a reporting-support transmission to a plurality of

user equipments (UEs), wherein the reporting-support transmission includes a

reporting parameter that indicates that the eNB supports UE-initiated reporting

of congestion information; and

receiving, by the eNB, from each of one or more UEs of the plurality of UEs,

congestion information, wherein the congestion information is indicative of an occurrence

of one or more congestion events at the one or more UEs; and

managing, by the eNB, random access requests received from the plurality of UEs

based on the congestion information received from the one or more UEs.



18. The method of claim 17, wherein the reporting-support transmission

further includes one or more additional parameters that define the one or more congestion

events.

19. The method of claim 18, wherein the one or more congestion events

include:

a threshold number of unsuccessful attempts to connect with the eNB; or

a threshold duration of unsuccessful attempts to connect with the eNB.

20. The method of claim 19, wherein the reporting-support transmission is sent

as part of a :

broadcast control message transmitted by the eNB; or

a radio resource control (RRC) message transmitted by the eNB.

2 1. The method of any one of claims 17-20, wherein the congestion

information includes one or more of:

a boolean indicator that at least one of the one or more congestion events was

detected;

an access class identifier that identifies an access class to which the respective UE

belongs;

a numerical indicator indicating a number of consecutive unsuccessful attempts by

the respective UE to connect with the eNB; or

a time indicator indicating a duration of consecutive unsuccessful attempts by the

respective UE to connect with the eNB.

22. The method of claim 2 1, wherein receiving the congestion information

further comprises: receiving the congestion information via an uplink transmission

including:

a medium access control (MAC) header that includes the congestion

information; or

a MAC control element that includes the congestion information, wherein

the MAC control element is indicated by a logical channel identifier (LCID).

23 . The method of claim 21, wherein receiving the congestion information

further comprises: receiving the congestion information via a dedicated RRC message

from each of the one or more UEs.



24. One or more computer-readable non-transitory media, having instructions

stored thereon, the instructions, in response to execution by an eNB, to cause the eNB to:

send a reporting-support transmission to a plurality of user equipments (UEs),

wherein the reporting-support transmission includes a reporting parameter that indicates

that the eNB supports UE-initiated reporting of congestion information; and

receive from each of one or more UEs of the plurality of UEs,

congestion information, wherein the congestion information is indicative of an occurrence

of one or more congestion events at the one or more UEs; and

manage random access requests received from the plurality of UEs based on the

congestion information received from the one or more UEs.

25. The computer-readable media of claim 24, wherein the reporting-

support transmission further includes one or more additional parameters that define the

one or more congestion events, and wherein the one or more congestion events include: a

threshold number of unsuccessful attempts to connect with the eNB; or a threshold

duration of unsuccessful attempts to connect with the eNB, and wherein the reporting-

support transmission is sent as part of a : broadcast control message transmitted by the

eNB; or a radio resource control (R C) message transmitted by the eNB.
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