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ADAPTIVE HALF DUPLEX / FULL DUPLEX 
OPERATION FOR BATTERY AND ANTENNA 

CONSTRAINED DEVICES 

device may have restrictions similar to a peak current 
limited device because of half duplex frequency division 
duplex ( FDD ) operation ( e . g . , when concurrent transmit and 
receive is not supported ) . 
[ 0007 ] Additionally , if operating at continuous transmis 
sion , a peak current limited device may need to blank ( e . g . , 
not transmit ) some UL sub - frames because the peak current 
limited device may not be able to sustain the expected 
continuous transmission . In response , a base station sched 
uler , not aware of the blanking of sub - frames , may react 
negatively by impacting throughput of the peak current 
limited device , which may lead to a decreased user experi 
ence . 
[ 0008 ] Therefore , improvements in the field would be 
desirable . 

PRIORITY DATA 
[ 0001 ] This application is a continuation of U . S . patent 
application Ser . No . 15 / 077 , 998 , titled , “ Adaptive Half 
Duplex / Full Duplex Operation for Battery and Antenna 
Constrained Devices ” , filed Mar . 23 , 2016 by Tarik Tabet , 
Syed Aon Mujtaba , Samy Khay - Ibbat , and Rafael L . Rivera 
Barreto , now U . S . Pat . No . 10 , 333 , 686 , and which claims 
benefit of priority to U . S . Provisional Application Ser . No . 
62 / 161 , 382 , titled “ Adaptive Half Duplex / Full Duplex 
Operation for Battery and Antenna Constrained Devices ” , 
filed May 14 , 2015 by Tarik Tabet , Syed Aon Mujtaba , Samy 
Khay - Ibbat , and Rafael L . Rivera - Barreto , each of which is 
hereby incorporated by reference in its entirety as though 
fully and completely set forth herein . 
0002 ] The claims in the instant application are different 

than those of the parent application and / or other related 
applications . The Applicant therefore rescinds any dis 
claimer of claim scope made in the parent application and / or 
any predecessor application in relation to the instant appli 
cation . Any such previous disclaimer and the cited refer 
ences that it was made to avoid , may need to be revisited . 
Further , any disclaimer made in the instant application 
should not be read into or against the parent application 
and / or other related applications . 

SUMMARY 

FIELD 
[ 0003 ] The present application relates to wireless commu 
nication , and more particularly , adaptive hybrid automatic 
repeat request ( HARD ) for half duplex operations for battery 
and antenna constrained devices in a radio access technol 
ogy such as LTE . 

DESCRIPTION OF THE RELATED ART 
[ 0004 ] Wireless communication systems are rapidly grow 
ing in usage . Additionally , there exist numerous different 
wireless communication technologies and standards . Some 
examples of wireless communication standards include 
GSM , UMTS ( WCDMA , TDS - CDMA ) , LTE , LTE 
Advanced ( LTE - A ) , HSPA , 3GPP2 CDMA2000 ( e . g . , 
1xRTT , 1xEV - DO , HRPD , HRPD ) , IEEE 802 . 11 ( WLAN 
or Wi - Fi ) , IEEE 802 . 16 ( WiMAX ) , Bluetooth , etc . 
[ 0005 ] In cellular radio access technologies ( RATs ) such 
as LTE , the user equipment ( UE ) requests uplink ( UL ) 
resources by means of a scheduling request ( SR ) . In 
response to a SR , the base station assigns UL resources to 
the UE with a UL grant . The base station can assign 
resources to the UE on every sub - frame . After the UE 
receives a UL grant , the UE can transmit data to the base 
station on the physical uplink shared channel ( PUSCH ) . 
[ 0006 ] A device which is peak current limited ( i . e . , a 
device that has limited battery and / or limited power ampli 
fier capability ) may not able to transmit continuously in the 
UL , e . g . , it can transmit only on a low duty cycle . A device 
may be peak current limited because of the size of its battery 
( e . g . , the device may only have a finite amount of current 
that may be drawn from the batter ) and / or because of the 
efficiency of its antenna ( e . g . , in order to maintain connec 
tivity with the base station , the antenna ' s power amplifier 
may need to operate at maximum output ) . Additionally , a 

[ 0009 ] Embodiments are presented herein of , inter alia , a 
user equipment ( UE ) , base station ( eNB ) , and improved 
communication methods which enable a UE that is peak 
current limited to maintain an uplink timeline and notify a 
base station of differing duty cycles . 
[ 0010 ] Embodiments relate to a user equipment device 
( UE ) comprising at least one antenna , at least one radio , and 
one or more processors coupled to the radio . The at least one 
radio is configured to perform cellular communication using 
at least one radio access technology ( RAT ) . The one or more 
processors and the at least one radio are configured to 
perform voice and / or data communications , as well as the 
methods described herein . 
[ 0011 ] . In some embodiments , the UE sends first informa 
tion indicating the capabilities of the UE to a network entity 
( e . g . , a base station or a mobile management entity ) and 
receives a first indication based on the first information from 
the network entity . The first indication indicates that the UE 
operate according to a first mode of operation . The UE 
receives a second indication from the network entity based 
on an occurrence of a first condition detectable at the 
network entity . The second indication indicates that the UE 
operate according to a second mode of operation different 
from the first mode of operation . The first mode of operation 
can be one of a full duplex mode of operation and a half 
duplex mode of operation . The second mode of operation 
can be one of a full duplex mode of operation and a half 
duplex mode of operation . 
[ 0012 ] In some embodiments , the first condition is an 
initialization of a real time data packet session for the UE , 
such as a voice over LTE ( VOLTE ) session . In such embodi 
ments , the first mode of operation is full duplex operation 
and the second mode of operation is half duplex operation . 
Additionally , in some embodiments , the UE reverts to the 
first mode of operation for communications with the net 
work based on an occurrence of a second condition detect 
able at the network entity . In some embodiments , the second 
condition is a completion of a real time data packet session , 
such as VoLTE session . 
[ 0013 ] In some embodiments , the UE detects that one or 
more radio conditions exceed a threshold and sends a first 
message to the network entity in response . In such embodi 
ments , the first condition is the first message . In response to 
receiving the first message , the network entity requests 
second information from the UE and the UE receives the 
request for second information from the network entity 
based on the occurrence of the first condition . The second 
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information indicates updated capabilities of the UE . In such 
embodiments , the first mode of operation is half duplex 
operation and the second mode of operation is full duplex 
operation . 
[ 0014 ] This Summary is intended to provide a brief over 
view of some of the subject matter described in this docu 
ment . Accordingly , it will be appreciated that the above 
described features are merely examples and should not be 
construed to narrow the scope or spirit of the subject matter 
described herein in any way . Other features , aspects , and 
advantages of the subject matter described herein will 
become apparent from the following Detailed Description , 
Figures , and Claims . 

[ 0029 ] UL : Uplink ( from UE to BS ) 
( 0030 ) FDD : Frequency Division Duplexing 
[ 0031 ] TDD : Time Division Duplexing 
[ 0032 ] GSM : Global System for Mobile Communication 
[ 0033 ] LTE : Long Term Evolution 
[ 0034 ] TX : Transmission 
[ 0035 ] RX : Reception 
[ 0036 ] UMTS : Universal Mobile Telecommunication Sys 
tem 
[ 0037 ) LAN : Local Area Network 
[ 0038 ] WLAN : Wireless LAN 
[ 0039 ] RAT : Radio Access Technology 

Terminology BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0015 ] A better understanding of the present subject matter 
can be obtained when the following detailed description of 
the embodiments is considered in conjunction with the 
following drawings . 
[ 0016 ] FIG . 1 illustrates a wireless communication system 
in accordance with some embodiments . 
[ 00171 FIG . 2 illustrates a base station ( “ BS ” , or in the 
context of LTE , an “ eNodeB ” or “ NB ” ) in communication 
with a wireless device , in accordance with some embodi 
ments . 
[ 0018 ] FIG . 3 illustrates a block diagram for a wireless 
device , in accordance with some embodiments . 
[ 0019 ] FIG . 4 illustrates a block diagram for a base station , 
in accordance with some embodiments . 
10020 ] FIG . 5A illustrates a flow diagram of a method for 
a user equipment device to communicate with a network 
using differing modes of operation , in accordance with some 
embodiments . 
[ 0021 ] FIG . 5B illustrates a processing element including 
modules to communicate with a network using differing 
modes of operation in accordance with some embodiments . 
10022 ] . FIG . 6A illustrates a flow diagram of a method for 
a network entity to schedule a wireless device for differing 
modes of operation , in accordance with some embodiments . 
[ 0023 ] FIG . 6B illustrates a processing element including 
modules to schedule a wireless device for differing modes of 
operation in accordance with some embodiments . 
00241 While the features described herein are susceptible 

to various modifications and alternative forms , specific 
embodiments thereof are shown by way of example in the 
drawings and are herein described in detail . It should be 
understood , however , that the drawings and detailed descrip 
tion thereto are not intended to be limiting to the particular 
form disclosed , but on the contrary , the intention is to cover 
all modifications , equivalents and alternatives falling within 
the spirit and scope of the subject matter as defined by the 
appended claims . 

[ 0040 ] The following is a glossary of terms used in this 
disclosure : 
[ 0041 ] Memory Medium — Any of various types of non 
transitory memory devices or storage devices . The term 
“ memory medium ” is intended to include an installation 
medium , e . g . , a CD - ROM , floppy disks , or tape device ; a 
computer system memory or random access memory such as 
DRAM , DDR RAM , SRAM , EDO RAM , Rambus RAM , 
etc . , a non - volatile memory such as a Flash , magnetic media , 
e . g . , a hard drive , or optical storage ; registers , or other 
similar types of memory elements , etc . The memory 
medium may include other types of non - transitory memory 
as well or combinations thereof . In addition , the memory 
medium may be located in a first computer system in which 
the programs are executed , or may be located in a second 
different computer system which connects to the first com 
puter system over a network , such as the Internet . In the 
latter instance , the second computer system may provide 
program instructions to the first computer for execution . The 
term “ memory medium ” may include two or more memory 
mediums which may reside in different locations , e . g . , in 
different computer systems that are connected over a net 
work . The memory medium may store program instructions 
( e . g . , embodied as computer programs ) that may be 
executed by one or more processors . 
0042 Carrier Medium a memory medium as described 
above , as well as a physical transmission medium , such as 
a bus , network , and / or other physical transmission medium 
that conveys signals such as electrical , electromagnetic , or 
digital signals . 
[ 0043 ] Programmable Hardware Element - includes vari 
ous hardware devices comprising multiple programmable 
function blocks connected via a programmable interconnect . 
Examples include FPGAs ( Field Programmable Gate 
Arrays ) , PLDs ( Programmable Logic Devices ) , FPOAS 
( Field Programmable Object Arrays ) , and CPLDs ( Complex 
PLDs ) . The programmable function blocks may range from 
fine grained ( combinatorial logic or look up tables ) to coarse 
grained ( arithmetic logic units or processor cores ) . A pro 
grammable hardware element may also be referred to as 
“ reconfigurable logic ” . 
0044 Computer System any of various types of com 
puting or processing systems , including a personal computer 
system ( PC ) , mainframe computer system , workstation , 
network appliance , Internet appliance , personal digital assis 
tant ( PDA ) , television system , grid computing system , or 
other device or combinations of devices . In general , the term 
“ computer system ” can be broadly defined to encompass any 

DETAILED DESCRIPTION 

Acron Acronyms 
[ 0025 ] Various acronyms are used throughout the present 
application . Definitions of the most prominently used acro 
nyms that may appear throughout the present application are 
provided below : 
[ 0026 ] UE : User Equipment 
100271 BS : Base Station 
[ 0028 ] DL : Downlink ( from BS to UE ) 
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device ( or combination of devices ) having at least one 
processor that executes instructions from a memory 
medium . 
( 0045 ] User Equipment ( UE ) ( or “ UE Device ” ) any of 
various types of computer systems devices which are mobile 
or portable and which performs wireless communications . 
Examples of UE devices include mobile telephones or smart 
phones ( e . g . , iPhoneTM , AndroidTM - based phones ) , portable 
gaming devices ( e . g . , Nintendo DSTM PlayStation Por 
tableTM , Gameboy AdvanceTM , iPhoneTM ) , laptops , wearable 
devices ( e . g . smart watch , smart glasses ) , PDAs , portable 
Internet devices , music players , data storage devices , or 
other handheld devices , etc . In general , the term “ UE ” or 
“ UE device ” may be broadly defined to encompass any 
electronic , computing , and / or telecommunications device 
( or combination of devices ) which is easily transported by a 
user and capable of wireless communication . 
[ 0046 ] Base Station — The term “ Base Station ” ( also 
called " NB " ) has the full breadth of its ordinary meaning , 
and at least includes a wireless communication station 
installed at a fixed location and used to communicate as part 
of a wireless telephone system or radio system . 
[ 0047 ] Processing Element - refers to various implemen 
tations of digital circuitry that perform a function in a 
computer system . Additionally , processing element may 
refer to various implementations of analog or mixed - signal 
( combination of analog and digital ) circuitry that perform a 
function ( or functions ) in a computer or computer system . 
Processing elements include , for example , circuits such as 
an integrated circuit ( IC ) , ASIC ( Application Specific Inte 
grated Circuit ) , portions or circuits of individual processor 
cores , entire processor cores , individual processors , pro 
grammable hardware devices such as a field programmable 
gate array ( FPGA ) , and / or larger portions of systems that 
include multiple processors . 
[ 0048 ] Channel — a medium used to convey information 
from a sender ( transmitter ) to a receiver . It should be noted 
that since characteristics of the term " channel ” may differ 
according to different wireless protocols , the term “ channel ” 
as used herein may be considered as being used in a manner 
that is consistent with the standard of the type of device with 
reference to which the term is used . In some standards , 
channel widths may be variable ( e . g . , depending on device 
capability , band conditions , etc . ) . For example , LTE may 
support scalable channel bandwidths from 1 . 4 MHz to 20 
MHz . In contrast , WLAN channels may be 22 MHz wide 
while Bluetooth channels may be 1 MHz wide . Other 
protocols and standards may include different definitions of 
channels . Furthermore , some standards may define and use 
multiple types of channels , e . g . , different channels for uplink 
or downlink and / or different channels for different uses such 
as data , control information , etc . 
[ 0049 ] Band — The term “ band ” has the full breadth of its 
ordinary meaning , and at least includes a section of spectrum 
( e . g . , radio frequency spectrum ) in which channels are used 
or set aside for the same purpose . 
10050 ] Automatically — refers to an action or operation 
performed by a computer system ( e . g . , software executed by 
the computer system ) or device ( e . g . , circuitry , program 
mable hardware elements , ASICs , etc . ) , without user input 
directly specifying or performing the action or operation 
Thus the term “ automatically ” is in contrast to an operation 
being manually performed or specified by the user , where 
the user provides input to directly perform the operation . An 

automatic procedure may be initiated by input provided by 
the user , but the subsequent actions that are performed 
“ automatically ” are not specified by the user , i . e . , are not 
performed “ manually ” , where the user specifies each action 
to perform . For example , a user filling out an electronic form 
by selecting each field and providing input specifying infor 
mation ( e . g . , by typing information , selecting check boxes , 
radio selections , etc . ) is filling out the form manually , even 
though the computer system must update the form in 
response to the user actions . The form may be automatically 
filled out by the computer system where the computer 
system ( e . g . , software executing on the computer system ) 
analyzes the fields of the form and fills in the form without 
any user input specifying the answers to the fields . As 
indicated above , the user may invoke the automatic filling of 
the form , but is not involved in the actual filling of the form 
( e . g . , the user is not manually specifying answers to fields 
but rather they are being automatically completed ) . The 
present specification provides various examples of opera 
tions being automatically performed in response to actions 
the user has taken . 
[ 0051 ] Configured to — Various components may be 
described as “ configured to ” perform a task or tasks . In such 
contexts , “ configured to " is a broad recitation generally 
meaning “ having structure that ” performs the task or tasks 
during operation . As such , the component can be configured 
to perform the task even when the component is not cur 
rently performing that task ( e . g . , a set of electrical conduc 
tors may be configured to electrically connect a module to 
another module , even when the two modules are not con 
nected ) . In some contexts , " configured to ” may be a broad 
recitation of structure generally meaning “ having circuitry 
that " performs the task or tasks during operation . As such , 
the component can be configured to perform the task even 
when the component is not currently on . In general , the 
circuitry that forms the structure corresponding to " config 
ured to ” may include hardware circuits . 
0052 ] Various components may be described as perform 
ing a task or tasks , for convenience in the description . Such 
descriptions should be interpreted as including the phrase 
“ configured to . ” Reciting a component that is configured to 
perform one or more tasks is expressly intended not to 
invoke 35 U . S . C . $ 112 ( f ) interpretation for that component . 

FIG . 1 – Wireless Communication System 
[ 0053 ] FIG . 1 illustrates an exemplary wireless cellular 
communication system . It is noted that FIG . 1 represents one 
possibility among many , and that features of the present 
disclosure may be implemented in any of various systems , 
as desired . 
[ 0054 ] As shown , the exemplary wireless communication 
system includes a base station 102 A which communicates 
over a transmission medium with one or more wireless 
devices 106A , 106B , etc . , through 106N . Wireless devices 
may be user devices , which may be referred to herein as 
" user equipment ” ( UE ) or UE devices . 
[ 0055 The base station 102 may be a base transceiver 
station ( BTS ) or cell site , and may include hardware that 
enables wireless communication with the UE devices 106A 
through 106N . The base station 102 may also be equipped to 
communicate with a network 100 ( e . g . , a core network of a 
cellular service provider , a telecommunication network such 
as a public switched telephone network ( PSTN ) , and / or the 
Internet , among various possibilities ) . Thus , the base station 
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CDMA2000 , LTE , LTE - A , WLAN , Wi - Fi , WiMAX or 
GNSS . Other combinations of wireless communication tech 
nologies are also possible . 
[ 0063 ] The UE device 106 may include one or more 
antennas for communicating using one or more wireless 
communication protocols or technologies . In one embodi 
ment , the UE device 106 might be configured to communi 
cate using a single shared radio . The shared radio may 
couple to a single antenna , or may couple to multiple 
antennas ( e . g . , for MIMO ) for performing wireless commu 
nications . Alternatively , the UE device 106 may include two 
or more radios . For example , the UE 106 might include a 
shared radio for communicating using either of LTE or 
1xRTT ( or LTE or GSM ) , and separate radios for commu 
nicating using each of Wi - Fi and Bluetooth . Other configu 
rations are also possible . 

102 may facilitate communication between the UE devices 
106 and / or between the UE devices 106 and the network 
100 . 

[ 0056 ] The communication area ( or coverage area ) of the 
base station 102 may be referred to as a “ cell . ” The base 
station 102 and the UEs 106 may be configured to commu 
nicate over the transmission medium using any of various 
radio access technologies ( RATs ) or wireless communica 
tion technologies , such as GSM , UMTS ( WCDMA , TDS 
CDMA ) , LTE , LTE - Advanced ( LTE - A ) , HSPA , 3GPP2 
CDMA2000 ( e . g . , 1xRTT , 1xEV - DO , HRPD , HRPD ) , 
Wi - Fi , WiMAX etc . 
[ 0057 ] Base station 102 and other similar base stations 
( not shown ) operating according to one or more cellular 
communication technologies may thus be provided as a 
network of cells , which may provide continuous or nearly 
continuous overlapping service to UE devices 106A - N and 
similar devices over a wide geographic area via one or more 
cellular communication technologies . 
[ 0058 ] Thus , while base station 102 may presently repre 
sent a " serving cell ” for wireless devices 106A - N as illus 
trated in FIG . 1 , each UE device 106 may also be capable of 
receiving signals from one or more other cells ( e . g . , cells 
provided by other base stations ) , which may be referred to 
as “ neighboring cells ” . Such cells may also be capable of 
facilitating communication between user devices and / or 
between user devices and the network 100 . 
[ 0059 ] Note that at least in some instances a UE device 
106 may be capable of communicating using multiple wire 
less communication technologies . For example , a UE device 
106 might be configured to communicate using two or more 
of GSM , UMTS , CDMA2000 , WiMAX , LTE , LTE - A , 
WLAN , Bluetooth , one or more global navigational satellite 
systems ( GNSS , e . g . , GPS or GLONASS ) , one and / or more 
mobile television broadcasting standards ( e . g . , ATSC - M / H 
or DVB - H ) , etc . Other combinations of wireless communi 
cation technologies ( including more than two wireless com 
munication technologies ) are also possible . Likewise , in 
some instances a UE device 106 may be configured to 
communicate using only a single wireless communication 
technology . 
[ 0060 ] FIG . 2 illustrates UE device 106 ( e . g . , one of the 
devices 106A through 106N ) in communication with base 
station 102 . The UE device 106 may have cellular commu 
nication capability , and as described above , may be a device 
such as a mobile phone , a hand - held device , a media player , 
a computer , a laptop or a tablet , or virtually any type of 
wireless device . 
[ 0061 ] The UE device 106 may include a processor that is 
configured to execute program instructions stored in 
memory . The UE device 106 may perform any of the method 
embodiments described herein by executing such stored 
instructions . Alternatively , or in addition , the UE device 106 
may include a programmable hardware element such as an 
FPGA ( field - programmable gate array ) , or other circuitry , 
that is configured to perform any of the method embodi 
ments described herein , or any portion of any of the method 
embodiments described herein . 
[ 0062 ] In some embodiments , the UE device 106 may be 
configured to communicate using any of multiple radio 
access technologies and / or wireless communication proto 
cols . For example , the UE device 106 may be configured to 
communicate using one or more of GSM , UMTS , 

FIG . 3 — Example Block Diagram of a UE 
[ 0064 ] FIG . 3 illustrates a block diagram of a UE 106 in 
accordance with some embodiments . As shown , the UE 106 
may include a system on chip ( SOC ) 300 , which may 
include portions for various purposes . For example , as 
shown , the SOC 300 may include processor ( s ) 302 which 
may execute program instructions for the UE 106 , and 
display circuitry 304 which may perform graphics process 
ing and provide display signals to the display 340 . The 
processor ( s ) 302 may also be coupled to memory manage 
ment unit ( MMU ) 340 , which may be configured to receive 
addresses from the processor ( s ) 302 and translate those 
addresses to locations in memory ( e . g . , memory 306 , read 
only memory ( ROM ) 350 , NAND flash memory 310 ) . The 
MMU 340 may be configured to perform memory protection 
and page table translation or set up . In some embodiments , 
the MMU 340 may be included as a portion of the processor 
( s ) 302 . 
100651 The UE 106 may also include other circuits or 
devices , such as the display circuitry 304 , radio 330 , con 
nector I / F 320 , and / or display 340 . 
10066 ] In the embodiment shown , ROM 350 may include 
a bootloader , which may be executed by the processor ( s ) 302 
during boot up or initialization . As also shown , the SOC 300 
may be coupled to various other circuits of the UE 106 . For 
example , the UE 106 may include various types of memory 
( e . g . , including NAND flash 310 ) , a connector interface 320 
( e . g . , for coupling to a computer system ) , the display 340 , 
and wireless communication circuitry ( e . g . , for communi 
cation using LTE , CDMA2000 , Bluetooth , WiFi , GPS , etc . ) . 
100671 The UE device 106 may include at least one 
antenna , and in some embodiments multiple antennas , for 
performing wireless communication with base stations and / 
or other devices . For example , the UE device 106 may use 
antenna 335 to perform the wireless communication . As 
noted above , the UE may in some embodiments be config 
ured to communicate wirelessly using a plurality of wireless 
communication standards . 
[ 0068 ] As described herein , the UE 106 may include 
hardware and software components for implementing the 
features described herein . For example , the processor ( s ) 302 
of the UE 106 may be configured to implement part or all of 
the features described herein , e . g . , by executing program 
instructions stored on a memory medium ( e . g . , a non 
transitory computer - readable memory medium ) . Alterna 
tively ( or in addition ) , processor ( s ) 302 may be configured 
as a programmable hardware element , such as an FPGA 
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( Field Programmable Gate Array ) , or as an ASIC ( Applica 
tion Specific Integrated Circuit ) . Alternatively ( or in addi 
tion ) the processor ( s ) 302 of the UE 106 , in conjunction with 
one or more of the other components 300 , 304 , 306 , 310 , 
320 , 330 , 335 , 340 , and 350 may be configured to implement 
part or all of the features described herein . 
[ 0069 ] In addition , as described herein , processor ( s ) 302 
may be comprised of one or more processing elements . In 
other words , one or more processing elements may be 
included in processor ( s ) 302 . Thus , processor ( s ) 302 may 
include one or more integrated circuits ( ICs ) that are con 
figured to perform the functions of processor ( s ) 302 . In 
addition , each integrated circuit may include circuitry ( e . g . , 
first circuitry , second circuitry , etc . ) configured to perform 
the functions of processor ( s ) 204 . 
[ 0070 ] Further , as described herein , radio 330 may be 
comprised of one or more processing elements . In other 
words , one or more processing elements may be included in 
radio 330 . Thus , radio 330 may include one or more inte 
grated circuits ( ICs ) that are configured to perform the 
functions of radio 330 . In addition , each integrated circuit 
may include circuitry ( e . g . , first circuitry , second circuitry , 
etc . ) configured to perform the functions of radio 330 . 

included in processor ( s ) 404 . Thus , processor ( s ) 404 may 
include one or more integrated circuits ( ICs ) that are con 
figured to perform the functions of processor ( s ) 404 . In 
addition , each integrated circuit may include circuitry ( e . g . , 
first circuitry , second circuitry , etc . ) configured to perform 
the functions of processor ( s ) 404 . 
[ 0076 ] Further , as described herein , radio 430 may be 
comprised of one or more processing elements . In other 
words , one or more processing elements may be included in 
radio 430 . Thus , radio 430 may include one or more inte 
grated circuits ( ICs ) that are configured to perform the 
functions of radio 430 . In addition , each integrated circuit 
may include circuitry ( e . g . , first circuitry , second circuitry , 
etc . ) configured to perform the functions of radio 430 . 

FIG . 4 Base Station 
[ 0071 ] FIG . 4 illustrates a base station 102 in accordance 
with some embodiments . It is noted that the base station of 
FIG . 4 is merely one example of a possible base station . As 
shown , the base station 102 may include processor ( s ) 404 
which may execute program instructions for the base station 
102 . The processor ( s ) 404 may also be coupled to memory 
management unit ( MMU ) 440 , which may be configured to 
receive addresses from the processor ( s ) 404 and translate 
those addresses to locations in memory ( e . g . , memory 460 
and read only memory ( ROM ) 450 ) or to other circuits or 
devices . 
[ 0072 ] The base station 102 may include at least one 
network port 470 . The network port 470 may be configured 
to couple to a telephone network and provide a plurality of 
devices , such as UE devices 106 , access to the telephone 
network as described above . 
[ 0073 ] The network port 470 ( or an additional network 
port ) may also or alternatively be configured to couple to a 
cellular network , e . g . , a core network of a cellular service 
provider . The core network may provide mobility related 
services and / or other services to a plurality of devices , such 
as UE devices 106 . In some cases , the network port 470 may 
couple to a telephone network via the core network , and / or 
the core network may provide a telephone network ( e . g . , 
among other UE devices serviced by the cellular service 
provider ) . 
[ 0074 ] The base station 102 may include a radio 430 , a 
communication chain 432 and at least one antenna 434 . The 
base station may be configured to operate as a wireless 
transceiver and may be further configured to communicate 
with UE devices 106 via radio 430 , communication chain 
432 and the at least one antenna 434 . Communication chain 
432 may be a receive chain , a transmit chain or both . The 
radio 430 may be configured to communicate via various 
RATs , including , but not limited to , GSM , UMTS , LTE , 
WCDMA , CDMA2000 , WiMAX , etc . 
[ 0075 ] In addition , as described herein , processor ( s ) 404 
may be comprised of one or more processing elements . In 
other words , one or more processing elements may be 

Channels in LTE 
[ 0077 ] LTE uses various channels so that data can be 
transported across the LTE radio interface . These channels 
are used to segregate the different types of data and allow 
them to be transported across the radio access network in an 
orderly fashion . The different channels effectively provide 
interfaces to the higher layers within the LTE protocol 
structure , and enable an orderly and defined segregation of 
the data . 
[ 0078 ] There are three categories or types of LTE data 
channels as follows . 
[ 0079 ] Physical channels : These are transmission channels 
that carry user data and control messages . 
[ 0080 ] Transport channels : The physical layer transport 
channels offer information transfer to Medium Access Con 
trol ( MAC ) and higher layers . 
[ 0081 ] Logical channels : Provide services for the Medium 
Access Control ( MAC ) layer within the LTE protocol struc 
ture . 
[ 0082 ] LTE defines a number of physical downlink chan 
nels to carry information from the base station to the UE . 
The LTE downlink comprises a physical downlink shared 
channel ( PDSCH ) , a physical downlink control channel 
( PDCCH ) , and a physical hybrid automatic repeat request 
( HARQ ) indicator channel ( PHICH ) . The PDSCH is the 
downlink channel that carries all user data and all signaling 
messages . The PDSCH is the main data bearing channel 
which is allocated to users on a dynamic and opportunistic 
basis . The PDCCH carries the layer one control for the 
shared channel . Thus , the PDSCH is the key channel for 
communicating information to the UE , and the PDCCH 
communicates metadata for the information , e . g . , " who " the 
data is for , " what ” data is sent , and “ how ” the data is sent 
over the air in the PDSCH . Further , the PHICH is the 
downlink channel that carries HARQ acknowledgments 
( ACK / NACK ) for uplink data tranfers . 
[ 0083 ] LTE also defines a number of physical uplink 
channels to carry information from the UE to the base 
station . The LTE uplink comprises a physical uplink shared 
channel ( PUSCH ) and a physical uplink control channel 
( PUCCH ) . The PUSCH is the uplink counterpart to the 
PDSCH . The PUCCH provides the various control signaling 
requirements for uplink communications including carrying 
the channel quality indicator ( CRI ) , the rank indicator ( RI ) , 
and the pre - coding matrix indicator ( PMI ) , as well as , 
HARQ acknowledgments ( ACK / NACK ) . 
[ 0084 ] As described above , in LTE the base station ( eNB ) 
assigns UL resources using the PDCCH , wherein this 
assignment of resources is called a UL grant . The UL grant 
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may be a type of persistent UL grant such as a semi 
persistent scheduling ( SPS ) UL grant . The persistent or 
semi - persistent UL grant may be configured by radio 
resource control ( RRC ) layer signaling and the UE may be 
configured with SPS by the base station , and then the base 
station may activate the UE to use SPS . Persistent or 
semi - persistent UL grants , such as SPS , allows for a persis 
tent , periodic UL grant . Thus , the UE may transmit new 
information periodically without receiving a new UL grant 
for each transmission . Alternatively , the UL grant may be for 
a specified amount of information , and the base station may 
send additional UL grants based on scheduling requests from 
the UE . 

able to fully comply with the scheduling requirements of 
FD - FDD and may blank sub - frames in order to conserve 
power . Thus , if the UE has a real time data packet session , 
such as a voice over LTE ( VOLTE ) session ( or call ) , the UE 
may drop data packet transmissions which may lead to 
incomplete data transmissions during the session . 
[ 0088 ] Described herein are systems , methods , and appa 
ratuses that , depending on radio conditions and applications , 
allow a device ( e . g . , a device such as UE 106 ) to operate 
with differing modes of operation ( duty cycles ) within the 
context of current 3GPP standards . 

Power Constrained Devices 
[ 0085 ] As described above , a device which is peak current 
limited ( i . e . , a device that has limited battery and / or limited 
power amplifier capability ) may not able to transmit con 
tinuously in the UL , e . g . , it can transmit only on a low duty 
cycle . A device may be peak current limited ( or power 
constrained ) because of the size of its battery ( e . g . , the 
device may only have a finite amount of current that may be 
drawn from the batter ) and / or because it is link budget 
constrained ( or limited ) . In other words , to maintain con - 
nectivity with a base station , a power amplifier of the device 
may need to operate at maximum power . However , because 
the device may have a small battery or may have a link 
budget constraint , the power amplifier may not be able to 
operate continuously at maximum power . In other words , 
when operating a maximum power , the power amplifier may 
only be able to operate at a lower duty cycle . Thus , the 
device may need to blank ( e . g . , not transmit ) some sched 
uled UL sub - frames because the device may not be able to 
sustain continuous transmission as expected by the base 
station ( or network ) . In response , a base station scheduler 
( other network scheduling entity such as a mobile manage 
ment entity ) , not aware of the blanking of scheduled sub 
frames , may react negatively by impacting throughput of the 
device , which may lead to a decreased user experience . 
[ 0086 ] Current standards ( e . g . , 3GPP Release 8 ( i . e . , 
LTE ) ) support both full and half duplex frequency division 
duplex ( FDD ) operation . Full duplex FDD ( FD - FDD ) opera 
tion allows for concurrent transmit and receive in one 
sub - frame . Half duplex FDD ( HD - FDD ) does not allow for 
concurrent transmit and receive in one sub - frame . Further , 
current standards use adaptive HD - FDD , thus , a base station 
scheduler determines when an uplink ( UL ) or downlink 
( DL ) sub - frame is scheduled . Additionally , HD - FDD allows 
a duty cycle of 4 / 8 ( 4 hybrid automatic repeat request 
( HARQ ) process for UL and 4 HARQ processes for DL ) . 
Note that HARQ is a technique used by a receiver to detect 
a corrupted message and to request a new message from the 
sender . Further , HD - FDD may be enabled via radio resource 
control ( RRC ) signaling for UE capabilities between the 
network and the UE during attachment of the UE to a base 
station . In other words , the UE informs the base station 
and / or a mobility management entity ( MME ) of its capa 
bilities once the UE attaches to the network and the UE can 
only report its capabilities again if it detaches and then 
attaches to the network . 
[ 0087 ] Additionally , under current standards , whether the 
UE will be scheduled for HD - FDD or FD - FDD is deter 
mined during attachment when the UE indicates whether it 
supports HD - FDD . In some scenarios , the UE may not be 

FIGS . 5A - 6B : Method for Switching Modes of Operation 
[ 0089 ] FIG . 5A illustrates a method for a user equipment 
device to communicate with a network using differing 
modes of operation in accordance with some embodiments . 
The method shown in FIG . 5A may be used in conjunction 
with any of the systems or devices shown in the above 
Figures , among other devices . In various embodiments , 
some of the method elements shown may be performed 
concurrently , in a different order than shown , or may be 
omitted . In some embodiments the method may be per 
formed by a UE , such as UE 106 . The UE may be a power 
constrained ( peak current limited ) device . Note that addi 
tional method elements may also be performed as desired . 
As shown , this method may operate as follows . 
[ 0090 ] At 502 , a UE ( e . g . , such as UE 106 ) may send first 
information to a network entity . The network entity may be 
a mobility management entity ( MME ) comprised in or 
coupled to a base station ( e . g . , base station 102 ) or may be 
a base station ( e . g . , base station 102 ) . The first information 
may indicate the capabilities of the UE . The capabilities may 
indicate that the UE supports full duplex frequency division 
duplexing ( FD - FDD ) ( full duplex mode of operation ) , half 
duplex FDD ( HD - FDD ) ( half duplex mode of operation ) , or 
both ( although not concurrently ) . In some embodiments the 
capabilities may additionally indicate that the UE is a power 
constrained ( or peak current limited ) device . 
[ 0091 ] At 504 , the UE may receive a first indication based 
on the first information . The first indication may indicate 
that the UE operate according to a first mode of operation 
and , at 506 , the UE may operate according to the first mode 
of operation based on the first indication . In some embodi 
ments , the first mode of operation may be the full duplex 
mode of operation . In some embodiments , the first mode of 
operation may be the half duplex mode of operation . The 
network entity may be configured to detect a first condition . 
The first condition may be various conditions such as an 
initialization of a real time data packet session ( e . g . , a 
VoLTE session ) or receipt of a message from the UE , among 
other conditions . Based on an occurrence of the first con 
dition , the network entity may send a second indication to 
the UE . In some embodiments the indications sent by the 
network entity may be schedules , or other indicators asso 
ciated with one of half - duplex or full - duplex modes of 
operation . The schedule information itself may be sent , or 
the indicators may be associated with predetermined or 
preconfigured schedule information . 
10092 ] At 508 , the UE may receive the second indication 
that is based on the occurrence of the first condition . The 
second indication may indicate that the UE operate accord 
ing to a second mode of operation . 
[ 0093 ] At 510 , the UE may switch to the second mode of 
operation based on the second indication where the second 
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mode of operation is different from the first mode of 
operation . In some embodiments , the second mode of opera 
tion may be the half duplex mode of operation ( e . g . , when 
the first mode of operation may be the full duplex mode of 
operation ) . In some embodiments , the second mode of 
operation may be the full duplex mode of operation ( e . g . , 
when the first mode of operation may be the half duplex 
mode of operation ) . 
[ 0094 ] As mentioned above , in some embodiments , the 
first condition may be an initialization of a real time data 
packet session ( e . g . , a VoLTE session ) that may be detect 
able at ( or by ) the network entity . In such embodiments , the 
first mode of operation may be full duplex operation and the 
second mode of operation may be half duplex operation . 
Additionally , the UE may revert to the first mode of opera 
tion for communications with the network based on an 
occurrence of a second condition that may also be detectable 
by the network entity . In some embodiments , the second 
condition may be a completion of a real time data packet 
session . 
[ 0095 ] As mentioned above , in some embodiments , the 
first condition may be receipt of a message from the UE . In 
such embodiments , the UE may detect that one or more 
radio conditions exceed a threshold and may send a message 
to the network entity in response . The message may be a 
tracking area update and may cause the UE capabilities to be 
deleted at the network entity . The message may be a non 
E - UTRAN ( evolved universal terrestrial radio access net 
work ) message such as a tracking area update message . 
Additionally , the UE may receive a request for second 
information from the network entity based on the occurrence 
of the first condition ( e . g . , receipt of the message ) . The 
second information may indicate updated capabilities of the 
UE . The request may be a radio resource control ( RRC ) level 
request . 
0096 ] FIG . 5B illustrates a processing element including 
modules to communicate with a network using differing 
modes of operation in accordance with some embodiments . 
In some embodiments , antenna 535 may be coupled to 
processing element 564 . The processing element may be 
configured to perform the method described above in refer 
ence to FIG . 5A . In some embodiments , processing element 
564 may include one or more modules , such as modules ( or 
circuitry ) 522 , 524 , 526 , 528 , and 530 , and the modules ( or 
circuitry ) may be configured to perform various steps of the 
method described above in reference to FIG . 5B . In some 
embodiments , the processing element may be included in a 
UE , such as UE 106 described above . In some embodiments , 
the UE may be a power constrained ( peak current limited ) 
device . In some embodiments , the processing element may 
be included in a baseband processor of a UE ( e . g . , the 
processing element may be included in radio 330 of UE 
106 ) . As shown , the modules may be configured as follows . 
[ 0097 ] In some embodiments , processing element 564 
may include a send module 522 configured to send first 
information to a network entity . The network entity may be 
a mobility management entity ( MME ) comprised in or 
coupled to a base station ( e . g . , base station 102 ) or may be 
a base station ( e . g . , base station 102 ) . The first information 
may indicate capabilities of a UE . The capabilities may 
indicate that the UE supports full duplex frequency division 
duplexing ( FD - FDD ) ( full duplex mode of operation ) , half 
duplex FDD ( HD - FDD ) ( half duplex mode of operation ) , or 
both ( although not concurrently ) . In some embodiments the 

capabilities may additionally indicate that the UE is a power 
constrained ( or peak current limited ) device . 
0098 ] In some embodiments , processing element 564 
may include a first receive module 524 configured to receive 
a first indication based on the first information . The first 
indication may indicate that the UE operate according to a 
first mode of operation . 
[ 0099 ] In some embodiments , processing element 564 
may include an operate module 526 configured to operate 
according to the first mode of operation based on the first 
indication . In some embodiments , the first mode of opera 
tion may be the full duplex mode of operation . In some 
embodiments , the first mode of operation may be the half 
duplex mode of operation . The network entity may be 
configured to detect a first condition . The first condition may 
be various conditions such as an initialization of a real time 
data packet session ( e . g . , a VOLTE session ) or receipt of a 
message from the UE , among other conditions . Based on an 
occurrence of the first condition , the network entity may 
send a second indication to the UE . In some embodiments 
the indications sent by the network entity may be schedules , 
or other indicators associated with one of half - duplex or 
full - duplex modes of operation . The schedule information 
itself may be sent , or the indicators may be associated with 
predetermined or preconfigured schedule information . 
[ 0100 ] In some embodiments , processing element 564 
may include a second receive module 528 configured to 
receive the second indication that is based on the occurrence 
of the first condition . The second indication may indicate 
that the UE operate according to a second mode of opera 
tion . 
[ 0101 ] In some embodiments , processing element 564 
may include a switch module 530 configured to switch to the 
second mode of operation based on the second indication 
where the second mode of operation is different from the 
first mode of operation . In some embodiments , the second 
mode of operation may be the half duplex mode of operation 
( e . g . , when the first mode of operation may be the full duplex 
mode of operation ) . In some embodiments , the second mode 
of operation may be the full duplex mode of operation ( e . g . , 
when the first mode of operation may be the half duplex 
mode of operation ) . 
[ 0102 ] Note that in some embodiments , the first condition 
may be an initialization of a real time data packet session 
( e . g . , a VoLTE session ) that may be detectable at ( or by ) the 
network entity . In such embodiments , the first mode of 
operation may be full duplex operation and the second mode 
of operation may be half duplex operation . Additionally , the 
UE may revert to the first mode of operation for communi 
cations with the network based on an occurrence of a second 
condition that may also be detectable by the network entity . 
In some embodiments , the second condition may be a 
completion of a real time data packet session . 
[ 0103 ] In addition , in some embodiments , the first condi 
tion may be receipt of a message from the UE . In such 
embodiments , the UE may detect that one or more radio 
conditions exceed a threshold and may send a message to the 
network entity in response . The message may be a tracking 
area update and may cause the UE capabilities to be deleted 
at the network entity . The message may be a non - E - UTRAN 
( evolved universal terrestrial radio access network ) message 
such as a tracking area update message . Additionally , the UE 
may receive a request for second information from the 
network entity based on the occurrence of the first condition 
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( e . g . , receipt of the message ) . The second information may 
indicate updated capabilities of the UE . The request may be 
a radio resource control ( RRC ) level request . 
[ 0104 ] It is apparent for those skilled in the art that , for the 
particular processes of the modules ( or circuitry ) described 
above ( such as modules 522 , 524 , 526 , 528 , and 530 ) , 
reference may be made to the corresponding steps ( such as 
steps 502 , 504 , 506 , 508 , and 510 , respectively ) in the 
related process embodiment sharing the same concept and 
the reference is regarded as the disclosure of the related 
modules ( or circuitry ) as well . Furthermore , processing 
element 564 may be implemented in software , hardware or 
combination thereof . More specifically , processing element 
564 may be implemented as circuits such as an ASIC 
( Application Specific Integrated Circuit ) , portions or circuits 
of individual processor cores , entire processor cores , indi 
vidual processors , programmable hardware devices such as 
a field programmable gate array ( FPGA ) , and / or larger 
portions of systems that include multiple processors . Addi 
tionally , processing element 564 may be implemented as a 
general - purpose processor such as a CPU , and therefore 
each module can be implemented with the CPU executing 
instructions stored in a memory which perform a respective 
step . 
10105 ] FIG . 6A illustrates a method for a network entity to 
schedule a wireless device for differing modes of operation 
in accordance with some embodiments . The method shown 
in FIG . 6A may be used in conjunction with any of the 
systems or devices shown in the above Figures , among other 
devices . In various embodiments , some of the method 
elements shown may be performed concurrently , in a dif 
ferent order than shown , or may be omitted . In some 
embodiments the method may be performed by a base 
station , base station scheduler , or a mobile management 
entity , among other network entities . The wireless device 
may be a UE , such as UE 106 . The wireless device may be 
a power constrained ( peak current limited ) device . Note that 
additional method elements may also be performed as 
desired . As shown , this method may operate as follows . 
f0106 ] At 602 , the network entity may receive first infor 
mation from a wireless device . The first information may 
indicate capabilities of the wireless device , such as whether 
the wireless device supports FD - FDD and / or HD - FDD and 
whether the wireless device is a power constrained device , 
among other capabilities . 
[ 0107 ] At 604 , the network entity may send a first indi 
cation based on the first information to the wireless device . 
The first indication may indicate a first mode of operation for 
the wireless device . In some embodiments , the first mode of 
operation may be FD - FDD . In other embodiments , the first 
mode of operation may be HD - FDD . 
[ 0108 ] At 606 , the network entity may detect an occur 
rence of a first condition . The first condition may be an 
initialization of a real time data packet session ( e . g . , a 
VOLTE session ) between the wireless device and the net 
work or may be the receipt of a message from the wireless 
device that may trigger the network entity to request updated 
capabilities from the wireless device . In some embodiments , 
in response to receipt of the message from the wireless 
device , the network entity may delete all capabilities of the 
wireless device prior to requesting updated capabilities . 
[ 0109 ] At 608 , the network entity may send a second 
indication based on the detection of the occurrence of the 
first condition . The second indication may indicate a second 

mode of operation for the wireless device that is different 
from the first mode of operation . In embodiments in which 
the first condition is the initialization of a real time data 
packet session , the second indication may cause the wireless 
device to switch from FD - FDD operation to HD - FDD 
operation . In embodiments in which the first condition is 
receipt of a message from the wireless device , the second 
indication may cause the wireless device to switch from 
HD - FDD operation to FD - FDD operation . In some embodi 
ments the indications sent by the network entity may be 
schedules , or other indicators associated with one of half 
duplex or full - duplex modes of operation . The schedule 
information itself may be sent , or the indicators may be 
associated with predetermined or preconfigured schedule 
information . 
[ 0110 ] In further embodiments , the network entity may 
detect an occurrence of a second condition , such as a 
completion or termination of a real time data packet session 
or receipt of another message from the wireless device , 
among other second conditions . In response to the occur 
rence of the second condition , the network entity may send 
a third indication to the wireless device indicating that the 
wireless device reverts back to operation according to the 
first mode of operation . 
[ 0111 ] FIG . 6B illustrates a processing element including 
modules to schedule a wireless device for differing modes of 
operation in accordance with some embodiments . In some 
embodiments , antenna 635 may be coupled to processing 
element 664 . The processing element may be configured to 
perform the method described above in reference to FIG . 
6A . In some embodiments , processing element 664 may 
include one or more modules , such as modules ( or circuitry ) 
622 , 624 , 626 , and 628 , and the modules ( or circuitry ) may 
be configured to perform various steps of the method 
described above in reference to FIG . 6B . In some embodi 
ments , the processing element may be included in a network 
entity , such as base station 102 described above . In some 
embodiments , the wireless device being scheduled may be a 
power constrained ( peak current limited ) device . In some 
embodiments , the processing element may be included in a 
baseband processor of a base station ( e . g . , the processing 
element may be included in radio 430 of base station 102 ) . 
As shown , the modules may be configured as follows . 
[ 0112 ] In some embodiments , processing element 664 
may include a receive module 622 configured to receive first 
information from a wireless device . The first information 
may indicate capabilities of the wireless device , such as 
whether the wireless device supports FD - FDD and / or HD 
FDD and whether the wireless device is a power constrained 
device , among other capabilities . 
[ 0113 ] In some embodiments , processing element 664 
may include a first send module 624 configured to send a 
first indication based on the first information to the wireless 
device . The first indication may indicate a first mode of 
operation for the wireless device . In some embodiments , the 
first mode of operation may be FD - FDD . In other embodi 
ments , the first mode of operation may be HD - FDD . 
[ 0114 ] In some embodiments , processing element 664 
may include a detect module 626 configured to detect an 
occurrence of a first condition . The first condition may be an 
initialization of a real time data packet session ( e . g . , a 
VOLTE session ) between the wireless device and the net 
work or may be the receipt of a message from the wireless 
device that may trigger a request for updated capabilities 
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from the wireless device . In some embodiments , in response 
to receipt of the message from the wireless device , all 
capabilities of the wireless device may be deleted prior to 
requesting updated capabilities . 
[ 0115 ] In some embodiments , processing element 664 
may include a second send module 628 configured to send 
a second indication based on the detection of the occurrence 
of the first condition . The second indication may indicate a 
second mode of operation for the wireless device that is 
different from the first mode of operation . In embodiments 
in which the first condition is the initialization of a real time 
data packet session , the second indication may cause the 
wireless device to switch from FD - FDD operation to HD 
FDD operation . In embodiments in which the first condition 
is receipt of a message from the wireless device , the second 
indication may cause the wireless device to switch from 
HD - FDD operation to FD - FDD operation . In some embodi 
ments the indications sent may be schedules , or other 
indicators associated with one of half - duplex or full - duplex 
modes of operation . The schedule information itself may be 
sent , or the indicators may be associated with predetermined 
or preconfigured schedule information . 
[ 0116 ] In further embodiments , an occurrence of a second 
condition may be detected , such as a completion or termi 
nation of a real time data packet session or receipt of another 
message from the wireless device , among other second 
conditions . In response to the occurrence of the second 
condition , a third indication may be sent to the wireless 
device indicating that the wireless device reverts back to 
operation according to the first mode of operation . 
10117 ] It is apparent for those skilled in the art that , for the 
particular processes of the modules ( or circuitry ) described 
above ( such as modules 622 , 624 , 626 , and 628 ) , reference 
may be made to the corresponding steps ( such as steps 602 , 
604 , 606 , and 608 , respectively ) in the related process 
embodiment sharing the same concept and the reference is 
regarded as the disclosure of the related modules ( or cir 
cuitry ) as well . Furthermore , processing element 664 may be 
implemented in software , hardware or combination thereof . 
More specifically , processing element 664 may be imple 
mented as circuits such as an ASIC ( Application Specific 
Integrated Circuit ) , portions or circuits of individual proces 
sor cores , entire processor cores , individual processors , 
programmable hardware devices such as a field program 
mable gate array ( FPGA ) , and / or larger portions of systems 
that include multiple processors . Additionally , processing 
element 664 may be implemented as a general - purpose 
processor such as a CPU , and therefore each module can be 
implemented with the CPU executing instructions stored in 
a memory which perform a respective step . 

medium stores program instructions , where the processor is 
configured to read and execute the program instructions 
from the memory medium , where the program instructions 
are executable to implement a method , e . g . , any of the 
various method embodiments described herein ( or , any 
combination of the method embodiments described herein , 
or , any subset of any of the method embodiments described 
herein , or , any combination of such subsets ) . The device 
may be realized in any of various forms . 
[ 0120 ] In some embodiments a network entity may com 
prise a radio and a processing element operatively coupled 
to the radio . The network entity may be configured to receive 
first information from a wireless device , send a first indica 
tion based on the first information to the wireless device , 
detect an occurrence of a first condition , and send a second 
indication based on the detection of the occurrence of the 
first condition . The first information may indicate capabili 
ties of the wireless device . The first indication may indicate 
a first mode of operation for the wireless device and the first 
mode of operation may be one of full duplex and half duplex 
operation . The second indication may indicate a second 
mode of operation for the wireless device , the second mode 
of operation may be different from the first mode of opera 
tion , and the second mode of operation may be one of full 
duplex and half duplex operation . In some embodiments , the 
first mode of operation may be full duplex operation and the 
second mode of operation may be half duplex operation . In 
some embodiments , the first condition may be an initializa 
tion of a real time data packet session . In some embodi 
ments , the first condition may be receiving a first message 
from the wireless device . 
[ 0121 ] In some embodiments a network entity may com 
prise a radio and a processing element operatively coupled 
to the radio . The network entity may be configured to receive 
first information from a wireless device receive first infor 
mation from the wireless device indicating capabilities of 
the wireless device , send a first indication to the wireless 
device for the wireless device to operate according to a full 
duplex mode of operation , detect a first condition , and send , 
based on the detection of the first condition , a second 
indication to the wireless device for the wireless device to 
operate according to a half duplex mode of operation . In 
some embodiments , the capabilities may comprise one or 
more of a first parameter that indicates that the wireless 
device supports half duplex operation and a second param 
eter that indicates that the wireless device is a power 
constrained device . In some embodiments , the first condition 
may be a real time data packet session and , in some 
embodiments , the real time data packet session may com 
prise a voice over LTE ( VOLTE ) session . In some embodi 
ments , the network entity may be further configured to 
detect a second condition subsequent to detection of the first 
condition and send , based on the detection of the second 
condition , a third indication to the wireless device for the 
wireless device to operate according to full duplex opera 
tion . In some embodiments , the second condition may be a 
completion of a real time data packet session . 
[ 0122 ] In some embodiments a network entity may com 
prise a radio and a processing element operatively coupled 
to the radio . The network entity may be configured to receive 
first information from a wireless device receive first infor 
mation from the wireless device indicating capabilities of 
the wireless device , send a first indication to the wireless 
device for the wireless device to operate according to a half 

Further Embodiments 
[ 0118 ] In some embodiments , a non - transitory computer 
readable memory medium may be configured so that it 
stores program instructions and / or data , where the program 
instructions , if executed by a computer system , cause the 
computer system to perform a method , e . g . , any of a method 
embodiments described herein , or , any combination of the 
method embodiments described herein , or , any subset of any 
of the method embodiments described herein , or , any com 
bination of such subsets . 
[ 0119 ] In some embodiments , a device ( e . g . , a UE 106 ) 
may be configured to include a processor ( or a set of 
processors ) and a memory medium , where the memory 
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duplex mode of operation , receive first information from a 
wireless device indicating capabilities of the wireless 
device , receive second information from the wireless device 
indicating updated capabilities of the wireless device , and 
send , based on the received second information , a second 
indication to the wireless device for the wireless device to 
operate according to a full duplex mode of operation . In 
some embodiments , the network entity may be further 
configured to receive a first message from the wireless 
device and request the second information in response to the 
first message . The first message may be a tracking area 
update . In some embodiments , the network entity may be 
configured to delete wireless device capabilities in response 
to the first message . The request may be at radio resource 
control ( RRC ) level . In some embodiments , the first infor 
mation may be received based on radio conditions meeting 
a threshold . 
[ 0123 ] In some embodiments , a user equipment device 
( UE ) may comprise at least one antenna , at least one radio 
configured to perform cellular communication using at least 
one radio access technology ( RAT ) , and one or more pro 
cessors coupled to the at least one radio and configured to 
perform voice and / or data communications . The UE may be 
configured to send first information to an entity of a network 
indicating capabilities of the UE , receive , from the entity , a 
first indication based on the first information from the entity , 
operate according to a half duplex mode of operation based 
on the first indication , send second information to the entity 
indicating updated capabilities of the UE , receive , from the 
entity , a second indication based the second information , and 
switch to a full duplex mode of operation based on the 
second indication . In some embodiments , the UE may be 
further configured to determine that one or more radio 
conditions meet a threshold and send the second information 
based on the one or more radio conditions meeting the 
threshold . In some embodiments , the UE may be further 
configured to send a first message to the entity and the entity 
may be configured to request the second information in 
response to the first message . The first message may be a 
tracking area update . In some embodiments , the entity may 
be further configured to delete UE capabilities in response to 
the first message . 
[ 0124 ] Although the embodiments above have been 
described in considerable detail , numerous variations and 
modifications will become apparent to those skilled in the art 
once the above disclosure is fully appreciated . It is intended 
that the following claims be interpreted to embrace all such 
variations and modifications . 

in response to the tracking area update message , 
receive , from the network , a request for information 
including second UE capabilities ; 

transmit , to the network , the second UE capabilities ; 
and 

operate according to a second mode of operation while 
in communication with the network , wherein the 
second mode of operation is based on the second UE 
capabilities . 

2 . The apparatus of claim 1 , 
wherein the tracking area update message is transmitted in 

response to detecting that one or more radio conditions 
exceed a threshold . 

3 . The apparatus of claim 1 , 
wherein the second UE capabilities include updates to the 

first UE capabilities . 
4 . The apparatus of claim 1 , 
wherein the first mode of operation is a full duplex 

frequency division duplexing ( FD - FDD ) mode of 
operation . 

5 . The apparatus of claim 1 , 
wherein the second mode of operation is a half duplex 

frequency division duplexing ( HD - FDD ) mode of 
operation . 

6 . The apparatus of claim 1 , 
wherein the tracking area update message causes deletion 

of the first UE capabilities at the network . 
7 . The apparatus of claim 1 , 
wherein at least the tracking area update message enables 

the apparatus to operate using differing modes of 
operation without detaching from a network . 

8 . A non - transitory computer readable memory medium 
storing program instructions executable by a processor of a 
user equipment device ( UE ) to : 

signal , during attachment to a network , first UE capabili 
ties to the network ; 

operate according to a first mode of operation while in 
communication with the network , wherein the first 
mode of operation is based on the first UE capabilities ; 

transmit , to the network , a tracking area update message ; 
in response to the tracking area update message , receive , 

from the network , a request for information including 
second UE capabilities ; 

transmit , to the network , the second UE capabilities ; and 
operate according to a second mode of operation while in 

communication with the network , wherein the second 
mode of operation is based on the second UE capabili 
ties . 

9 . The non - transitory computer readable memory medium 
of claim 8 , 

wherein the tracking area update message is transmitted in 
response to detecting that one or more radio conditions 
exceed a threshold . 

10 . The non - transitory computer readable memory 
medium of claim 8 , 

wherein the second UE capabilities include updates to the 
first UE capabilities . 

11 . The non - transitory computer readable memory 
medium of claim 8 , 

wherein the first mode of operation is a full duplex 
frequency division duplexing ( FD - FDD ) mode of 
operation . 

12 . The non - transitory computer readable memory 
medium of claim 8 , 

What is claimed is : 
1 . An apparatus , comprising : 
a memory ; and 
one or more processors in communication with the 
memory , wherein the one or more processors are con 
figured to : 
signal , during attachment to a network , first user equip 
ment device ( UE ) capabilities to the network ; 

operate according to a first mode of operation while in 
communication with the network , wherein the first 
mode of operation is based on the first UE capabili 
ties ; 

transmit , to the network , a tracking area update mes 
sage ; 
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in response to the tracking area update message , 
receive , from the network , a request for information 
including second UE capabilities ; 

transmit , to the network , the second UE capabilities ; 
and 

wherein the second mode of operation is a half duplex 
frequency division duplexing ( HD - FDD ) mode of 
operation . 

13 . The non - transitory computer readable memory 
medium of claim 8 , 

wherein the tracking area update message causes deletion 
of the first UE capabilities at the network . 

14 . The non - transitory computer readable memory 
medium of claim 8 , 

wherein at least the tracking area update message enables 
the UE to operate using differing modes of operation 
without detaching from a network . 

15 . A user equipment device ( UE ) , comprising : 
at least one antenna ; 
at least one radio , wherein the at least one radio is 

configured to perform cellular communication using at 
least one radio access technology ( RAT ) ; 

one or more processors coupled to the at least one radio , 
wherein the one or more processors and the at least one 
radio are configured to perform voice and / or data 
communications ; 

wherein the one or more processors are configured to 
cause the UE to : 
signal , during attachment to a network , first UE capa 

bilities to the network ; 
operate according to a first mode of operation while in 

communication with the network , wherein the first 
mode of operation is based on the first UE capabili 
ties ; 

transmit , to the network , a tracking area update mes 
sage ; 

operate according to a second mode of operation while 
in communication with the network , wherein the 
second mode of operation is based on the second UE 
capabilities . 

16 . The UE of claim 15 , 
wherein the tracking area update message is transmitted in 

response to detecting that one or more radio conditions 
exceed a threshold . 

17 . The UE of claim 15 , 
wherein the second UE capabilities include updates to the 

first UE capabilities . 
18 . The UE of claim 15 , 
wherein the first mode of operation is a full duplex 

frequency division duplexing ( FD - FDD ) mode of 
operation . 

19 . The UE of claim 15 , 
wherein the second mode of operation is a half duplex 

frequency division duplexing ( HD - FDD ) mode of 
operation . 

20 . The UE of claim 15 , 
wherein at least the tracking area update message enables 

the UE to operate using differing modes of operation 
without detaching from a network . 


