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MID-CALL QOS UPDATE HANDLING AT A UE

BACKGROUND

Field of the Disclosure

[0001] Aspects of the present disclosure relate generally to wireless

communications, and more particularly, to techniques and apparatus for mid-call quality

of service (QoS) update handling at a user equipment (UE).

Description of Related Art

[0002] Wireless communication systems are widely deployed to provide various

telecommunication services such as telephony, video, data, messaging, and broadcasts.

Typical wireless communication systems may employ multiple-access technologies

capable of supporting communication with multiple users by sharing available system

resources (e.g., bandwidth, transmit power). Examples of such multiple-access

technologies include code division multiple access (CDMA) systems, time division

multiple access (TDMA) systems, frequency division multiple access (FDMA) systems,

orthogonal frequency division multiple access (OFDMA) systems, single-carrier

frequency division multiple access (SC-FDMA) systems, and time division synchronous

code division multiple access (TD-SCDMA) systems.

[0003] These multiple access technologies have been adopted in various

telecommunication standards to provide a common protocol that enables different

wireless devices to communicate on a municipal, national, regional, and even global

level. An example of an emerging telecommunication standard is Long Term Evolution

(LTE). LTE is a set of enhancements to the Universal Mobile Telecommunications

System (UMTS) mobile standard promulgated by Third Generation Partnership Project

(3GPP). It is designed to better support mobile broadband Internet access by improving

spectral efficiency, lowering costs, improving services, making use of new spectrum,

and better integrating with other open standards using OFDMA on the downlink (DL),

SC-FDMA on the uplink (UL), and multiple-input multiple-output (MIMO) antenna

technology.

[0004] However, as the demand for mobile broadband access continues to increase,

there exists a need for further improvements in LTE technology. Preferably, these



improvements should be applicable to other multi-access technologies and the

telecommunication standards that employ these technologies.

SUMMARY

[0005] The systems, methods, and devices of the disclosure each have several

aspects, no single one of which is solely responsible for its desirable attributes. Without

limiting the scope of this disclosure as expressed by the claims which follow, some

features will now be discussed briefly. After considering this discussion, and

particularly after reading the section entitled "Detailed Description" one will understand

how the features of this disclosure provide advantages that include improved

communications between access points and stations in a wireless network.

[0006] Techniques and apparatus are provided herein for mid-call (e.g., voice over

long term evolution (VoLTE) or videotelephony over LTE (ViLTE) calls) quality of

service (QoS) update (e.g., maximum bit rate (MBR) update) handling at a user

equipment (UE).

[0007] Certain aspects of the present disclosure provide a method for wireless

communications by a UE. The method generally includes performing a call with

another UE over a packet based radio access technology (RAT) on one or more radio

bearers, each of the one or more radio bearers using a first bandwidth associated with a

first MBR value for the radio bearer, receiving a message from the network having an

indication of a second MBR value for each of the one or more radio bearers indicating a

second bandwidth for the call on the radio bearer, and starting a timer if the second

bandwidth is less than a minimum bandwidth to support the call and if a Session

Initiation Protocol (SIP) message for a possible supplementary service (for example,

call hold) has not been received.

[0008] Certain aspects of the present disclosure provide an apparatus for wireless

communications by a UE. The apparatus generally includes means for performing a call

with another UE over a packet based radio access technology (RAT) on one or more

radio bearers, each of the one or more radio bearers using a first bandwidth associated

with a first MBR value for the radio bearer, means for receiving a message from the

network having an indication of a second MBR value for each of the one or more radio

bearers indicating a second bandwidth for the call on the radio bearer, and means for



starting a timer if the second bandwidth is less than a minimum bandwidth to support

the call and if a SIP message for a possible supplementary service (for example, call

hold) has not been received.

[0009] Certain aspects of the present disclosure provide an apparatus for wireless

communications. The apparatus generally includes at least one processor configured to:

perform a call with another UE over a packet based radio access technology (RAT) on

one or more radio bearers, each of the one or more radio bearers using a first bandwidth

associated with a first MBR value for the radio bearer, receive a message from the

network having an indication of a second MBR value for each of the one or more radio

bearers indicating a second bandwidth for the call on the radio bearer, and start a timer

if the second bandwidth is less than a minimum bandwidth to support the call and if a

SIP message for a possible supplementary service (for example, call hold) has not been

received. The apparatus generally also includes a memory coupled with the at least one

processor.

[0010] Certain aspects of the present disclosure provide a computer readable

medium for wireless communications. The computer readable medium generally

includes instructions stored thereon for performing a call with another UE over a packet

based radio access technology (RAT) on one or more radio bearers, each of the one or

more radio bearers using a first bandwidth associated with a first MBR value for the

radio bearer, receiving a message from the network having an indication of a second

MBR value for each of the one or more radio bearers indicating a second bandwidth for

the call on the radio bearer, and starting a timer if the second bandwidth is less than a

minimum bandwidth to support the call and if a SIP message for a possible

supplementary service (for example, call hold) has not been received.

[0011] To the accomplishment of the foregoing and related ends, the one or more

aspects comprise the features hereinafter fully described and particularly pointed out in

the claims. The following description and the annexed drawings set forth in detail

certain illustrative features of the one or more aspects. These features are indicative,

however, of but a few of the various ways in which the principles of various aspects

may be employed, and this description is intended to include all such aspects and their

equivalents.



BRIEF DESCRIPTION OF THE DRAWINGS

[0012] So that the manner in which the above-recited features of the present

disclosure can be understood in detail, a more particular description, briefly summarized

above, may be had by reference to aspects, some of which are illustrated in the

appended drawings. It is to be noted, however, that the appended drawings illustrate

only certain typical aspects of this disclosure and are therefore not to be considered

limiting of its scope, for the description may admit to other equally effective aspects.

[0013] FIG. 1 illustrates an example wireless communication system, in accordance

with certain aspects of the present disclosure.

[0014] FIG. 2 illustrates a block diagram of an access point and a user terminal, in

accordance with certain aspects of the present disclosure.

[0015] FIG. 3 illustrates a block diagram of an example wireless device, in

accordance with certain aspects of the present disclosure.

[0016] FIG. 4 is an example call flow illustrating Session Initiation Protocol (SIP)

message collision during a packet based call.

[0017] FIG. 5 is an example call flow illustrating SIP message collision during a

packet based call.

[0018] FIGs.6-9illustrate example call flows for handling a mid-call maximum bit

rate (MBR) update, in accordance with certain aspects of the present disclosure.

[0019] FIG. 10 illustrates example operations for wireless communications by a

user equipment (UE), in accordance with certain aspects of the present disclosure.

[0020] FIG. 10A illustrates example means capable of performing the operations

shown in FIG. 10, in accordance with certain aspects of the present disclosure.

[0021] To facilitate understanding, identical reference numerals have been used,

where possible, to designate identical elements that are common to the figures. It is

contemplated that elements disclosed in one embodiment may be beneficially utilized

on other embodiments without specific recitation.

DETAILED DESCRIPTION



[0022] Techniques and apparatus are provided herein for mid-call (e.g., voice over

long term evolution (VoLTE) or videotelephony over LTE (ViLTE) calls) quality of

service (QoS) update (e.g., maximum bit rate (MBR) update) handling at a user

equipment (UE). According to certain aspects, the UE may perform a call on one or

more radio bearers (e.g., different bearers for voice and video) at a bandwidth associated

with a MBR received from the network (e.g., in a non-access stratus (NAS) message)

for that bearer either at call set up or a subsequent update. While performing the call,

the network may perform bearer modification and the UE may receive a message from

the network specifying a new bandwidth (e.g,. updated MBR value) for the radio

bearers. According to certain aspects, if a Session Initiation Protocol (SIP) message for

a possible supplementary service (for example, call hold) has not been received, then

rather than immediately aligning its bandwidth with the updated MBR value, the UE

may determine whether new bandwidth is greater or less than a minimum bandwidth to

support the call. If greater, the UE may align with the new bandwidth immediately, if

less, the UE may start a timer to wait for a session initiation protocol (SIP) from the far-

end UE before aligning its bandwidth the new bandwidth specified in the message from

the network. This may help improve user experience.

[0023] Various aspects of the disclosure are described more fully hereinafter with

reference to the accompanying drawings. This disclosure may, however, be embodied

in many different forms and should not be construed as limited to any specific structure

or function presented throughout this disclosure. Rather, these aspects are provided so

that this disclosure will be thorough and complete, and will fully convey the scope of

the disclosure to those skilled in the art. Based on the teachings herein one skilled in the

art should appreciate that the scope of the disclosure is intended to cover any aspect of

the disclosure disclosed herein, whether implemented independently of or combined

with any other aspect of the disclosure. For example, an apparatus may be implemented

or a method may be practiced using any number of the aspects set forth herein. In

addition, the scope of the disclosure is intended to cover such an apparatus or method

which is practiced using other structure, functionality, or structure and functionality in

addition to or other than the various aspects of the disclosure set forth herein. It should

be understood that any aspect of the disclosure disclosed herein may be embodied by

one or more elements of a claim.



[0024] The word "exemplary" is used herein to mean "serving as an example,

instance, or illustration." Any aspect described herein as "exemplary" is not necessarily

to be construed as preferred or advantageous over other aspects.

[0025] Although particular aspects are described herein, many variations and

permutations of these aspects fall within the scope of the disclosure. Although some

benefits and advantages of the preferred aspects are mentioned, the scope of the

disclosure is not intended to be limited to particular benefits, uses, or objectives. Rather,

aspects of the disclosure are intended to be broadly applicable to different wireless

technologies, system configurations, networks, and transmission protocols, some of

which are illustrated by way of example in the figures and in the following description

of the preferred aspects. The detailed description and drawings are merely illustrative

of the disclosure rather than limiting, the scope of the disclosure being defined by the

appended claims and equivalents thereof.

[0026] Several aspects of telecommunication systems will now be presented with

reference to various apparatus and methods. These apparatus and methods will be

described in the following detailed description and illustrated in the accompanying

drawings by various blocks, modules, components, circuits, steps, processes, algorithms,

etc. (collectively referred to as "elements"). These elements may be implemented using

electronic hardware, computer software, or any combination thereof. Whether such

elements are implemented as hardware or software depends upon the particular

application and design constraints imposed on the overall system.

[0027] By way of example, an element, or any portion of an element, or any

combination of elements may be implemented with a "processing system" that includes

one or more processors. Examples of processors include microprocessors,

microcontrollers, digital signal processors (DSPs), field programmable gate arrays

(FPGAs), programmable logic devices (PLDs), state machines, gated logic, discrete

hardware circuits, and other suitable hardware configured to perform the various

functionality described throughout this disclosure. One or more processors in the

processing system may execute software. Software shall be construed broadly to mean

instructions, instruction sets, code, code segments, program code, programs,

subprograms, software modules, applications, software applications, software packages,

routines, subroutines, objects, executables, threads of execution, procedures, functions,



etc., whether referred to as software, firmware, middleware, microcode, hardware

description language, or otherwise.

[0028] Accordingly, in one or more exemplary embodiments, the functions

described may be implemented in hardware, software, firmware, or any combination

thereof. If implemented in software, the functions may be stored on or encoded as one

or more instructions or code on a computer-readable medium. Computer-readable media

includes computer storage media. Storage media may be any available media that can

be accessed by a computer. By way of example, and not limitation, such computer-

readable media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk

storage, magnetic disk storage or other magnetic storage devices, or any other medium

that can be used to carry or store desired program code in the form of instructions or

data structures and that can be accessed by a computer. Disk and disc, as used herein,

includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), and

floppy disk where disks usually reproduce data magnetically, while discs reproduce data

optically with lasers. Combinations of the above should also be included within the

scope of computer-readable media.

[0029] The techniques described herein may be used for various wireless

communication networks such as Orthogonal Frequency Division Multiplexing (OFDM)

networks, Time Division Multiple Access (TDMA) networks, Frequency Division

Multiple Access (FDMA) networks, Orthogonal FDMA (OFDMA) networks, Single-

Carrier FDMA (SC-FDMA) networks, Code Division Multiple Access (CDMA)

networks, etc. The terms "networks" and "systems" are often used interchangeably. A

CDMA network may implement a radio technology such as Universal Terrestrial Radio

Access (UTRA), CDMA2000, etc. UTRA includes Wideband-CDMA (W-CDMA) and

Low Chip Rate (LCR). CDMA2000 covers IS-2000, IS-95 and IS-856 standards. A

TDMA network may implement a radio technology such as Global System for Mobile

Communications (GSM). An OFDMA network may implement a radio technology

such as Evolved UTRA (E-UTRA), IEEE 802.1 1, IEEE 802.16 (e.g., WiMAX

(Worldwide Interoperability for Microwave Access)), IEEE 802.20, Flash-OFDM®, etc.

UTRA, E-UTRA, and GSM are part of Universal Mobile Telecommunication System

(UMTS). Long Term Evolution (LTE) and Long Term Evolution Advanced (LTE-A)

are releases of UMTS that use E-UTRA. UTRA, E-UTRA, GSM, UMTS and LTE are



described in documents from an organization named "3rd Generation Partnership

Project" (3GPP). CDMA2000 is described in documents from an organization named

"3rd Generation Partnership Project 2" (3GPP2). CDMA2000 is described in

documents from an organization named "3rd Generation Partnership Project 2" (3GPP2).

These various radio technologies and standards are known in the art. For clarity, certain

aspects of the techniques are described below for LTE and LTE-A.

[0030] The teachings herein may be incorporated into (e.g., implemented within or

performed by) a variety of wired or wireless apparatuses (e.g., nodes). In some aspects

a node comprises a wireless node. Such wireless node may provide, for example,

connectivity for or to a network (e.g., a wide area network such as the Internet or a

cellular network) via a wired or wireless communication link. In some aspects, a

wireless node implemented in accordance with the teachings herein may comprise an

access point or an access terminal.

[0031] An access point ("AP") may comprise, be implemented as, or known as

NodeB, Radio Network Controller ("RNC"), eNodeB, Base Station Controller ("BSC"),

Base Transceiver Station ("BTS"), Base Station ("BS"), Transceiver Function ("TF"),

Radio Router, Radio Transceiver, Basic Service Set ("BSS"), Extended Service Set

("ESS"), Radio Base Station ("RBS"), or some other terminology. In some

implementations an access point may comprise a set top box kiosk, a media center, or

any other suitable device that is configured to communicate via a wireless or wired

medium.

[0032] An access terminal ("AT") may comprise, be implemented as, or known as

an access terminal, a subscriber station, a subscriber unit, a mobile station, a remote

station, a remote terminal, a user terminal, a user agent, a user device, user equipment

(UE), a user station, or some other terminology. In some implementations an access

terminal may comprise a cellular telephone, a cordless telephone, a Session Initiation

Protocol ("SIP") phone, a wireless local loop ("WLL") station, a personal digital

assistant ("PDA"), a handheld device having wireless connection capability, a Station

("STA"), or some other suitable processing device connected to a wireless modem.

Accordingly, one or more aspects taught herein may be incorporated into a phone (e .g.,

a cellular phone or smart phone), a computer (e .g., a laptop), a portable communication

device, a portable computing device (e .g., a personal data assistant), a tablet, an



entertainment device (e .g., a music or video device, or a satellite radio), a television

display, a flip-cam, a security video camera, a digital video recorder (DVR), a global

positioning system device, or any other suitable device that is configured to

communicate via a wireless or wired medium.

AN EXAMPLE WIRELESS COMMUNICATION SYSTEM

[0033] FIG. 1 illustrates a multiple access wireless communication system 100 in

which aspects of the present disclosure may be utilized. Wireless communication

system 100 may be an LTE or Wi-Fi system, for example.

[0034] Wireless communication system 100 may include a base station 102 (BS)

that may include multiple antenna groups, one group including antennas 104 and 106,

another group including antennas 108 and 110, and an additional group including

antennas 112 and 114. In FIG. 1, two antennas are shown for each antenna group;

however, more or fewer antennas may be utilized for each antenna group. Access

terminal 116 (AT) may be in communication with antennas 112 and 114, where

antennas 112 and 114 transmit information to access terminal 116 over forward link 120

and receive information from access terminal 116 over reverse link 118. Access

terminal 122 may be in communication with antennas 106 and 108, where antennas 106

and 108 transmit information to access terminal 122 over forward link 126 and receive

information from access terminal 122 over reverse link 124. In a FDD system,

communication links 118, 120, 124, and 126 may use different frequency for

communication. For example, forward link 120 may use a different frequency then that

used by reverse link 118.

[0035] Each group of antennas and/or the area in which they are designed to

communicate is often referred to as a sector of the access point. In one aspect of the

present disclosure, each antenna group may be designed to communicate to access

terminals in a sector of the areas covered by BS 102.

[0036] In communication over forward links 120 and 126, the transmitting antennas

of BS 102 may utilize beamforming in order to improve the signal-to-noise ratio of

forward links for the different access terminals 116 and 122. Also, an access point

using beamforming to transmit to access terminals scattered randomly through its



coverage causes less interference to access terminals in neighboring cells than an access

point transmitting through a single antenna to all its access terminals.

[0037] FIG. 2 illustrates a block diagram of a transmitter system 210 (also known as

an access point) and a receiver system 250 (also known as an access terminal) in a

multiple-input multiple-output (MIMO) system 200. Transmitter system 210 and

receiver system 250 may be embodiments of the present disclosure, according to certain

aspects. Aspects of the present disclosure may be practiced by transmitter system 210

and receiver system 250. For example, operations 1000 illustrated in FIG. 10 may be

performed by receiver system 250.

[0038] At the transmitter system 210, traffic data for a number of data streams is

provided from a data source 212 to a transmit (TX) data processor 214. In one aspect of

the present disclosure, each data stream may be transmitted over a respective transmit

antenna. TX data processor 214 formats, codes, and interleaves the traffic data for each

data stream based on a particular coding scheme selected for that data stream to provide

coded data.

[0039] The coded data for each data stream may be multiplexed with pilot data

using OFDM techniques. The pilot data is typically a known data pattern that is

processed in a known manner and may be used at the receiver system to estimate the

channel response. The multiplexed pilot and coded data for each data stream is then

modulated (i.e., symbol mapped) based on a particular modulation scheme (e.g., BPSK,

QSPK, M-PSK, or M-QAM) selected for that data stream to provide modulation

symbols. The data rate, coding, and modulation for each data stream may be

determined by instructions performed by processor 230. Memory 232 may store data

and software for the transmitter system 210.

[0040] The modulation symbols for all data streams are then provided to a TX

MIMO processor 220, which may further process the modulation symbols (e.g., for

OFDM). TX MIMO processor 220 then provides NT modulation symbol streams to NT

transmitters (TMTR) 222a through 222t. In certain aspects of the present disclosure,

TX MIMO processor 220 applies beamforming weights to the symbols of the data

streams and to the antenna from which the symbol is being transmitted.



[0041] Each transmitter 222 receives and processes a respective symbol stream to

provide one or more analog signals, and further conditions (e.g., amplifies, filters, and

upconverts) the analog signals to provide a modulated signal suitable for transmission

over the MIMO channel. NT modulated signals from transmitters 222a through 222t

are then transmitted from NT antennas 224a through 224t, respectively.

[0042] At receiver system 250, the transmitted modulated signals may be received

by NR antennas 252a through 252r and the received signal from each antenna 252 may

be provided to a respective receiver (RCVR) 254a through 254r. Each receiver 254 may

condition (e.g., filters, amplifies, and downconverts) a respective received signal,

digitize the conditioned signal to provide samples, and further process the samples to

provide a corresponding "received" symbol stream.

[0043] An RX data processor 260 then receives and processes the NR received

symbol streams from NR receivers 254 based on a particular receiver processing

technique to provide NT "detected" symbol streams. The RX data processor 260 then

demodulates, deinterleaves, and decodes each detected symbol stream to recover the

traffic data for the data stream. The processing by RX data processor 260 may be

complementary to that performed by TX MIMO processor 220 and TX data processor

214 at transmitter system 210.

[0044] A processor 270 periodically determines which pre-coding matrix to use.

Processor 270 formulates a reverse link message comprising a matrix index portion and

a rank value portion. Memory 272 may store data and software for the receiver system

250. The reverse link message may comprise various types of information regarding the

communication link and/or the received data stream. The reverse link message is then

processed by a TX data processor 238, which also receives traffic data for a number of

data streams from a data source 236, modulated by a modulator 280, conditioned by

transmitters 254a through 254r, and transmitted back to transmitter system 210.

[0045] One or more of processor 270, RX data processor 260, and TX data

processor 238 may direct receiver system 250 in performing operations 1000, illustrated

in FIG. 10, according to certain aspects of the present disclosure. Memory 272 may

store instructions or code to be executed by the processor, the RX data processor, and

the TX data processor when directing the receiver system in performing operations 1000.



[0046] At transmitter system 210, the modulated signals from receiver system 250

are received by antennas 224, conditioned by receivers 222, demodulated by a

demodulator 240, and processed by a RX data processor 242 to extract the reserve link

message transmitted by the receiver system 250. Processor 230 then determines which

pre-coding matrix to use for determining the beamforming weights, and then processes

the extracted message.

[0047] FIG. 3 illustrates various components that may be utilized in a wireless

device 302 that may be employed within the wireless communication system illustrated

in FIG. 1 . The wireless device 302 is an example of a device that may be configured to

implement the various methods described herein. The wireless device 302 may be a

base station 102 or any of user terminals 116 and 122.

[0048] The wireless device 302 may include a processor 304 that controls operation

of the wireless device 302. The processor 304 may also be referred to as a central

processing unit (CPU). Memory 306, which may include both read-only memory

(ROM) and random access memory (RAM), provides instructions and data to the

processor 304. A portion of the memory 306 may also include non-volatile random

access memory (NVRAM). The processor 304 typically performs logical and

arithmetic operations based on program instructions stored within the memory 306. The

instructions in the memory 306 may be executable to implement the methods described

herein.

[0049] The wireless device 302 may also include a housing 308 that may include a

transmitter 310 and a receiver 312 to allow transmission and reception of data between

the wireless device 302 and a remote location. The transmitter 310 and receiver 312

may be combined into a transceiver 314. A single or a plurality of transmit antennas

316 may be attached to the housing 308 and electrically coupled to the transceiver 314.

The wireless device 302 may also include (not shown) multiple transmitters, multiple

receivers, and multiple transceivers.

[0050] The wireless device 302 may also include a signal detector 318 that may be

used in an effort to detect and quantify the level of signals received by the transceiver

314. The signal detector 318 may detect such signals as total energy, energy per



subcarrier per symbol, power spectral density and other signals. The wireless device

302 may also include a digital signal processor (DSP) 320 for use in processing signals.

[0051] The various components of the wireless device 302 may be coupled together

by a bus system 322, which may include a power bus, a control signal bus, and a status

signal bus in addition to a data bus.

EXAMPLE MID-CALL QOS UPDATE HANDLING AT A UE

[0052] In order to provide good user experiences over long term evolution (LTE)

for packet switched (PS) calls, the voice stream, in the case of a voice over LTE

(VoLTE) call, and the voice stream and/or video stream, in the case of videotelephony

over LTE (ViLTE) call, is transported (e.g., transmitted and/or received) over a

dedicated bearer(s). The user equipment (UE)that is transmitting or receiving the voice

and/or video stream over dedicated bearers aligns its voice stream and/or its video

stream bandwidth with the uplink/downlink maximum bit rate (MBR) of the

corresponding bearer both at call setup and in mid-call operation. The MBR specifies

the total maximum bandwidth of the media traffic and its real-time transport protocol

(RTP) and RTP control protocol (RTCP) if RTCP is used. The MBR value is indicated

to the UE by the network. The indication can be carried in non-access stratum (NAS)

messages from the network (e.g., a ACTIVATE DEDICATED BEARER CONTEXT

REQUEST message or a MODIFY EPS BEARER CONTEXT REQUEST message),

for example, as a part of bearer modification.

[0053] The transmitting voice stream bandwidth alignment and/or the transmitting

video stream bandwidth alignment to an MBR value received from the network is

achieved by adjusting the encoding bit rate. For the video stream, the frame rate and/or

resolution are adapted accordingly. The receiving voice stream bandwidth and/or the

receiving video stream bandwidth alignment to an MBR value received from the

network is achieved by communicating the related bandwidth modifiers (AS o ice and

S i eo, respectively) to the far end UE using a session initiation protocol (SIP) message

(e.g., an UPDATE message or a re-INVITE message).

[0054] If the MBR value is reduced (e.g., relative to the MBR value at call-setup or

during a previous bearer medication), the alignment should be done as soon as possible

to avoid packet loss and/or end-to-end delay increase, which effectively degrade user



experiences. For example, in mid-call operation (e.g., while the UE is performing a

VoLTE call or a ViLTE call), the UE might receive a message (e.g., a NAS message)

from the network specifying an updated MBR value. Bearer modification could be due

to a handover to another network, due to network congestion control, etc. Where an

updated MBR value is received mid-call operation, prompt alignment of the voice

stream and/or video stream bandwidth with the updated uplink/downlink MBR of the

corresponding bearer is desirable.

[0055] Bearer modification can also be triggered by a supplementary service

procedure, for example, a call hold procedure. In this case, the MBR is updated to a

very low value (e.g., enough for real-time transport protocol (RTP) control protocol

(RTCP)) or even to 0, or in extreme scenario, release the dedicated bearer for video. If

the call hold message (e.g., a session initiation protocol (SIP) message) triggering the

supplementary service procedure arrives at the UE ahead of the message from the

network indicating the updated MBR value, then the UE does not align the transmit and

receive bit rates for active session to the message from the network. However, because

the message from the network indicating the updated MBR value and the call hold

message (e.g., a SIP message) are transported over two different channels, or the

network purposely delays forwarding the call hold message, the call hold message (e.g.,

to put the VoLTE and/or ViLTE call on hold) consistently arrives at the UE later (e.g.,

around 100ms later) than the message from the network with the updated MBR value.

In this case, immediate alignment of the receiving voice and/or video stream bandwidth

of the active session may result in SIP message collision, ViLTE call downgrade to

VoLTE call (e.g., if the updated video MBR is too low to sustain the video stream),

and/or call termination (e.g., if the updated voice MBR is too low to sustain the voice

stream).

[0056] FIG. 4 illustrates an example call flow 400 illustrating SIP message collision

during a packet based call. As shown in FIG. 4, at 402 UE-A 116 is performing a

ViLTE call with UE-B 112 over dedicated bearers. At 404, the UE-A 116 puts the call

on hold by sending a re-INVITE message with sendonly directionality for both voice

and video. Before the re-INVITE message is received by UE-B 122, the NW 102

performs bearer modification at 406 and 408, and the updated downlink video MBR is

less than the minimum sustainable video bit rate (e.g., the MBR value is less than



Rmin_video). Thus, at 410, the UE-B 122 sends a SIP UPDATE message to UE-A 116 to

downgrade the call (0 video port). Only after having already downgraded the call, the

UE-B 122 receives the re-INVITE message at 412. And at 414, the UE-B 122 sends a

491 message and waits for a 200 OK message for the UPDATE. As a result, the call is

downgraded and the call hold is delayed. As shown in the example call flow 500

illustrated in FIG. 5, at 514, the UE-B 122 might send a CANCEL to cancel the SIP

UPDATE message, rather than sending the 491 message. In this case, the call might not

be downgraded, but the call hold is delayed.

[0057] Accordingly, what is needed are techniques and apparatus for handling mid-

call quality of service (QoS) updates.

[0058] Techniques and apparatus are provided herein for mid-call (e.g., voice over

long term evolution (VoLTE) or videotelephony over LTE (ViLTE) calls) quality of

service (QoS) update (e.g., maximum bit rate (MBR) update) handling at a user

equipment (UE). According to certain aspects, the UE may perform a call at a

bandwidth associated with a MBR received from the network either at call set up or a

subsequent update. While performing the call, the UE may receive an MBR update

from the network (e.g., in a NAS message) specifying a new bandwidth. According to

certain aspects, if a supplementary service message (e.g., a call hold message or a

session initiation protocol (SIP) message) has not yet been received, then rather than

immediately aligning its bandwidth the MBR update, the UE may determine whether

new bandwidth is greater or less than a minimum bandwidth to support the call. If

greater, the UE may align with the new bandwidth, if less, the UE may start a timer to

wait for a Session Initiation Protocol (SIP) message from the far-end UE before aligning

its bandwidth the new bandwidth specified in the message from the network indicating

the updated MBR value. This may help improve user experience.

[0059] FIGs. 6-9 illustrate example call flows for handling a mid-call MBR update,

in accordance with certain aspects of the present disclosure. FIG. 6 illustrates an

example call flow 600 for handling a mid-call MBR update where the updated MBR is

greater than a minimum bandwidth needed to support the call. As shown in the example

call flow 600 illustrated in FIG. 6, as in the example call flows 400 and 500, at 604, UE-

A 116 may perform a video and/or voice call over dedicated bearers. The call may be

performed a first bandwidth that may associated with a first MBR value received, at 602,



during a call-set up procedure with the network 102 (e.g., in an ACTIVATE

DEDICATED BEARER CONTEXT REQUEST non-access stratus (NAS) message).

Mid-call, at 606, the network may perform a bearer modification (e.g., in a MODIFY

EPS BEARER CONTEXT message or a DEACTIVATE EPS BEARER CONTEXT

REQUEST MESSAGE followed by an ACTIVATE DEDICATED BEARER

CONTEXT REQUEST message). The bearer modification may indicate a second MBR.

However, rather than immediately aligning its bandwidth the second MBR, at 608, the

UE-B 122 may first determine whether the second bandwidth is less than or greater than

a minimum bandwidth to sustain the video and/or voice streams of the call. Rm in voice

may represent the minimum voice bit rate and Rm in video may represent the minimum

video bit rate. If the second MBR is greater than Rm in voice and Rm in video, the UE may

align with the second MBR and continue the call at a second bandwidth associated with

the second MBR. For example, as shown in FIG. 6, at 610, UE-B 122 may send an

UPDATE (AS) message to the network 102, and, at 612, the network 102 forwards the

UPDATE (AS) message to the UE-A 116. The AS value (AS o iCe and/or AS ideo) in the

UPDATE message is derived based on the second MBR. At 614, the UE-A 116

responds with a 200 OK message to the network 102, which is forwarded to the UE-B

122 at 616. At 618, the call continues over the dedicated bearers using the second

bandwidth.

[0060] FIG. 7 illustrates an example call flow 700 for handling a mid-call MBR

update (e.g., NAS message from the network during a bearer modification) where a SIP

message for a possible supplementary service is received prior to the mid-call MBR

update. As shown in the example call flow 700 illustrated in FIG. 7, after call-set up

and during the voice and/or video call, at 706, the UE-A 116 may put the call on hold by

sending a re-INVITE message (e.g., with sendonly directionality for voice and/or video)

which may received by UE-B 122 at 708. Since the re-INVITE message is received

ahead of bearer modification, when the mid-call bearer modification is performed, at

710 and 712, the UE-B immediate aligns with the second MBR regardless whether the

second MBR is greater or less than Rm in voice and Rm in video- For example, as shown in

FIG. 7, at 714 and 716, the UE-B 122 sends UE-A 116 an 200 OK message 200

message (e.g., with recvonly directionality for voice and/or video) to start the service

triggered by the SIP message and may not send the UPDATE message as shown in FIG.



4 and FIG. 5 to align receiving bandwidth of the voice and/or video streams of the

corresponding bearer to the updated MBR value.

[0061] FIG. 8illustrates an example call flow 800 for handling a mid-call MBR

update where the updated MBR is less than a minimum bandwidth needed to support

the call and a SIP message for a possible supplementary service is not received prior to

the mid-call MBR update, but is received prior to expiry of a delay timer. As shown in

FIG. 8, before the re-INVITE message, sent at 706, is received by UE-B 122, the NW

102 performs bearer modification at 808 and 810.At 812, UE-B 122 may determine the

second MBR is less than R min voice or R min i eo and, since the re-INVITE message has

not been received (in this example), then, at 814 UE-B 122 may start a timer (e.g.,

having a configurable value). The timer may have a value representing a delay, T eiay ,

for the UE-B 122 to wait before taking action after the bearer modification. At 816, UE-

B 122 may receive a SIP message (e.g., the re-INVITE message received at 816)

triggering a supplementary service such as a communication on hold (e.g., voice on hold

for VoLTE call or video and voice on hold for a ViLTE call). In response to receiving

the SIP message, UE-B 122 may stop the timer at 818 and starts the supplementary

service using the second bandwidth. For example, at 820 and 822, UE-B 122 sends UE-

A 116 an OK 200 message (e.g., with recvonly directionality for voice and/or video) to

start the service triggered by the SIP message and may not send the UPDATE message

as shown in FIG. 4 and FIG. 5 to align receiving bandwidth of the voice and/or video

streams of the corresponding bearer to the updated MBR value.

[0062] FIG. illustrates an example call flow 900 for handling a mid-call MBR

update where the updated MBR is less than a minimum bandwidth needed to support

the call and a SIP message for a possible supplementary service is not received prior to

the mid-call MBR update and is not received before expiry of a delay timer. As shown

in FIG. 9, mid-call bearer modification may occur at 808 and 810, which may or may

not be triggered by a SIP message (e.g., re-INVITE at 706) for a possible supplementary

service, sent by UE-A 116. As in the example call flow shown in FIG. 8, if the second

MBR is less than a bandwidth to support video (e.g., the MBR value is less than

R min video ) , UE-B 122 starts a timer at 814. However, in this example, the timer expire at

916 before any the re-INVITE message is received at 920. In this case, UE-B 122 may

follow the procedures after bearer modification as illustrated in the calls flows 400 and



500. For example, at 918, UE-B 122 may send a SIP UPDATE message to UE-A 116

to downgrade the call (0 video port). Since the second bandwidth, in this example, is

less than Rmin video, the call may be downgraded (e.g., to a voice only call) or terminated.

At 922, the UE-B 122 may send a 491 message and waits for a 200 OK message for the

UPDATE or a CANCEL message. As a result, the call is downgraded and the call hold

is delayed, or the call is terminated.

[0063] FIG. 10 is a block diagram illustrating example operations 1000 for wireless

communications, in accordance with certain aspects of the present disclosure. The

operations 1000 may be performed by a UE (e.g., UE 122). The operations 1000 may

begin, at 1002, by performing a call (e.g., a VoLTE call or a ViLTE call) with another

UE over a packet based RAT (e.g., LTE) on one or more radio bearers(e.g., a GBR),

each of the one or more radio bearers using a first bandwidth associated with a first

MBR value for the bearer. According to certain aspects, the first MBR value may be

received in a first NAS message (e.g., a ACTIVATE DEDICATED BEARER

CONTEXT REQUEST message or a MODIFY EPS BEARER CONTEXT REQUEST

message). According to certain aspects, the first MBR value may indicate a bandwidth

for a RTP stream and a corresponding RTCP if RTCP is used for the call

[0064] At 1004, the UE may receive a message from the network having an

indication of a second MBR value for each of the one or more bearers indicating a

second bandwidth for the call on the radio bearer. According to certain aspects, the

second MBR may be received in a second NAS message(e.g., a ACTIVATE

DEDICATED BEARER CONTEXT REQUEST message, a MODIFY EPS BEARER

CONTEXT REQUEST message, or a DEACTIVATE EPS BEARER CONTEXT

REQUEST message). According to certain aspects, the second MBR value may also

indicate a bandwidth for a RTP stream and a corresponding RTCP if RTCP is used for

the call

[0065] At 1006, the UE may start a timer (e.g., having a configurable value)if the

second bandwidth is less than a minimum bandwidth to support the call and a SIP

message for a possible supplementary service has not received. Once the timer expires,

the call may be continued using the first bandwidth. According to certain aspects, the

UE may receive a call hold message (e.g., a SIP message) from the other UE prior to

expiry of the timer. In this case, the UE may stop the timer in response to receiving the



call hold message and may start the supplementary service with the second bandwidth.

Alternatively, if the second bandwidth is equal or greater than the minimum bandwidth,

the call may continue at the second bandwidth.

[0066] According to certain aspects, the UE may receive another message from the

network having an indication of a third MBR value indicating a third bandwidth for the

call on the radio bearer and the UE may start the timer if the third bandwidth is less than

the minimum bandwidth to support the call and if a SIP message for a possible

supplementary service (for example, call hold) has not received.

[0067] As used herein, the term "determining" encompasses a wide variety of

actions. For example, "determining" may include calculating, computing, processing,

deriving, investigating, looking up (e.g., looking up in a table, a database or another data

structure), ascertaining and the like. Also, "determining" may include receiving (e.g.,

receiving information), accessing (e.g., accessing data in a memory) and the like. Also,

"determining" may include resolving, selecting, choosing, establishing and the like.

[0068] The various operations of methods described above may be performed by

any suitable means capable of performing the corresponding functions. The means may

include various hardware and/or software component(s) and/or module(s), including,

but not limited to a circuit, an application specific integrated circuit (ASIC), or

processor. Generally, where there are operations illustrated in figures, those operations

may have corresponding counterpart means-plus-function components with similar

numbering. For example, operations 700 illustrated in FIG. 7 correspond to means

700A illustrated in FIG. 7A.

[0069] For example, means for transmitting may comprise a transmitter and/or an

antenna(s) 224 of the UE 210) or antenna(s) 252 of the e B 250. Means for receiving

may comprise a receiver and/or an antenna(s) 224 of the UE 210) or antenna(s) 252 of

the eNB 250. Means for generating and encoding may comprise a processing system,

which may include one or more processors, for example, any of the processors shown in

FIG. 2 of the UE (e.g., UE 210) or network entity (e.g., eNB 250).

[0070] According to certain aspects, such means may be implemented by processing

systems configured to perform the corresponding functions by implementing various

algorithms (e.g., in hardware or by executing software instructions). For example, an



algorithm for encoding capability information of the UE prior to receiving a request for

the capability information, an algorithm for receiving the request for the capability

information, and an algorithm for transmitting a message containing the encoded

capability information, in response to the request.

[0071] As used herein, a phrase referring to "at least one of a list of items refers to

any combination of those items, including single members. As an example, "at least

one of: a, b, or c" is intended to cover a, b, c, a-b, a-c, b-c, and a-b-c, as well as any

combination with multiples of the same element (e.g., a-a, a-a-a, a-a-b, a-a-c, a-b-b, a-c-

c, b-b, b-b-b, b-b-c, c-c, and c-c-c or any other ordering of a, b, and c).

[0072] The steps of a method or algorithm described in connection with the

disclosure herein may be embodied directly in hardware, in a software module executed

by a processor, or in a combination of the two. A software module may reside in RAM

memory, flash memory, ROM memory, EPROM memory, EEPROM memory, registers,

hard disk, a removable disk, a CD-ROM or any other form of storage medium known in

the art. An exemplary storage medium is coupled to the processor such that the

processor can read information from, and/or write information to, the storage medium.

In the alternative, the storage medium may be integral to the processor. The processor

and the storage medium may reside in an ASIC. The ASIC may reside in a user

terminal. In the alternative, the processor and the storage medium may reside as

discrete components in a user terminal. Generally, where there are operations illustrated

in Figures, those operations may have corresponding counterpart means-plus-function

components with similar numbering.

[0073] In one or more exemplary designs, the functions described may be

implemented in hardware, software, firmware or any combination thereof. If

implemented in software, the functions may be stored on or transmitted over as one or

more instructions or code on a computer-readable medium. Computer-readable media

includes both computer storage media and communication media including any medium

that facilitates transfer of a computer program from one place to another. A storage

media may be any available media that can be accessed by a general purpose or special

purpose computer. By way of example, and not limitation, such computer-readable

media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage,

magnetic disk storage or other magnetic storage devices, or any other medium that can



be used to carry or store desired program code means in the form of instructions or data

structures and that can be accessed by a general-purpose or special-purpose computer,

or a general-purpose or special-purpose processor. Also, any connection is properly

termed a computer-readable medium. For example, if the software is transmitted from a

website, server, or other remote source using a coaxial cable, fiber optic cable, twisted

pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and

microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless

technologies such as infrared, radio, and microwave are included in the definition of

medium. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical

disc, digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually

reproduce data magnetically, while discs reproduce data optically with lasers.

Combinations of the above should also be included within the scope of computer-

readable media.

[0074] The previous description of the disclosure is provided to enable any person

skilled in the art to make or use the disclosure. Various modifications to the disclosure

will be readily apparent to those skilled in the art, and the generic principles defined

herein may be applied to other variations without departing from the spirit or scope of

the disclosure. Thus, the disclosure is not intended to be limited to the examples and

designs described herein, but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.

WHAT IS CLAIMED IS:



CLAIMS

1. A method for wireless communications by a user equipment (UE), comprising:

performing a call with another UE over a packet based radio access technology

(RAT) on one or more radio bearers, each of the one or more radio bearers using a first

bandwidth associated with a first maximum bit rate (MBR) value for the radio bearer;

receiving a message from the network having an indication of a second MBR

value for each of the one or more radio bearers indicating a second bandwidth for the

call on the radio bearer; and

starting a timer if the second bandwidth is less than a minimum bandwidth to

support the call and if a Session Initiation Protocol (SIP) message for a possible

supplementary service has not been received.

2 . The method of claim 1, further comprising:

continuing the call at the second bandwidth if the second bandwidth is equal or

greater than the minimum bandwidth to support the call.

3 . The method of claim 1, further comprising:

continuing the call using the second bandwidth at expiry of the timer.

4 . The method of claim 1, further comprising:

Receiving the SIP message for the possible supplementary service from the

other UE prior to expiry of the timer;

stopping the timer in response to receiving the SIP message for the possible

supplementary service; and

starting the supplementary service using the second bandwidth.

5 . The method of claim 4, wherein the SIP message for the possible supplementary

service comprises a call hold message.

6 . The method of claim 1, wherein the packet-based RAT comprises a Long Term

Evolution (LTE) network.

7 . The method of claim 6, wherein the call comprises at least one of a voice over



LTE (VoLTE) call or a videotelephony over LTE (ViLTE) call.

8 . The method of claim 1, wherein the one or more radio bearers are dedicated

bearers.

9 . The method of claim 1, wherein the first MBR value for each of the one or more

radio bearers is received in a first non-access stratum (NAS) message during a call set

up procedure for the call.

10. The method of claim 9, wherein the first NAS message comprises a ACTIVATE

DEDICATED BEARER CONTEXT REQUEST or a MODIFY EPS BEARER

CONTEXT REQUEST message.

11 . The method of claim 1, wherein the first MBR values indicate a bandwidth for a

real-time transport protocol (RTP) stream and a corresponding RTP control protocol

(RTCP) if RTCP is used for the call.

12. The method of claim 1, wherein the second MBR value for each of the one or

more radio bearers is received in a second non-access stratum (NAS) message.

13. The method of claim 12, wherein the second NAS message comprises an

MODIFY EPS BEARER CONTEXT REQUEST message or an ACTIVATE

DEDICATED BEARER CONTEXT REQUEST message following a DEACTIVATE

EPS BEARER CONTEXT REQUEST.

14. The method of claim 1, wherein the second MBR values indicate a bandwidth

for a real-time transport protocol (RTP) stream and a corresponding RTP control

protocol (RTCP) if RTCP is used for the call.

15. The method of claim 1, wherein the timer has a configurable value.

16. The method of claim 1, further comprising:

receiving another message from the network having an indication of a third

MBR value for each of the one or more radio bearers indicating a third bandwidth for



the call on the radio bearer; and

starting the timer if another SIP message for a possible supplementary service

has not been received and if the third bandwidth is less than a minimum bandwidth to

support the call.

17. The method of claim 16, wherein the third MBR values are received in a third

non-access stratum (NAS) message.

18. The method of claim 17, wherein the third NAS message comprises an

MODIFY EPS BEARER CONTEXT REQUEST message or an ACTIVATE

DEDICATED BEARER CONTEXT REQUEST message following a DEACTIVATE

EPS BEARER CONTEXT REQUEST

19. An apparatus for wireless communications by a user equipment (UE),

comprising:

means for performing a call with another UE over a packet based radio access

technology (RAT) on one or more radio bearers, each of the one or more radio bearers

using a first bandwidth associated with a first maximum bit rate (MBR) value for the

radio bearer;

means for receiving a message from the network having an indication of a

second MBR value for each of the one or more radio bearers indicating a second

bandwidth for the call on the radio bearer; and

means for starting a timer if the second bandwidth is less than a minimum

bandwidth to support the call and a Session Initiation Protocol (SIP) message for a

possible supplementary service has not been received.

20. An apparatus for wireless communications, comprising:

at least one processor configured to:

perform a call with another UE over a packet based radio access

technology (RAT) on one or more radio bearers, each of the one or more radio

bearers using a first bandwidth associated with a first maximum bit rate (MBR)

value for the radio bearer;



receive a message from the network having an indication of a second

MBR value for each of the one or more radio bearers indicating a second

bandwidth for the call on the radio bearer; and

start a timer if the second bandwidth is less than a minimum bandwidth

to support the call and if a Session Initiation Protocol (SIP) message for a

possible supplementary service has not been received; and

a memory coupled with the at least one processor.

2 1. A computer readable medium having instructions stored thereon for:

performing a call with another UE over a packet based radio access technology

(RAT) on one or more radio bearers, each of the one or more radio bearers using a first

bandwidth associated with a first maximum bit rate (MBR) value for the radio bearer;

receiving a message from the network having an indication of a second MBR

value for each of the one or more radio bearers indicating a second bandwidth for the

call on the radio bearer; and

starting a timer if the second bandwidth is less than a minimum bandwidth to

support the call and if a Session Initiation Protocol (SIP) message for a possible

supplementary service has not been received.
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