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with the base unit using the first set of beams in response to 
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BEAM RECOVERY PROCEDURE 
CROSS - REFERENCE TO RELATED 

APPLICATIONS 
[ 0001 ] This application claims priority to U . S . Provisional 
Patent Application No . 62 / 610 , 916 entitled “ Efficient 
Recovery from Beam Failure ” and filed on Dec . 27 , 2017 for 
Prateek Basu Mallick , Joachim Löhr , Hyejung Jung and 
Alexander Johann Maria Golitschek Edler von Elbwart , 
which is incorporated herein by reference . 

FIELD 

[ 0002 ] The subject matter disclosed herein relates gener 
ally to wireless communications and more particularly 
relates to the handling of beam failure at a UE . 

BACKGROUND 
[ 0003 ] The following abbreviations are herewith defined , 
at least some of which are referred to within the following 
description . 
[ 0004 The following abbreviations are herewith defined , 
at least some of which are referred to within the following 
description : Third Generation Partnership Project ( “ 3GPP ” ) , 
Fifth - Generation Core ( “ 5GC ” ) , Access and Mobility Man 
agement Function ( “ AMF ” ) , Access Point Name ( “ APN ” ) , 
Access Stratum ( “ AS ” ) , Bandwidth Adaptation ( “ BA ” ) , 
Bandwidth Part ( “ BWP ” ) , Beam Failure Detection ( “ BFD ” ) , 
Beam Failure Recovery Request ( “ BFRR ” ) , Binary Phase 
Shift Keying ( “ BPSK ” ) , Buffer Status Report ( “ BSR ” ) , 
Block Error Rate ( “ BLER ” ) , Carrier Aggregation ( " CA ” ) , 
Cell - Specific Radio Network Temporary Identifier ( “ C 
RNTI ” ) , Clear Channel Assessment ( “ CCA ” ) , Cyclic Prefix 
( “ CP ” ) , Control Element ( “ CE ” ) , Cyclical Redundancy 
Check ( “ CRC ” ) , Channel State Information ( “ CSI ” ) , Com 
mon Search Space ( “ CSS " ) , Data Radio Bearer ( “ DRB , ” 
e . g . , carrying user plane data ) , Demodulation Reference 
Signal ( “ DM - RS ” ) , Discrete Fourier Transform Spread 
( “ DFTS ” ) , Downlink Control Information ( “ DCI ” ) , Down 
link ( “ DL ” ) , Downlink Pilot Time Slot ( “ DwPTS ” ) , 
Enhanced Clear Channel Assessment ( “ ECCA ” ) , Enhanced 
Licensed Assisted Access ( “ LAA ” ) , Enhanced Mobile 
Broadband ( “ CMBB ” ) , Evolved Node B ( “ ENB ” ) , Evolved 
Packet Core ( " EPC ” ) , Evolved UMTS Terrestrial Radio 
Access Network ( “ E - UTRAN ” ) , Frame Based Equipment 
( “ FBE ” ) , Frequency Division Duplex ( “ FDD ” ) , Frequency 
Division Multiple Access ( “ FDMA ” ) , Frequency Division 
Orthogonal Cover Code ( “ FD - OCC ” ) , Guard Period ( “ GP ” ) , 
General Packet Radio Service ( “ GPRS ” ) , Global System for 
Mobile Communications ( “ GSM ” ) , Hybrid Automatic 
Repeat Request ( “ HARQ ” ) , Internet - of - Things ( “ IoT ” ) , 
Licensed Assisted Access ( “ LAA ” ) , Load Based Equipment 
( “ LBE ” ) , Listen - Before - Talk ( “ LBT ” ) , Logical Channel 
( " LCH ” ) , Long Term Evolution ( " LTE ” ) , Multiple Access 
( “ MA ” ) , Medium Access Control ( “ MAC ” ) , Master Cell 
Group ( “ MCG ” ) , Modulation Coding Scheme ( “ MCS ” ) , 
Machine Type Communication ( “ MTC ” ) , Mobility manage 
ment Entity ( “ MME ” ) , Multiple Input Multiple Output 
( " MIMO ” ) , Multi User Shared Access ( “ MUSA ” ) , Narrow 
band ( “ NB ” ) , Next Generation ( e . g . , 5G ) Node - B ( “ gNB ” ) , 
Next Generation Radio Access Network ( “ NG - RAN ” ) , New 
Radio ( “ NR ” , e . g . , 5G radio access ) , New Data Indicator 
( “ NDP ” ) , Non - Orthogonal Multiple Access ( “ NOMA ” ) , 
Orthogonal Frequency Division Multiplexing ( " OFDM ” ) , 

Packet Data Convergence Protocol ( " PDCP ” ) , Primary Cell 
( “ PCell ” ) , Physical Broadcast Channel ( “ PBCH ” ) , Packet 
Data Network ( “ PDN ” ) , Protocol Data Unit ( “ PDU ” ) , Physi 
cal Downlink Control Channel ( “ PDCCH ” ) , Physical 
Downlink Shared Channel ( “ PDSCH ” ) , Pattern Division 
Multiple Access ( “ PDMA ” ) , Physical Hybrid ARQ Indicator 
Channel ( “ PHICH ” ) , Physical Random Access Channel 
( “ PRACH ” ) , Physical Resource Block ( “ PRB ” ) , Physical 
Uplink Control Channel ( “ PUCCH ” ) , Physical Uplink 
Shared Channel ( “ PUSCH ” ) , Quality of Service ( “ QoS ” ) , 
Quadrature Phase Shift Keying ( “ QPSK ” ) , Radio Link Con 
trol ( “ RLC ” ) , Radio Link Failure ( “ RLF ” ) , Radio Link 
Monitoring ( “ RLM ” ) , Radio Resource Control ( " RRC ” ) , 
Random - Access Procedure ( " RACH ” ) , Random Access 
Response ( “ RAR " ) , Radio Network Temporary Identifier 
( “ RNTI ” ) , Reference Signal ( “ RS ” ) , Reference Signal 
Received Power ( “ RSRP ” ) , Remaining Minimum System 
Information ( “ RMSI ” ) , Resource Block Assignment 
( “ RBA " ) , Resource Spread Multiple Access ( “ RSMA " ) , 
Round Trip Time ( “ RTT ” ) , Receive ( “ RX ” ) , Sparse Code 
Multiple Access ( “ SCMA ” ) , Scheduling Request ( “ SR ” ) , 
Signaling Radio Bearer ( “ SRB , ” e . g . , carrying control plane 
data ) , Single Carrier Frequency Division Multiple Access 
( “ SC - FDMA ” ) , Secondary Cell ( “ SCell ” ) , Secondary Cell 
Group ( “ SCG ” ) , Shared Channel ( “ SCH ” ) , Signal - to - Inter 
ference - Plus - Noise Ratio ( “ SINR ” ) , Serving Gateway 
( “ SGW ” ) , Service Data Unit ( “ SDU ” ) , Sequence Number 
( " SN ” ) , Session Management Function ( “ SMF ” ) , System 
Information Block ( “ SIB ” ) , Synchronization Signal ( “ SS ” ) , 
Transport Block ( “ TB ” ) , Transport Block Size ( “ TB S ” ) , 
Time - Division Duplex ( “ TDD ” ) , Time Division Multiplex 
( “ TDM " ) , Time Division Orthogonal Cover Code ( “ TD 
OCC " ) , Transmission Time Interval ( “ TTI ” ) , Transmit 
( “ TX " ) , Uplink Control Information ( “ UCI ” ) , User Entity / 
Equipment ( Mobile Terminal ) ( “ the UE ” ) , Uplink ( “ UL ” ) , 
User Plane ( “ UP ” ) , Universal Mobile Telecommunications 
System ( “ UMTS ” ) , Uplink Pilot Time Slot ( “ UpPTS ” ) , 
Ultra - reliability and Low - latency Communications 
( " URLLC ” ) , Wireless Local Area Network ( “ WLAN ” ) , and 
Worldwide Interoperability for Microwave Access ( “ Wi 
MAX ” ) . As used herein , " HARQ - ACK ” may represent 
collectively the Positive Acknowledge ( “ ACK ” ) and the 
Negative Acknowledge ( “ NACK ” ) . ACK means that a TB is 
correctly received while NACK ( or NAK ) means a TB is 
erroneously received . 
[ 0005 In 5G mobile communication networks , two physi 
cal layer procedures , namely , Radio Link Monitoring 
( “ RLM ” ) procedure and Link Reconfiguration ( " LR " ) pro 
cedure , ensure that a UE is latched on to the best cell and the 
best beam ( s ) of this cell . The RLM procedure is adopted 
from that used in LTE ( e . g . , 4G mobile communication 
network ) . Under LR procedure , a Beam Failure occurs when 
the BLERs of hypothetical PDCCH associated with the 
configured RS types is above a threshold . 

BRIEF SUMMARY 
[ 0006 ] Methods for the handling of beam failure at a UE 
are disclosed . Apparatuses and systems also perform the 
functions of the methods . 
0007 ] One method ( e . g . , of a UE ) for the handling of 
beam failure at a UE includes communicating with a base 
unit using a first set of beams and detecting beam failure for 
each beam in the first set of beams . The first method includes 
initiating a beam revival procedure in parallel with a beam 
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recovery procedure . Here , the beam recovery procedure 
comprises transmitting a BFRR . The method includes ter 
minating the beam recovery procedure in response to suc 
cessful beam revival of at least one beam in the first set and 
prior to receiving a BFRR response from the base unit and 
re - starting communication with the base unit using the first 
set of beams in response to successful beam revival of at 
least one beam in the first set . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0008 ] A more particular description of the embodiments 
briefly described above will be rendered by reference to 
specific embodiments that are illustrated in the appended 
drawings . Understanding that these drawings depict only 
some embodiments and are not therefore to be considered to 
be limiting of scope , the embodiments will be described and 
explained with additional specificity and detail through the 
use of the accompanying drawings , in which : 
[ 0009 ] FIG . 1 is a schematic block diagram illustrating 
one embodiment of a wireless communication system for 
efficiently recovering from beam failure ; 
[ 0010 ] FIG . 2 illustrates one embodiment of a network 
architecture for recovering from beam failure ; 
[ 0011 ] FIG . 3 is a schematic block diagram illustrating one 
embodiment of a user equipment apparatus for efficiently 
recovering from beam failure ; 
[ 0012 ] FIG . 4 is a schematic block diagram illustrating 
one embodiment of a base station apparatus for efficiently 
recovering from beam failure ; 
10013 ] FIG . 5 is a schematic flow chart diagram illustrat 
ing one embodiment of recovering from beam failure ; 
[ 0014 ] FIG . 6 is a schematic flow chart diagram illustrat 
ing one embodiment of a beam revival procedure incorpo 
rating RLM procedure to recover from beam failure ; and 
[ 0015 . FIG . 7 is a schematic flow chart diagram illustrat 
ing one embodiment of a method for efficiently recovering 
from beam failure . 

and / or non - transmission . The storage devices may not 
embody signals . In a certain embodiment , the storage 
devices only employ signals for accessing code . 
0019 ] Any combination of one or more computer read 
able medium may be utilized . The computer readable 
medium may be a computer readable storage medium . The 
computer readable storage medium may be a storage device 
storing the code . The storage device may be , for example , 
but not limited to , an electronic , magnetic , optical , electro 
magnetic , infrared , holographic , micromechanical , or semi 
conductor system , apparatus , or device , or any suitable 
combination of the foregoing . 
[ 0020 ] More specific examples ( a non - exhaustive list ) of 
the storage device would include the following : an electrical 
connection having one or more wires , a portable computer 
diskette , a hard disk , a random - access memory ( “ RAM ” ) , a 
read - only memory ( “ ROM ” ) , an erasable programmable 
read - only memory ( “ EPROM ” or Flash memory ) , a portable 
compact disc read - only memory ( “ CD - ROM ” ) , an optical 
storage device , a magnetic storage device , or any suitable 
combination of the foregoing . In the context of this docu 
ment , a computer readable storage medium may be any 
tangible medium that can contain or store a program for use 
by or in connection with an instruction execution system , 
apparatus , or device . 
[ 0021 ] Code for carrying out operations for embodiments 
may be any number of lines and may be written in any 
combination of one or more programming languages includ 
ing an object - oriented programming language such as 
Python , Ruby , Java , Smalltalk , C + + , or the like , and con 
ventional procedural programming languages , such as the 
“ C ” programming language , or the like , and / or machine 
languages such as assembly languages . The code may 
execute entirely on the user ' s computer , partly on the user ' s 
computer , as a stand - alone software package , partly on the 
user ' s computer and partly on a remote computer or entirely 
on the remote computer or server . In the latter scenario , the 
remote computer may be connected to the user ' s computer 
through any type of network , including a local area network 
( “ LAN ” ) or a wide area network ( “ WAN ” ) , or the connec 
tion may be made to an external computer ( for example , 
through the Internet using an Internet Service Provider ) . 
10022 ] Reference throughout this specification to “ one 
embodiment , " " an embodiment , ” or similar language means 
that a particular feature , structure , or characteristic described 
in connection with the embodiment is included in at least 
one embodiment . Thus , appearances of the phrases “ in one 
embodiment , ” “ in an embodiment , ” and similar language 
throughout this specification may , but do not necessarily , all 
refer to the same embodiment , but mean “ one or more but 
not all embodiments ” unless expressly specified otherwise . 
The terms “ including , " " comprising , ” “ having , ” and varia 
tions thereof mean “ including but not limited to , ” unless 
expressly specified otherwise . An enumerated listing of 
items does not imply that any or all of the items are mutually 
exclusive , unless expressly specified otherwise . The terms 
“ a , " " an , ” and “ the ” also refer to “ one or more ” unless 
expressly specified otherwise . 
[ 0023 ] Furthermore , the described features , structures , or 
characteristics of the embodiments may be combined in any 
suitable manner . In the following description , numerous 
specific details are provided , such as examples of program 
ming , software modules , user selections , network transac 
tions , database queries , database structures , hardware mod 

DETAILED DESCRIPTION 
[ 0016 ] As will be appreciated by one skilled in the art , 
aspects of the embodiments may be embodied as a system , 
apparatus , method , or program product . Accordingly , 
embodiments may take the form of an entirely hardware 
embodiment , an entirely software embodiment ( including 
firmware , resident software , micro - code , etc . ) or an embodi 
ment combining software and hardware aspects . 
[ 0017 ] For example , the disclosed embodiments may be 
implemented as a hardware circuit comprising custom very 
large - scale integration ( “ VLSI ” ) circuits or gate arrays , 
off - the - shelf semiconductors such as logic chips , transistors , 
or other discrete components . The disclosed embodiments 
may also be implemented in programmable hardware 
devices such as field programmable gate arrays , program 
mable array logic , programmable logic devices , or the like . 
As another example , the disclosed embodiments may 
include one or more physical or logical blocks of executable 
code which may , for instance , be organized as an object , 
procedure , or function . 
[ 0018 ] Furthermore , embodiments may take the form of a 
program product embodied in one or more computer read 
able storage devices storing machine readable code , com 
puter readable code , and / or program code , referred hereafter 
as code . The storage devices may be tangible , non - transitory , 
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ules , hardware circuits , hardware chips , etc . , to provide a 
thorough understanding of embodiments . One skilled in the 
relevant art will recognize , however , that embodiments may 
be practiced without one or more of the specific details , or 
with other methods , components , materials , and so forth . In 
other instances , well - known structures , materials , or opera 
tions are not shown or described in detail to avoid obscuring 
aspects of an embodiment . 
[ 0024 ] Aspects of the embodiments are described below 
with reference to schematic flowchart diagrams and / or sche 
matic block diagrams of methods , apparatuses , systems , and 
program products according to embodiments . It will be 
understood that each block of the schematic flowchart 
diagrams and / or schematic block diagrams , and combina 
tions of blocks in the schematic flowchart diagrams and / or 
schematic block diagrams , can be implemented by code . 
This code may be provided to a processor of a general 
purpose computer , special purpose computer , or other pro 
grammable data processing apparatus to produce a machine , 
such that the instructions , which execute via the processor of 
the computer or other programmable data processing appa 
ratus , create means for implementing the functions / acts 
specified in the flowchart diagrams and / or block diagrams . 
[ 0025 ] The code may also be stored in a storage device 
that can direct a computer , other programmable data pro 
cessing apparatus , or other devices to function in a particular 
manner , such that the instructions stored in the storage 
device produce an article of manufacture including instruc 
tions which implement the function / act specified in the 
flowchart diagrams and / or block diagrams . 
[ 0026 ] The code may also be loaded onto a computer , 
other programmable data processing apparatus , or other 
devices to cause a series of operational steps to be performed 
on the computer , other programmable apparatus or other 
devices to produce a computer implemented process such 
that the code which execute on the computer or other 
programmable apparatus provide processes for implement 
ing the functions / acts specified in the flowchart diagrams 
and / or block diagrams . 
[ 0027 ] The flowchart diagrams and / or block diagrams in 
the Figures illustrate the architecture , functionality , and 
operation of possible implementations of apparatuses , sys 
tems , methods , and program products according to various 
embodiments . In this regard , each block in the flowchart 
diagrams and / or block diagrams may represent a module , 
segment , or portion of code , which includes one or more 
executable instructions of the code for implementing the 
specified logical function ( s ) . 
[ 0028 ] It should also be noted that , in some alternative 
implementations , the functions noted in the block may occur 
out of the order noted in the Figures . For example , two 
blocks shown in succession may , in fact , be executed sub 
stantially concurrently , or the blocks may sometimes be 
executed in the reverse order , depending upon the function 
ality involved . Other steps and methods may be conceived 
that are equivalent in function , logic , or effect to one or more 
blocks , or portions thereof , of the illustrated Figures . 
[ 0029 ] Although various arrow types and line types may 
be employed in the flowchart and / or block diagrams , they 
are understood not to limit the scope of the corresponding 
embodiments . Indeed , some arrows or other connectors may 
be used to indicate only the logical flow of the depicted 
embodiment . For instance , an arrow may indicate a waiting 
or monitoring period of unspecified duration between enu 

merated steps of the depicted embodiment . It will also be 
noted that each block of the block diagrams and / or flowchart 
diagrams , and combinations of blocks in the block diagrams 
and / or flowchart diagrams , can be implemented by special 
purpose hardware - based systems that perform the specified 
functions or acts , or combinations of special purpose hard 
ware and code . 
( 0030 ) The description of elements in each figure may 
refer to elements of proceeding figures . Like numbers refer 
to like elements in all figures , including alternate embodi 
ments of like elements . 
[ 0031 ] With 5G NR , two physical layer procedures , 
namely , Radio Link Monitoring ( “ RLM ” ) procedure and 
Link Reconfiguration ( " LR " ) procedure ensures that the UE 
is latched on to the best cell and beam ( s ) of this cell . By 
ensuring the quality of connected cell and beam ( s ) the data 
transmissions and reception towards the UE may be opti 
mized both when the UE is static and also when it is mobile , 
and its radio channel situation changes quite drastically even 
because of the slightest movement of the UE . The first 
procedure , RLM is already been used in LTE ( the 4th 
generation wireless System ) and is rather stable . The second 
procedure , Link Reconfiguration , leads to Beam Manage 
ment , Beam Failure , and Recovery from Beam Failure . 
Currently , these LR procedures are still being developed and 
there are some uncertainties , as will be discussed later after 
an introduction of the related procedure . 
[ 0032 ] Regarding the Radio Link Monitoring procedure , 
the downlink radio link quality of the Primary Cell ( “ PCell ” ) 
is monitored by a UE for the purpose of indicating Out - of 
Sync / In - Sync status to higher layers . The UE is not required 
to monitor the downlink radio link quality in DL BWPs 
other than the active DL BWP on the PCell . 
[ 0033 ] If the UE is configured with a Secondary Cell 
Group ( " SCG ” ) and the parameter rlf - TimersAndCon 
stantsSCG is provided by the higher layers and is not set to 
release , the downlink radio link quality of the Primary 
Secondary Cell ( “ PSCell ” ) of the SCG is monitored by the 
UE for the purpose of indicating Out - of - Sync / In - Sync status 
to higher layers . Note that Out - of - Sync indications are used 
to communicate physical layer problems to higher layers and 
In - Sync indications are used to communicate physical layer 
recovery to the higher layers . 
[ 0034 ] A UE may be configured for each special cell 
( " SpCell " ) with a set of resource indexes for radio link 
monitoring by higher layer parameter RLM - RS - List . The 
UE is provided by higher layer parameter RLM - RS an 
association between a resource index , from the set of 
resource indexes , with either a CSI - RS resource configura 
tion or a SS / PBCH block . For a CSI - RS resource configu 
ration , the UE is provided a corresponding index by higher 
layer parameter RLM - CSIRS . For a SS / PBCH block , the UE 
is provided a corresponding index by higher layer parameter 
RIM - SSB . 
[ 0035 ] In non - DRX mode operation , the physical layer in 
the UE assess the radio link quality , evaluated over the 
previous time period against thresholds ( Qout and Qin ) con 
figured by higher layer parameter RLM - IS - OOS - threshold 
Config . In DRX mode operation , the physical layer in the 
UE assesses the radio link quality , for example , evaluated 
over a predefined previous time period , against thresholds 
( Qout and lin ) . 
( 0036 ] The physical layer in the UE , in frames where the 
radio link quality is assessed , sends an Out - of - Sync indica 
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tion to higher layers when the radio link quality is worse 
than the threshold Qout for all resources in the set of 
resources for radio link monitoring . When the radio link 
quality is better than the threshold Qin for any resource in the 
set of resources for radio link monitoring , in frames where 
the radio link quality is assessed , then the physical layer in 
the UE also sends an In - Sync indication to the higher layers . 
[ 0037 ] Regarding the Link Reconfiguration procedure , a 
UE may be configured , for a serving cell , with a set qe of 
periodic CSI - RS resource configuration indexes by a first 
higher layer parameter , e . g . , Beam - Failure - Detection - RS 
ResourceConfig , and with a set 7 . of CSI - RS resource 
configuration indexes and / or SS / PBCH block indexes by 
another higher layer parameter , e . g . , Candidate - Beam - RS 
List , for radio link quality measurements on the serving cell . 
In certain embodiments , the UE is not provided with the first 
higher layer parameter , e . g . , Beam - Failure - Detection - RS 
ResourceConfig . In such embodiments , the UE may deter 
mine 7 . to include SS / PBCH blocks and periodic CSI - RS 
configurations with same values for higher layer parameter 
TCI - StatesPDCCH as for control resource sets ( “ CORE 
SETs ” ) with which the UE is configured for monitoring 
PDCCH . 
[ 0038 ] The physical layer in the UE assesses the radio link 
quality according to the set To of resource configurations 
against the threshold Qout . LR . The threshold Qout . IR corre 
sponds to the default value of higher layer parameter RLM 
IS - OOS - thresholdConfig and Beam - failure - candidate 
beam - threshold , respectively . For the set qo , the UE assesses 
the radio link quality according ( e . g . , only according ) to 
periodic CSI - RS resource configurations or SS / PBCH 
blocks that are quasi co - located with the DM - RS of PDCCH 
receptions monitored by the UE . The UE applies the con 
figured Qin me threshold for the periodic CSI - RS resource 
configurations . The UE applies the Qout . LR threshold for 
SS / PBCH blocks after scaling a SS / PBCH block transmis 
sion power with a value provided by higher layer parameter , 
Pc _ SS . 
[ 0039 ] In slots where the radio link quality according to 
the set q , is assessed , the physical layer in the UE provides 
an indication to higher layers when the radio link quality for 
all corresponding resource configurations in the set q . that 
the UE uses to assess the radio link quality is worse than the 
threshold Qout . LR . Also , the UE provides to higher layers 
information identifying a periodic CSI - RS configuration 
index or SS / PBCH block index Inew from the set 71 . 
[ 0040 ] A UE may be configured with one control resource 
set ( “ CORESET ” ) by higher layer parameter Beam - failure 
Recovery - Response - CORESET . The UE may receive a con 
figuration for a PRACH transmission from higher layers , 
e . g . , by parameter Beam - failure - recovery - request - RACH 
Resource . After 4 slots from the slot of the PRACH trans 
mission , the UE monitors PDCCH for a DCI format with 
CRC scrambled by C - RNTI , within a window configured by 
higher layer parameter Beam - failure - recovery - request - win 
dow , and receives PDSCH according to an antenna port 
quasi co - location associated with periodic CSI - RS configu 
ration or SS / PBCH block with index Inew from the set q? , in 
the control resource set configured by higher layer parameter 
Beam - failure - Recovery - Response - CORESET 
[ 0041 ] However , the above described LR beam failure 
recovery procedure does not take into account improvement 
in the radio condition of any of the current set of used Beams 
qo ) . Also , dedicated PRACH resources may not be available 

for use to every UE for all possible Beams where a recovery 
might be anticipated . Moreover , the above described LR 
beam failure recovery procedure does not take into account 
the RLM procedure , leading to ambiguity where one pro 
cedure indicates unsuccessful recovery and the other does 
not . 
[ 0042 ] FIG . 1 depicts a wireless communication system 
100 for the handling of beam failure at a UE , according to 
embodiments of the disclosure . In one embodiment , the 
wireless communication system 100 includes at least one 
remote unit 105 , a radio access network ( " RAN " ) 120 , and 
a mobile core network 140 . The RAN 120 and the mobile 
core network 140 form a mobile communication network . 
The RAN 120 may be composed of a base unit 110 with 
which the remote unit 105 communicates using wireless 
communication links 115 . Even though a specific number of 
remote units 105 , base units 110 , wireless communication 
links 115 , RANs 120 , and mobile core networks 140 are 
depicted in FIG . 1 , one of skill in the art will recognize that 
any number of remote units 105 , base units 110 , wireless 
communication links 115 , RANs 120 , and mobile core 
networks 140 may be included in the wireless communica 
tion system 100 . 
0043 ] . In one implementation , the wireless communica 
tion system 100 is compliant with the 5G system specified 
in the 3GPP specifications . More generally , however , the 
wireless communication system 100 may implement some 
other open or proprietary communication network , for 
example , LTE or WiMAX , among other networks . The 
present disclosure is not intended to be limited to the 
implementation of any particular wireless communication 
system architecture or protocol . 
[ 0044 ] In one embodiment , the remote units 105 may 
include computing devices , such as desktop computers , 
laptop computers , personal digital assistants ( “ PDAs ” ) , tab 
let computers , smart phones , smart televisions ( e . g . , televi 
sions connected to the Internet ) , smart appliances ( e . g . , 
appliances connected to the Internet ) , set - top boxes , game 
consoles , security systems ( including security cameras ) , 
vehicle on - board computers , network devices ( e . g . , routers , 
switches , modems ) , or the like . In some embodiments , the 
remote units 105 include wearable devices , such as smart 
watches , fitness bands , optical head - mounted displays , or 
the like . Moreover , the remote units 105 may be referred to 
as the UEs , subscriber units , mobiles , mobile stations , users , 
terminals , mobile terminals , fixed terminals , subscriber sta 
tions , user terminals , wireless transmit / receive unit 
( “ WTRU ” ) , a device , or by other terminology used in the art . 
[ 0045 ] The remote units 105 may communicate directly 
with one or more of the base units 110 in the RAN 120 via 
uplink ( “ UL ” ) and downlink ( “ DL ” ) communication signals . 
Furthermore , the UL and DL communication signals may be 
carried over the wireless communication links 115 . Here , the 
RAN 120 is an intermediate network that provides the 
remote units 105 with access to the mobile core network 
140 . 
10046 ) In some embodiments , the remote units 105 com 
municate with an application server 151 via a network 
connection with the mobile core network 140 . For example , 
an application 107 ( e . g . , web browser , media client , tele 
phone / VoIP application ) in a remote unit 105 may trigger the 
remote unit 105 to establish a PDU session or other data 
connection ) with the mobile core network 140 via the RAN 
120 . The mobile core network 140 then relays traffic 
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between the remote unit 105 and the application server 151 
in the packet data network 150 using the PDU session . Note 
that the remote unit 105 may establish one or more PDU 
sessions ( or other data connections ) with the mobile core 
network 140 . As such , the remote unit 105 may concurrently 
have at least one PDU session for communicating with the 
packet data network 150 and at least one PDU session for 
communicating with another data network ( not shown ) . 
[ 0047 ] The base units 110 may be distributed over a 
geographic region . In certain embodiments , a base unit 110 
may also be referred to as an access terminal , an access 
point , a base , a base station , a Node - B , an eNB , a gNB , a 
Home Node - B , a relay node , or by any other terminology 
used in the art . The base units 110 are generally part of a 
radio access network ( “ RAN ” ) , such as the RAN 120 , that 
may include one or more controllers communicably coupled 
to one or more corresponding base units 110 . These and 
other elements of radio access network are not illustrated but 
are well known generally by those having ordinary skill in 
the art . The base units 110 connect to the mobile core 
network 140 via the RAN 120 . 
[ 0048 ] The base units 110 may serve a number of remote 
units 105 within a serving area , for example , a cell or a cell 
sector , via a wireless communication link 115 . The base 
units 110 may communicate directly with one or more of the 
remote units 105 via communication signals . Generally , the 
base units 110 transmit DL communication signals to serve 
the remote units 105 in the time , frequency , and / or spatial 
domain . Furthermore , the DL communication signals may 
be carried over the wireless communication links 115 . The 
wireless communication links 115 may be any suitable 
carrier in licensed or unlicensed radio spectrum . The wire 
less communication links 115 facilitate communication 
between one or more of the remote units 105 and / or one or 
more of the base units 110 . 
10049 ] In one embodiment , the mobile core network 140 
is a 5G core ( “ 5GC ” ) or the evolved packet core ( “ EPC ” ) , 
which may be coupled to a packet data network 150 , like the 
Internet and private data networks , among other data net 
works . A remote unit 105 may have a subscription or other 
account with the mobile core network 140 . Each mobile core 
network 140 belongs to a single public land mobile network 
( “ PLMN ” ) . The present disclosure is not intended to be 
limited to the implementation of any particular wireless 
communication system architecture or protocol . 
[ 0050 ] The mobile core network 140 includes several 
network functions ( “ NFs ” ) . As depicted , the mobile core 
network 140 includes multiple user plane functions 
( " UPFs ” ) 145 . The mobile core network 140 also includes 
multiple control plane functions including , but not limited 
to , an Access and Mobility Management Function ( “ AMF ” ) 
141 that serves the RAN 120 , a Session Management 
Function ( “ SMF " ) 143 , and a Policy Control Function 
( “ PCF ” ) 147 . In certain embodiments , the mobile core 
network 140 may also include an Authentication Server 
Function ( “ AUSF ” ) , a Unified Data Management function 
( " UDM ” ) 149 , a Network Repository Function ( “ NRF ” ) 
( used by the various NFs to discover and communicate with 
each other over APIs ) , or other NFs defined for the 5GC . 
[ 0051 ] Although specific numbers and types of network 
functions are depicted in FIG . 1 , one of skill in the art will 
recognize that any number and type of network functions 
may be included in the mobile core network 140 . Moreover , 
where the mobile core network 140 is an EPC , the depicted 

network functions may be replaced with appropriate EPC 
entities , such as an MME , S - GW , P - GW , HSS , and the like . 
In certain embodiments , the mobile core network 140 may 
include a AAA server . 
[ 0052 ] In various embodiments , the mobile core network 
140 supports different types of mobile data connections and 
different types of network slices , wherein each mobile data 
connection utilizes a specific network slice . Here , a “ net 
work slice ” refers to a portion of the mobile core network 
140 optimized for a certain traffic type or communication 
service . In certain embodiments , the various network slices 
may include separate instances of network functions , such as 
the SMF 143 and UPF 145 . In some embodiments , the 
different network slices may share some common network 
functions , such as the AMF 141 . The different network slices 
are not shown in FIG . 1 for ease of illustration , but their 
support is assumed . 
[ 0053 ] As discussed in further detail below , the remote 
unit 105 may communicate with the base unit 110 using a set 
of beams . However , the remote unit 105 may determine 
beam failure for each beam in the set , for example due to 
movement of the remote unit 105 with respect to the base 
unit 110 , due to changing radio conditions , or the like . Upon 
detecting beam failure , the remote unit 105 performs beam 
recovery and beam revival procedures concurrently . 
[ 0054 ] FIG . 2 depicts a network 200 used for efficiently 
recovering from beam failure , according to embodiments of 
the disclosure . The network 200 includes a UE 205 and a 
RAN node 210 , such as a gNB . The network 200 depicts a 
simplified embodiment of the wireless communication sys 
tem 100 . The UE 205 may be one embodiment of the remote 
unit 105 , while the RAN node 210 may be one embodiment 
of the base unit 110 . Here , the RAN node 210 may be a gNB 
or 5G base station . Although only one UE 205 is depicted , 
in other embodiments the RAN node 210 may serve a 
plurality of the UEs 205 . 
[ 0055 ] As depicted , the UE 205 detects beam failure and 
identifies one or more candidate beams ( block 215 ) . Next , 
the UE 205 begins a beam revival procedure , e . g . , respon 
sive to detecting the beam failure ( block 220 ) . At the same 
time , the UE 205 attempts beam recovery ( block 225 ) which 
includes sending a beam recovery request ( see messaging 
230 ) and monitoring for a beam recovery response from the 
RAN node 210 ( see messaging 235 ) . 
[ 0056 ] In various embodiments , if one of the Beam 
Revival procedure or Beam Recovery procedure fails ( or is 
declared unsuccessful due to a corresponding timer running 
out ) , then the UE 205 permits the other procedure to run to 
completion ( e . g . , until its corresponding timer expires , until 
a gNB response is received , or until Beam Revival suc 
ceeds ) . Moreover , when one procedure is successful while 
the other one is still running , then the running procedure 
may be stopped . For example , if the UE 205 receives the 
beam recovery response from the RAN node 210 while the 
beam revival procedure is still performing , then the UE 205 
stops attempting beam revival even if an associated timer is 
unexpired . 
[ 0057 ] FIG . 3 depicts one embodiment of a user equip 
ment apparatus 300 that may be used for the handling of 
beam failure at a UE . The user equipment apparatus 300 may 
be one embodiment of the remote unit 105 . Furthermore , the 
user equipment apparatus 300 may include a processor 305 , 
a memory 310 , an input device 315 , an output device 320 , 
and a transceiver 325 . In some embodiments , the input 
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device 315 and the output device 320 are combined into a 
single device , such as a touchscreen . In certain embodi 
ments , the user equipment apparatus 300 does not include 
any input device 315 and / or output device 320 . In various 
embodiments , the user equipment apparatus 300 may 
include one or more of the processor 305 , the memory 310 , 
and the transceiver 325 , and may not include the input 
device 315 and / or the output device 320 . 
[ 0058 ] The processor 305 , in one embodiment , may 
include any known controller capable of executing com 
puter - readable instructions and / or capable of performing 
logical operations . For example , the processor 305 may be 
a microcontroller , a microprocessor , a central processing 
unit ( “ CPU ” ) , a graphics processing unit ( “ GPU ' ) , an aux 
iliary processing unit , a field programmable gate array 
( “ FPGA " ) , or similar programmable controller . In some 
embodiments , the processor 305 executes instructions stored 
in the memory 310 to perform the methods and routines 
described herein . The processor 305 is communicatively 
coupled to the memory 310 , the input device 315 , the output 
device 320 , and the transceiver 325 . 
[ 0059 ] The transceiver 325 communicates with a base unit 
( e . g . , RAN node , such as a gNB ) using a first set of beams . 
The user equipment apparatus 300 may be configured with 
at least two sets of beams : a first set , q0 , an active set used 
for beam failure detection ; and a second set , q1 , an inactive 
set of candidate beams used for beam recovery . Beam failure 
may be determined by monitoring radio link quality of the 
set q0 , e . g . , by measuring on one or more beam failure 
detection reference signals in the set qo . 
10060 ] In various embodiments , the processor 305 detects 
beam failure for each beam in the first set of beams ( e . g . , set 
q0 ) and initiates a beam revival procedure in parallel with a 
beam recovery procedure . Here , the beam recovery proce 
dure includes transmitting a beam failure recovery request 
( “ BFRR " ) . The processor 305 terminates the beam recovery 
procedure in response to successful beam revival of at least 
one beam in the first set and prior to receiving a BFRR 
response from the base unit . Additionally , the processor 305 
re - starts communication with the base unit using the first set 
of beams in response to successful beam revival of at least 
one beam in the first set ( e . g . , set q0 ) . 
[ 0061 ] In various embodiments , the processor 305 termi 
nates the beam revival procedure in response to receiving a 
BFRR response from the base unit and re - starts communi 
cation with the base unit using a new active beam ( e . g . , from 
set ql ) in response to the BFRR response , wherein the new 
active beam is associated with the received BFRR response . 
In certain embodiments , the new active beam is indicated in 
the BFRR response . In certain embodiments , a downlink 
reference signal of the new active beam is quasi - co - located 
with a DM - RS of PDCCH , wherein the PDCCH includes 
scheduling information for the BFRR response . In some 
embodiments , the first set of beams is an active set of beams 
and the apparatus is further configured with a second set of 
candidate beams used for beam failure recovery . 
[ 0062 ] In some embodiments , initiating the beam revival 
procedure in parallel with a beam recovery procedure 
includes the processor 305 determining a resource for trans 
mitting the BFRR , transmitting the BFRR on the determined 
resource , and monitoring for a BFRR response while the 
beam revival procedure is not successful for at least one 

beam in the first set . In such embodiments , terminating the 
beam recovery procedure may include stopping the moni 
toring for a BFRR response . 
[ 0063 ] As discussed above , the processor 305 may detect 
beam failure for each beam in the first set of beams based on 
measurements on one or more beam failure detection refer 
ence signals . In such embodiments , the beam revival pro 
cedure includes monitoring the one or more beam failure 
detection reference signals until a radio link failure ( “ RLF ” ) 
timer expires . 
[ 0064 ] In some embodiments , the transceiver 325 receives 
a configuration for the beam revival procedure . Here , the 
configuration for the beam revival procedure indicates at 
least one of : a first number of consecutive beam revival 
instances , a RSRP threshold value , and a BLER threshold 
value . In one embodiment , the beam revival procedure is 
determined to be successful for an active beam of the first set 
in response to a RSRP measurement value of the active 
beam being above the configured RSRP threshold value for 
the first number of consecutive beam revival instances . 
10065 ] In another embodiment , the beam revival proce 
dure is determined to be successful for an active beam of the 
first set in response to a hypothetical BLER of the active 
beam being above the configured BLER threshold value for 
the first number of consecutive beam revival instances . In 
certain embodiments , the beam revival procedure is deter 
mined to be successful for an active beam of the first set in 
response to a PDCCH being successfully decoded , where a 
DM - RS of the PDCCH is quasi - co - located with a beam 
failure detection reference signal of the active beam . 
[ 0066 ] In some embodiments , the processor 305 further 
identifies a new beam using a set of candidate beam refer 
ence signals ( e . g . , set q1 ) and determines a resource for 
transmitting the BFRR based on the identified new beam . In 
certain embodiments , terminating the beam recovery proce 
dure includes stopping transmission of the BFRR in 
response to the beam revival procedure being successful for 
at least one of the one or more active beams . In certain 
embodiments , the processor 305 further releases a grant - free 
or SPS allocation if detecting beam failure for all of the one 
or more active beams . 
[ 0067 ] In some embodiments , the processor 305 further 
sends an In - Sync indication for RLM to a higher layer in 
response to the beam revival procedure being successful for 
at least one beam of the first set and sends an Out - of - Sync 
indication for RLM to the higher layer in response to 
detecting beam failure for each beam of the first set . 
[ 0068 ] In various embodiments , transmitting the BFRR 
includes transmitting a contention - free random - access 
( " CFRA ” ) preamble . The ( " CFRA ” ) RACH resources 
including the Preamble sequence and the time - frequency 
resources may be limited , e . g . , there are only 64 Preamble 
sequences available per PRACH transmission occasion 
defined also in NR ( e . g . , 5G Radio Access Technology ) . 
Where CFRA resources are unavailable , transmitting the 
BFRR may then include transmitting a contention - based 
random - access preamble . In some embodiments , the pro 
cessor 305 further receives a Backoff MAC subheader in a 
Random - Access Response message , the Random - Access 
Response message being a response to the contention - based 
random - access preamble , but does not apply a random 
Backoff for transmitting the BFRR . 
[ 0069 ] In certain embodiments , the contention - based ran 
dom access includes a four - step random - access procedure , 
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wherein a third message of the four - step random - access 
procedure includes a MAC CE including a bitmap with each 
bit of the bitmap indicating a corresponding beam identity 
( e . g . , a beam index ) . In other embodiments , the contention 
based random access includes a two - step random - access 
procedure , wherein a first message of the two - step random 
access procedure includes a PRACH preamble and PRACH 
data , wherein the PRACH data includes at least a UE 
identity and is transmitted according to an uplink timing 
advance value calculated based on a receive timing differ 
ence between an active beam of the first set and a newly 
found beam . 
[ 0070 ] The memory 310 , in one embodiment , is a com 
puter readable storage medium . In some embodiments , the 
memory 310 includes volatile computer storage media . For 
example , the memory 310 may include a RAM , including 
dynamic RAM ( “ DRAM ” ) , synchronous dynamic RAM 
( " SDRAM ” ) , and / or static RAM ( “ SRAM ” ) . In some 
embodiments , the memory 310 includes non - volatile com 
puter storage media . For example , the memory 310 may 
include a hard disk drive , a flash memory , or any other 
suitable non - volatile computer storage device . In some 
embodiments , the memory 310 includes both volatile and 
non - volatile computer storage media . 
10071 ] In some embodiments , the memory 310 stores data 
related to the handling of beam failure at a UE . For example , 
the memory 310 may store beam identities , beam sets , beam 
measurements , downlink / uplink control information , sched 
uling information , and the like . In certain embodiments , the 
memory 310 also stores program code and related data , such 
as an operating system or other controller algorithms oper 
ating on the user equipment apparatus 300 . 
[ 0072 ] The input device 315 , in one embodiment , may 
include any known computer input device including a touch 
panel , a button , a keyboard , a stylus , a microphone , or the 
like . In some embodiments , the input device 315 may be 
integrated with the output device 320 , for example , as a 
touchscreen or similar touch - sensitive display . In some 
embodiments , the input device 315 includes a touchscreen 
such that text may be input using a virtual keyboard dis 
played on the touchscreen and / or by handwriting on the 
touchscreen . In some embodiments , the input device 315 
includes two or more different devices , such as a keyboard 
and a touch panel . 
[ 0073 ] . The output device 320 , in one embodiment , is 
designed to output visual , audible , and / or haptic signals . In 
some embodiments , the output device 320 includes an 
electronically controllable display or display device capable 
of outputting visual data to a user . For example , the output 
device 320 may include , but is not limited to , an LCD 
display , an LED display , an OLED display , a projector , or 
similar display device capable of outputting images , text , or 
the like to a user . As another , non - limiting , example , the 
output device 320 may include a wearable display separate 
from , but communicatively coupled to , the rest of the user 
equipment apparatus 300 , such as a smart watch , smart 
glasses , a heads - up display , or the like . Further , the output 
device 320 may be a component of a smart phone , a personal 
digital assistant , a television , a table computer , a notebook 
( laptop ) computer , a personal computer , a vehicle dash 
board , or the like . 
[ 0074 ] In certain embodiments , the output device 320 
includes one or more speakers for producing sound . For 
example , the output device 320 may produce an audible alert 

or notification ( e . g . , a beep or chime ) . In some embodiments , 
the output device 320 includes one or more haptic devices 
for producing vibrations , motion , or other haptic feedback . 
In some embodiments , all or portions of the output device 
320 may be integrated with the input device 315 . For 
example , the input device 315 and output device 320 may 
form a touchscreen or similar touch - sensitive display . In 
other embodiments , the output device 320 may be located 
near the input device 315 . 
[ 0075 ] The transceiver 325 includes at least transmitter 
330 and at least one receiver 335 . The transceiver 325 may 
be used to communicate with a RAN node , such as the base 
unit 110 . Although a specific number of transmitters 330 and 
receivers 335 are illustrated , the user equipment apparatus 
300 may have any suitable number of transmitters 330 and 
receivers 335 . Moreover , the transceiver 325 may support 
one or more network interfaces 340 , for example a ‘ Uu ’ 
interface with a RAN node , a ‘ N1 ' interface with an AMF , 
among other interfaces . 
0076 ] FIG . 4 depicts one embodiment of a base station 
apparatus 400 that may be used for the handling of beam 
failure at a UE , according to embodiments of the disclosure . 
The base station apparatus 400 may be one embodiment of 
the base unit 110 and / or RAN node 210 , described above . 
Furthermore , the base station apparatus 400 may include a 
processor 405 , a memory 410 , an input device 415 , an output 
device 420 , a transceiver 425 for communicating with one or 
more remote units 105 and / or a mobile core network 140 . 
100771 As depicted , the transceiver 425 may include a 
transmitter 430 and a receiver 435 . The transceiver 425 may 
also support one or more network interfaces 440 , such as the 
Uu interface , N2 interface , N3 interface , and / or other net 
work interfaces suitable for communication with a remote 
unit and / or core network . In some embodiments , the input 
device 415 and the output device 420 are combined into a 
single device , such as a touchscreen . In certain embodi 
ments , the base station apparatus 400 may not include any 
input device 415 and / or output device 420 . 
[ 0078 ] The processor 405 , in one embodiment , may 
include any known controller capable of executing com 
puter - readable instructions and / or capable of performing 
logical operations . For example , the processor 405 may be 
a microcontroller , a microprocessor , a central processing 
unit ( “ CPU ” ) , a graphics processing unit ( “ GPU " ) , an aux 
iliary processing unit , a field programmable gate array 
( “ FPGA ” ) , or similar programmable controller . In some 
embodiments , the processor 405 executes instructions stored 
in the memory 410 to perform the methods and routines 
described herein . The processor 405 is communicatively 
coupled to the memory 410 , the input device 415 , the output 
device 420 , and the transceiver 425 . 
[ 0079 ] In some embodiments , the processor 405 controls 
the transceiver 425 to receive a signaling request from a 
remote unit , such as the remote unit 105 and / or the UE 205 . 
In various embodiments , the signaling request may be 
transmitted over PUCCH . For example , if the remote unit is 
configured with ( dedicated ) PUCCH resources for particular 
logical channel and data arrives for said logical channel , 
then the remote unit transmits ( and the transceiver 425 
receives ) the signaling request on the PCC at resources . 
However , if the remote unit is not configured with ( dedi 
cated ) PUCCH resources for the logical channel for which 
data arrives , then the remote unit transmits ( and the trans 
ceiver 425 receives ) the signaling request on either a 
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support one or more the network interface 440 for commu 
nicating with remote units 105 and the mobile core network 
140 . 

PRACH resource or a different PUCCH resource , as 
described herein . The processor 405 may respond to the SR 
( e . g . , received via PUCCH or PRACH ) with an uplink grant . 
In response to receiving a BSR , the processor 405 may 
allocate the remote unit 105 with PUSCH resources . 
[ 0080 ] The memory 410 , in one embodiment , is a com 
puter readable storage medium . In some embodiments , the 
memory 410 includes volatile computer storage media . For 
example , the memory 410 may include a RAM , including 
dynamic RAM ( “ DRAM ” ) , synchronous dynamic RAM 
( " SDRAM ” ) , and / or static RAM ( “ SRAM ” ) . In some 
embodiments , the memory 410 includes non - volatile com 
puter storage media . For example , the memory 410 may 
include a hard disk drive , a flash memory , or any other 
suitable non - volatile computer storage device . In some 
embodiments , the memory 410 includes both volatile and 
non - volatile computer storage media . 
[ 0081 ] In some embodiments , the memory 410 stores data 
relating to the handling of beam failure at a UE . For 
example , the memory 410 may store scheduling data , uplink 
data , remote unit ( the UE ) identities , and the like . In some 
embodiments , the memory 410 also stores program code and 
related data , such as an operating system or other controller 
algorithms operating on the remote unit 105 and one or more 
software applications . 
[ 0082 ] The input device 415 , in one embodiment , may 
include any known computer input device including a touch 
panel , a button , a keyboard , a stylus , a microphone , or the 
like . In some embodiments , the input device 415 may be 
integrated with the output device 420 , for example , as a 
touchscreen or similar touch - sensitive display . In some 
embodiments , the input device 415 includes two or more 
different devices , such as a keyboard and a touch panel . In 
certain embodiments , the input device 415 may include a 
camera for capturing images or otherwise inputting visual 
data . 
[ 0083 ] The output device 420 , in one embodiment , may 
include any known electronically controllable display or 
display device . The output device 420 may be designed to 
output visual , audible , and / or haptic signals . In some 
embodiments , the output device 420 includes an electronic 
display capable of outputting visual data to a user . For 
example , the output device 420 may include , but is not 
limited to , an LCD display , an LED display , an OLED 
display , a projector , or similar display device capable of 
outputting images , text , or the like to a user . 
[ 0084 ] In certain embodiments , the output device 420 
includes one or more speakers for producing sound . For 
example , the output device 420 may produce an audible alert 
or notification ( e . g . , a beep or chime ) . In some embodiments , 
the output device 420 includes one or more haptic devices 
for producing vibrations , motion , or other haptic feedback . 
In some embodiments , all or portions of the output device 
420 may be integrated with the input device 415 . For 
example , the input device 415 and output device 420 may 
form a touchscreen or similar touch - sensitive display . In 
other embodiments , the output device 420 may be located 
near the input device 415 . 
10085 ] . The transceiver 425 communicates with remote 
unit within a mobile communication network . The trans 
ceiver 425 may also communicate with a core network , such 
as the mobile core network 140 . The transceiver 425 may 
include one or more transmitters 430 and one or more 
receivers 435 . As discussed above , the transceiver 425 may 

10086 ) FIG . 5 is a schematic flow chart diagram illustrat 
ing one embodiment of a procedure 500 for recovering from 
beam failure , according to embodiments of the disclosure . 
The procedure 500 may be performed by a UE , such as the 
remote unit 105 , the UE 205 , and / or the user equipment 
apparatus 300 to recover from a beam failure condition . 
[ 0087 ] The procedure 500 begins with a beam failure 
detection phase ( see block 505 ) . Periodic CSI - RS or SSB , 
spatially Quasi co - located with PDCCH DM - RS , is used for 
beam failure detection . In some embodiments , a SS - block 
based RS within the serving cell is used for BF detection if , 
for example , a SS - block is also used in beam management 
as well . If hypothetical PDCCH BLERs of all of these 
( configured ) RS types are above a threshold , it is counted as 
beam failure instance . 
10088 ] Having detected the beam failure , the procedure 
500 implements for beam recovery and beam revival in 
parallel . The beam recovery procedure is described in steps 
510 - 535 , while beam revival is described in steps 540 - 550 . 
If one of the procedures fails , or is declared unsuccessful due 
to corresponding Timer running out , then the other runs to 
completion ( e . g . , until it ' s corresponding Timer running out 
or until a gNB responses is received or Beam Revival 
succeeds ) . However , if one of the procedure recovers / re 
vives successfully while the other one is still running , then 
the still running procedure is stopped . 
[ 0089 ) During beam recovery , the UE identifies a candi 
date beam ( see block 510 ) . During candidate beam identi 
fication , a configurable L1 - RSRP and / or a fixed BLER value 
could be used for Candidate Beam identification . Specific 
Candidate Beam identification RSs are used for new / candi 
date beams where the system supports the CSI - RS + SS block 
case for the purpose of new candidate beam identification . 
The RRC parameter Candidate - Beam - RS - Identification - Re 
source may mean either the type of reference signal or the 
actual resources used for beam failure recovery or both . 
[ 0090 ] Next , the procedure 500 includes identifies 
PRACH resources ( see block 515 ) and transmits a Beam 
Recovery Request ( see block 520 ) . In certain embodiments , 
the UE tries recovery only on “ good ” Beams , e . g . , Beams 
above a certain quality measured using RSRP on the corre 
sponding DL RS against a certain quality - threshold . If the 
“ good ” beams have dedicated PRACH resources , e . g . , Con 
tention Free Random Access ( “ CFRA " ) resources , then 
these are used . However , note that CFRA resources may be 
limited as the gNB may not be able to predict on which 
Beams may a UE recover , for example due to there being too 
many the UEs . Thus , if no CRRA resources are available for 
transmitting the BFRR , then the UE sends BFRR using 
Contention Based Random Access ( “ CBRA ” ) , as discussed 
in greater detail below . 
[ 0091 ] In certain embodiments , a dedicated PRACH 
resource is configured to either an SSB or a CSI - RS 
resource . The following two scenarios are supported when a 
UE is configured with CSI - RS + SSB : In the first scenario , 
PRACHs are associated to SSBs only . Here , PRACH 
resources for CSI - RS resources configured for new beam 
identification may be found from the QCL association 
between CSI - RS resource ( s ) and SSB ( s ) . In the second 
scenario , each of the multiple PRACHS is associated to 
either an SSB or a CSI - RS resource . 
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[ 0092 ] Once the PRACH resources have been determined , 
the UE goes on to transmit the BF Recovery Request , or 
BFRR using the determined PRACH resources . A Beam 
Failure - Recovery - Timer is used to control the amount of 
BFRR that the UE should make before giving up . Alterna 
tively , the actual number of BFRR requests could be con 
trolled by using higher layer configuration and when the said 
number of BFRR requests has been made , without receiving 
a corresponding gNB response , the UE concludes the Beam 
Failure recovery procedure as unsuccessful . 
10093 ) The Beam - Failure - Recovery - Timer may be started 
once beam failure is declared ( see block 505 ) . Alternatively , 
the Beam - Failure - Recovery - Timer may be started once a 
candidate beam is identified ( see block 510 ) . In a third 
alternative , the Beam - Failure - Recovery - Timer is started at 
the time of the first BFRR transmission . 
[ 0094 ] Next , the procedure 500 includes monitoring for a 
response from the gNB ( see block 525 ) . After sending the 
BFRR ( S ) , RRC configuration of a time duration for a time 
window and a dedicated CORESET for a UE to monitor 
GNB response for beam failure recovery request is used . 
Here , the UE assumes that the dedicated CORESET is 
spatial Quasi co - located with a downlink RS of the UE 
identified candidate beam in the BFRR . Additionally , mul 
tiple dedicated CORESETs may be configured to a UE , 
where each CORESET may have different spatial Quasi 
co - location ( “ QCL ” ) configuration . Note that the time win 
dow is determined by a fixed time offset defined with respect 
to BFRR transmission and the RRC configurable time 
duration starting from the fixed time offset . 
[ 0095 ] Upon reception of gNB response ( see block 530 ) , 
the Beam Failure Recovery ( “ BFR ” ) procedure is consid 
ered successful from the UE perspective . In this case , 
CORESET - BFR is monitored till reconfiguration . The UE 
re - starts communication using a candidate beam indicated in 
the gNB response and terminates the beam revival procedure 
( see block 535 ) . 
[ 0096 ] Unsuccessful recovery from beam failure is 
declared upon reaching the configured maximum number of 
BFRR transmission , or upon expiry of the beam failure 
recovery timer , e . g . , when the beam failure recovery timer 
starts upon beam failure detection . In one embodiment , the 
UE no longer monitors previously configured CORESET ( s ) 
upon unsuccessful recovery from beam failure . In another 
embodiment , the UE Continue monitoring previously con 
figured CORESET ( s ) upon unsuccessful recovery from 
beam failure . 
[ 0097 ] The Beam Revival Procedure ( “ BRP ” ) takes into 
account improvements in the radio condition of any of the 
current set of used Beams ( 9 . ) . These beams may become 
usable again if the UE moves and / or the radio changes back 
to its initial condition . During beam revival , the UE moni 
tors the radio link quality of the current set of Beams ( Co ) 
( see block 540 ) . 
[ 0098 ] When the Beam quality of the any of the Beam in 
the current Beam set qu ) improves beyond a threshold a 
consecutive number of at least N _ revive times ( or a time 
duration ) , then the said current Beam ( s ) is said to have 
' Revived ' ( see block 545 ) . Further , the UE re - starts com 
munication using a candidate beam indicated in the gNB 
response and terminates the beam failure recovery procedure 
( see block 550 ) . 
[ 0099 ] In various embodiments , the beam revival proce 
dure is determined to be successful for an active beam of the 

first set in response to a RSRP measurement value of the 
active beam being above the configured RSRP threshold 
value for the first number of consecutive beam revival 
instances , in response to a hypothetical BLER of the active 
beam being above the configured BLER threshold value for 
the first number of consecutive beam revival instances , 
and / or in response to a PDCCH being successfully decoded , 
where a DM - RS of the PDCCH is quasi - co - located with a 
beam failure detection reference signal of the active beam . 
[ 0100 ] FIG . 6 is a schematic flow chart diagram illustrat 
ing one embodiment of a beam revival procedure 600 for 
beam revival procedure incorporating RLM procedure to 
recover from beam failure , according to embodiments of the 
disclosure . The beam revival procedure 600 improves on the 
BFR procedure by addressing the above stated problems of 
improving radio conditions , limited PRACH resources , and 
interactions with RLM procedures . 
[ 0101 ] The beam revival procedure 600 begins with a 
beam failure detection phase ( see block 605 ) . Periodic 
CSI - RS or SSB , spatially Quasi co - located with PDCCH 
DM - RS , is used for beam failure detection . In some embodi 
ments , a SS - block based RS within the serving cell is used 
for BF detection if , for example , a SS - block is also used in 
beam management as well . If hypothetical PDCCH BLERS 
of all of these ( configured ) RS types are above a threshold , 
it is counted as beam failure instance . 
10102 ] Having detected the beam failure , the beam revival 
procedure 600 identifies a candidate beam ( see block 610 ) . 
Here , the Candidate Beam identification is based on CBi 
resources and RSPS / BLER evaluation . In certain embodi 
ments , a configurable L1 - RSRP and / or a fixed BLER value 
may be used for Candidate Beam identification . Specific 
Candidate Beam identification RSs are used for new / candi 
date beams , for example where the system supports the 
CSI - RS + SS block case for the purpose of new candidate 
beam identification . The RRC parameter Candidate - Beam 
RS - Identification - Resource may mean either the type of 
reference signal or the actual resources used for beam failure 
recovery or both . 
[ 0103 ] At this point , the beam revival procedure 600 
begins a beam revival process 615 , as discussed below . If 
beam revival is successful ( see block 620 ) , then the beam 
failure is ignored ( see block 625 ) . Otherwise , if the beam 
revival is not successful and a corresponding timer , such as 
the T310 timer , expires ( see block 630 ) , then the beam 
revival procedure 600 stops UL transmissions ( see block 
635 ) . 
[ 0104 ] While attempting the beam revival , the beam 
revival procedure 600 continues with the beam failure 
recovery by identifying PRACH resources ( see block 515 ) 
and transmitting a Beam Failure Recovery Request 
( : BFRR " , see block 520 ) . In certain embodiments , the UE 
tries recovery only on “ good ” Beams , e . g . , Beams above a 
certain quality measured using RSRP on the corresponding 
DL RS against a certain quality - threshold . If the “ good ” 
beams have dedicated PRACH resources , e . g . , Contention 
Free Random Access ( “ CFRA ” ) resources , then these are 
used . However , note that CFRA resources may be limited as 
the gNB may not be able to predict on which Beams may a 
UE recover , for example due to there being too many the 
UEs . Thus , if no CRRA resources are available for trans 
mitting the BFRR , then the UE sends BFRR using Conten 
tion Based Random Access ( “ CBRA " ) , as discussed in 
greater detail below . 
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[ 0105 ] Similar to that described above with reference to 
FIG . 5 , the beam revival procedure 600 includes monitoring 
for a response from the gNB ( see block 640 ) . If a response 
is received , then the beam revival procedure 600 determines 
whether the beam revival process 615 was successful ( see 
block 645 ) . If beam revival was successful and a response 
was received from the gNB , then the beam revival results are 
ignored ( see block 650 ) and the UE CORESET - BFR is 
monitored until reconfiguration ( see block 655 ) . Addition 
ally , the UE monitors the UE CORESET - BFR until recon 
figuration if the beam revival process 615 was unsuccessful 
( see block 655 ) . 
[ 0106 ] Note that the beam revival procedure 600 includes 
performing both Beam Recovery and Beam Revival proce 
dures after the Beam Failure ( “ BF ” ) detection . If one of the 
procedures fails , or is declared unsuccessful due to corre 
sponding Timer running out , then the other runs to comple 
tion ( e . g . , until it ' s corresponding Timer running out or until 
a gNB responses is received or Beam Revival succeeds ) . 
However , when one of the procedure recovers / revives suc 
cessfully while the other one is still running , then the still 
running procedure is stopped . 
[ 0107 ] In order to take into account improvement in the 
radio condition of any of the current set of used Beams ( q ) , 
in the beam revival procedure 600 , the UE is configured with 
a number , N _ revive ( or a time duration ) and when the Beam 
quality of the any of the Beam in the current Beam set ( qu ) 
improves beyond a threshold a consecutive number of at 
least N _ revive times then the said current Beam ( s ) is said to 
have “ Revived . " 
[ 0108 ] ARSRP threshold or BLER target may be used for 
determining Revival such that the RSRP of the DL RS 
corresponding to the said Beam is above a Thresh Revive 
RSRP or the BLER improves ( goes below ) a certain Thresh _ 
Revive _ BLER . Thresh _ Revive _ BLER used could be same 
as the BLER target used for In - Sync determination in case 
of RLM ( Radio Link Monitoring ) . In an alternative embodi 
ment , if the UE did not stop to monitor the current CORE 
SET ( S ) ( for example , if the UE has multiple RF chains at a 
receiver , the UE can monitor the current CORESET and 
CORESET configured for receiving beam failure request 
response ) , the real PDCCH reception may also be construed 
as a Revival of the corresponding Beam ( where the PDCCH 
is received ) . 
[ 0109 ] The Revival procedure may run in parallel to 
BFRR procedure in MAC ( to send the PRACH ) and will 
stop BFRR procedure if such Revive happens . For example , 
the UE may stop transmitting a new BF Recovery Request 
when the Beam Revival procedure is successful . N _ revive 
may have configurable values starting with integer 1 and go 
further like 2 , 3 or 4 etc . The start time of the Revival 
procedure could be from the point in time when the BF is 
detected . The Revival procedure may go on until successful 
or until the expiry of RLF timer ( e . g . , the RRC timer T310 ) 
or the said Beam - Failure - Recovery - Timer . Once the Beam 
Failure is detected , the UE may stop monitoring the corre 
sponding CORESET ( s ) and stop using all grant - free and 
SPS allocations on the failed beams unless either the Beam 
Revival or Beam Recovery procedure becomes successful or 
until the network successfully reconfigures the UE . Further 
more , the UE may not make any PUCCH transmissions on 
the current beam set , e . g . , HARQ ACK / NACK , once Beam 
Failure has been declared . According to an alternative 

embodiment , the UE may release grant - free / SPS allocations 
once Beam Failure has been declared . 
[ 0110 ] In order to solve the problem of limited PRACH 
resources ( refer to block 515 ) , note that CFRA ( Contention 
Free Random Access ) resources may be limited as the gNB 
210 may not be able to predict on which Beams may a UE 
recover , for example due to there being too many the UEs . 
If CFRA resources are limited , then the network may 
configure , explicitly or implicitly , whether CBRA ( Conten 
tion Based Random Access ) may be used to transmit the 
BFRRs , for example using the Broadcast or dedicated RRC 
signaling . Moreover , contention resolution for when CBRA 
is performed make occur using one of the two following 
embodiments . 
[ 0111 ] The first contention resolution embodiment uses a 
modification to the 3GPP 4 - step RACH procedure . Here , the 
UE randomly chooses a preamble and / or physical time 
frequency resource from a pool of resources . This pool may 
or may not be dedicatedly allocated by the gNB for this 
purpose ( e . g . , only for RACH ) . This pool of resource 
allocated by the gNB may be used by all the UEs or by a 
specific set of the UEs , wherein each the UE of this specific 
set is configured dedicatedly with said pool of resource . 
However , such a dedicated pool of PRACH resources ( e . g . , 
preamble sequences and / or time - frequency resources ) is not 
required and this method works even if no such resource 
pool dedicated to BFRR are reserved . 
[ 0112 ] Further , the gNB response ( msg2 ) carries a UL 
grant which will be used by the UE to transmit msg3 
including a CRNTI MAC CE and the Beam identity or 
identities , if more than one Beam is good enough to recover 
( or equivalently the corresponding index or indices ) , e . g . , 
using a new MAC CE including a BITMAP with each BIT 
pointing to a corresponding Beam Identity / Index . Msg4 will 
be addressed to the C - RNTI of the winning the UE , e . g . , 
CRC masking will be done using the C - RNTI of the winning 
the UE to resolve the contention . Msg3 and Msg4 may be 
limited to MAC protocol e . g . , using MAC Control Elements , 
e . g . , RRC level signaling may not be required . 
[ 0113 ] One limitation of the first contention resolution 
embodiment problem is that it needs 4 steps to resolve 
contention and therefore the ensuing delay may be undesir 
able for Beam Management / Recovery purposes . Accord 
ingly , the second contention resolution embodiment uses a 
2 - step RACH procedure to improve response times . Similar 
to the first contention resolution embodiment , in the second 
embodiment a set of preambles / PRACH time - frequency 
resources may or may not be reserved for beam failure 
recovery request for a specific set of the UEs . The UE 205 
sends PRACH preamble and PRACH data ( similar to 
PUSCH ) for the beam failure recovery request , BFRR . The 
PRACH data contain a UE specific identity like C - RNTI and 
the Beam identity / index of the Beam ( e . g . , if more than one 
Beam is good enough to recover ) where the UE is trying to 
recover in a similar fashion as in the first contention reso 
lution embodiment . Because the Beam identity ( or identi 
ties ) is explicitly signaled , the reservation of a set of 
preambles and / or PRACH time - frequency resources is not 
necessary to this end but such reservation ( of a dedicated 
pool of resources ) may still be done for managing the 
congestion situation for such RACH Accesses . 
0114 ) Further , the PRACH data may be transmitted with 

a timing advance value which the UE calculates based on Rx 
timing difference between a previous serving beam and a 
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newly found beam . The UE monitors CORESET - BFR ( de 
termined based on the Quasi co - location with the DL RS 
corresponding to the new identified candidate beam ) to 
receive a gNB response message and to perform further 
communication until it is re - configured to another CORE 
SET or another TCI state . The gNB response ( msg2 ) is 
addressed to the UE specific identity like C - RNTI and may 
optionally include the Beam Identity where the ONB 
approves the UE Beam Recovery . Due to the UE ’ s autono 
mous timing adjustment for the new beam , the CP length 
required for PRACH data may be much shorter than CP 
length for PRACH preamble . The gNB estimates the UE ' s 
UL TA based on PRACH preamble and signals the new UL 
TA to the UE . 
[ 0115 ] In a further improvement , instead of using a pre 
amble sequence in Msgl , the UE may just use a PUCCH 
resource to signal the Beam identity and the UE specific 
identity like C - RNTI or any identity / index specific to the 
specific set of the UEs that have been configured with the 
said pool of resource allocated by the gNB . 
[ 0116 ] To take into account the RLM procedures when 
recovering from beam failure , the beam revival procedure 
may assume that BF and Out - of - Sync conditions are inde 
pendent , even if the BLER target and the RS ( reference 
signals ) might be same but at least the resources used for : RS 
transmission and measurements , measurements periodicity , 
measurement duration , etc . will be different . These resources 
will be separate configuration from the RRC layer and 
therefore these are related , but still independent procedures 
yielding different results . 
[ 0117 ] In a first embodiment , if the T310 timer ( the RLF 
timer ) is longer than the Beam - failure - recovery - Timer ( or if 
the Maximum number of PRACH transmissions is reached 
before T310 expiry ) , then the UE behavior may be one of the 
following three alternatives : 1 ) the UE stops Beam recovery 
( e . g . , no PRACH transmission ) but still tries to revive the 
beam ; 2 ) the UE ignores the Beam Failure if the beam 
revival is successful ( and optionally indicates In - Sync indi 
cation to the RRC layer ) ; and 3 ) the UE performs cell 
selection and RRC Connection Re - establishment upon T310 
expiry ( e . g . , while the T311 timer is still running ) . However , 
in this first embodiment , if there is a race condition , such that 
the Revival succeeds around the same time as gNB responds 
to the BFRR , then the UE may ignore the Beam revival and 
continue with the gNB response . 
[ 0118 ] In a second embodiment , if the T310 timer ( the 
RLF timer ) is longer than the Beam - failure - recovery - Timer 
( or if the Maximum number of PRACH transmissions is 
reached before T310 expiry ) , then the UE 205 stops the 
T310 timer ( and start the T311 timer ) as soon as the 
Beam - failure - recovery - Timer expires ( or maximum number 
of PRACH transmissions is reached ) . Optionally , a new 
indication is sent to the RRC layer when the BFRR Timer 
expires and the RRC layer stops the T310 timer and starts 
the T311 timer ( or equivalent timers ) . 
[ 0119 ] Further if the T310 timer ( e . g . , the RLF timer ) is 
shorter than the Beam - failure - recovery - Timer ( or the Maxi 
mum number of PRACH transmissions is not reached until 
after T310 expiry ) then the UE may stop all UL transmis 
sions ( including Beam recovery ) and starts T311 ( Perform 
cell selection and subsequently RRC Connection Re - estab 
lishment procedure ) . 
[ 0120 ] In certain embodiments , network ( e . g . , 5G core 
network ) may not configure the Beam - failure - recovery 

Timer ( BFRR Timer ) to be larger than the timer T310 but if 
the Beam - failure - recovery - Timer is not configured and 
instead a Maximum Number of BFRR Transmissions for 
controlling maximum Beam recovery request is used ; the 
T310 may expire before such a max BFRR is reached since , 
e . g . , when a RACH Backoff was indicated by network 
prohibiting the UE to send further BFRRs until sometime . 
To get rid of such issue , a further embodiment reserves a set 
of Preambles by the network for facilitating the CBRA - or 
CFRA - based recovery procedure and these set of reserved 
preambles ( or PRACH time frequency resources ) may not 
be subject to Backoff . 
[ 0121 ] Whether or not Backoff is applied to the corre 
sponding Preamble set may be explicitly or implicitly indi 
cated by the network . In a further improvement , it may be 
just specified or explicitly configured by the gNB , e . g . , using 
dedicated or broadcast signaling that Backoff indicator ( BI ) 
is not applied for RACH access initiated for the purpose of 
making BFRR . In such a case when no Backoff is to be 
applied , e . g . , based on specification , the UE may ignore any 
Backoff MAC subheader received in the Random - Access 
Response irrespective of whether the RACH Preamble / 
Resources used to send the Msgl were reserved or not . 
[ 0122 ] In an alternative interworking of the BFR and RLM 
procedures , the beam revival procedure may assume that BF 
and Out - of - Sync go together , such that one procedure trig 
gers the other or uses the result from the other directly . Here , 
the PHY layer may indicate the Out - of - Sync condition to the 
RRC layer as soon as it initiates the Beam Recovery 
Procedure . A successful beam revival or successful Beam 
Recovery procedure is indicated to the RRC layer as In - Sync 
indication . In this alternative , both Beam Revive and Beam 
Recovery procedures run until the RRC layer stops all UL 
transmissions , e . g . , until T310 expiry . 
[ 0123 ] FIG . 7 depicts a method 700 for handling beam 
failure , according to embodiments of the disclosure . In some 
embodiments , the method 700 is performed by an apparatus , 
such as the remote unit 105 , the UE 205 , and / or the user 
equipment apparatus 300 . In certain embodiments , the 
method 700 may be performed by a processor executing 
program code , for example , a microcontroller , a micropro 
cessor , a CPU , a GPU , an auxiliary processing unit , a FPGA , 
or the like . 
[ 0124 ] The method 700 begins and the apparatus commu 
nicates 705 with a base unit using a first set of beams . The 
method 700 includes detecting 710 beam failure for each 
beam in the first set of beams . In certain embodiments , 
detecting 710 the beam failure is based on measurements on 
one or more beam failure detection reference signals . 
f0125 ] The method 700 includes initiating 715 a beam 
revival procedure in parallel with a beam recovery proce 
dure . Here , the beam recovery procedure comprises trans 
mitting a BFRR . In some embodiments , initiating 715 the 
beam revival procedure in parallel with a beam recovery 
procedure includes determining a resource for transmitting 
the BFRR , transmitting the BFRR on the determined 
resource , and monitoring for a BFRR response while the 
beam revival procedure is not successful ( e . g . , for at least 
one beam in the first set ) . In some embodiments , the beam 
revival procedure includes monitoring the one or more beam 
failure detection reference signals until a radio link failure 
( “ RLF ” ) timer expires . 
[ 0126 ] The method 700 includes terminating 720 the beam 
recovery procedure in response to successful beam revival 
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of at least one beam in the first set and prior to receiving a 
BFRR response from the base unit . In certain embodiments , 
terminating 720 the beam recovery procedure includes stop 
ping transmission of the BFRR if beam revival is successful 
for at least one of the one or more active beams . In certain 
embodiments , terminating 720 the beam recovery procedure 
includes stopping the monitoring for a BFRR response . 
[ 0127 ] . The method 700 includes re - starting 725 commu 
nication with the base unit using the first set of beams in 
response to successful beam revival of at least one beam in 
the first set . The method 700 ends . In one embodiment , the 
beam revival procedure is determined to be successful for an 
active beam of the first set in response to a RSRP measure 
ment value of the active beam being above the configured 
RSRP threshold value for the first number of consecutive 
beam revival instances . In another embodiment , the beam 
revival procedure is determined to be successful for an 
active beam of the first set in response to a hypothetical 
BLER of the active beam being above the configured BLER 
threshold value for the first number of consecutive beam 
revival instances . In certain embodiments , the beam revival 
procedure is determined to be successful for an active beam 
of the first set in response to a PDCCH being successfully 
decoded , wherein a DM - RS of the PDCCH is quasi - co 
located with a beam failure detection reference signal of the 
active beam . 
10128 ] Disclosed herein is a first apparatus for the han 
dling of beam failure at a UE . The first apparatus may be a 
user terminal , such as a remote unit 105 , the UE 205 , and / or 
user equipment apparatus 300 . The first apparatus includes 
a transceiver that communicates with a base unit using a first 
set of beams . The first apparatus includes a processor that 
detects beam failure for each beam in the first set of beams 
and initiates a beam revival procedure in parallel with a 
beam recovery procedure . Here , the beam recovery proce 
dure includes transmitting a beam failure recovery request 
( “ BFRR ' ) . The processor terminates the beam recovery 
procedure in response to successful beam revival of at least 
one beam in the first set and prior to receiving a BFRR 
response from the base unit . Additionally , the processor 
re - starts communication with the base unit using the first set 
of beams in response to successful beam revival of at least 
one beam in the first set . 
[ 0129 ] In various embodiments , the processor further ter 
minates the beam revival procedure in response to receiving 
a BFRR response from the base unit and re - starts commu 
nication with the base unit using a new active beam in 
response to the BFRR response , wherein the new active 
beam is associated with the received BFRR response . In 
certain embodiments , the new active beam is indicated in the 
BFRR response . In certain embodiments , a downlink refer 
ence signal of the new active beam is quasi - co - located with 
a DM - RS of PDCCH , wherein the PDCCH includes sched 
uling information for the BFRR response . In some embodi 
ments , the first set of beams is an active set of beams and the 
apparatus is further configured with a second set of beams 
used for beam failure recovery . 
[ 0130 ] In some embodiments , initiating the beam revival 
procedure in parallel with a beam recovery procedure 
includes the processor determining a resource for transmit 
ting the BFRR , transmitting the BFRR on the determined 
resource , and monitoring for a BFRR response , if the beam 
revival procedure is not successful for at least one beam in 
the first set . In such embodiments , terminating the beam 

recovery procedure includes stopping the monitoring for a 
BFRR response . In certain embodiments , the processor 
detects beam failure for each beam in the first set of beams 
based on measurements on one or more beam failure detec 
tion reference signals . In such embodiments , the beam 
revival procedure includes monitoring the one or more beam 
failure detection reference signals until a radio link failure 
( “ RLF ” ) timer expires . 
[ 0131 ] In some embodiments , the transceiver receives a 
configuration for the beam revival procedure . Here , the 
configuration for the beam revival procedure indicates at 
least one of : a first number of consecutive beam revival 
instances , a RSRP threshold value , and a BLER threshold 
value . In one embodiment , the beam revival procedure is 
determined to be successful for an active beam of the first set 
in response to a RSRP measurement value of the active 
beam being above the configured RSRP threshold value for 
the first number of consecutive beam revival instances . In 
another embodiment , the beam revival procedure is deter 
mined to be successful for an active beam of the first set in 
response to a hypothetical BLER of the active beam being 
above the configured BLER threshold value for the first 
number of consecutive beam revival instances . In certain 
embodiments , the beam revival procedure is determined to 
be successful for an active beam of the first set in response 
to a PDCCH being successfully decoded , where a DM - RS of 
the PDCCH is quasi - co - located with a beam failure detec 
tion reference signal of the active beam . 
[ 0132 ] In some embodiments , the processor further iden 
tifies a new beam using a set of candidate beam reference 
signals and determines a resource for transmitting the BFRR 
based on the identified new beam . In certain embodiments , 
terminating the beam recovery procedure includes stopping 
transmission of the BFRR in response to the beam revival 
procedure being successful for at least one beam of the first 
set of beams . In certain embodiments , the processor further 
releases a grant - free or SPS allocation if detecting beam 
failure for all beams of the first set of beams . In some 
embodiments , the processor further sends an In - Sync indi 
cation for RLM to a higher layer in response to the beam 
revival procedure being successful for at least one beam of 
the first set and sends an Out - of - Sync indication for RLM to 
the higher layer in response to detecting beam failure for 
each beam of the first set . 
[ 0133 ] In various embodiments , transmitting the BFRR 
includes transmitting a contention - based random - access pre 
amble . In some embodiments , the processor further receives 
a Backoff MAC subheader in a Random - Access Response 
message , the Random - Access Response message being a 
response to the contention - based random - access preamble , 
but does not apply a random Backoff for transmitting the 
BFRR . In certain embodiments , the contention - based ran 
dom - access preamble is part of a four - step random - access 
procedure , wherein a third message of the four - step random 
access procedure includes a MAC CE including a bitmap 
with each bit of the bitmap indicating a corresponding beam 
identity . Here , the beam identity may be a beam index . In 
other embodiments , the contention - based random - access 
preamble is part of a two - step random - access procedure , 
wherein a first message of the two - step random - access 
procedure includes a PRACH preamble and PRACH data , 
wherein the PRACH data includes at least a UE identity and 
is transmitted according to an uplink timing advance value 
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calculated based on a receive timing difference between an 
active beam of the first set and a newly found beam . 
[ 0134 ] Disclosed herein is a first method for the handling 
of beam failure at a UE . The first method may be performed 
by a user terminal , such as a remote unit 105 , the UE 205 , 
and / or user equipment apparatus 300 . The first method 
includes communicating with a base unit using a first set of 
beams and detecting beam failure for each beam in the first 
set of beams . The first method includes initiating a beam 
revival procedure in parallel with a beam recovery proce 
dure . Here , the beam recovery procedure includes transmit 
ting a BFRR . The first method includes terminating the 
beam recovery procedure in response to successful beam 
revival of at least one beam in the first set and prior to 
receiving a BFRR response from the base unit and re 
starting communication with the base unit using the first set 
of beams in response to successful beam revival of at least 
one beam in the first set . 
[ 0135 ] In various embodiments , the first method also 
includes terminating the beam revival procedure in response 
to receiving a BFRR response from the base unit and 
re - starting communication with the base unit using a new 
active beam in response to the BFRR response , wherein the 
new active beam is associated with the received BFRR 
response . In certain embodiments , a downlink reference 
signal of the new active beam is quasi - co - located with a 
DM - RS of a PDCCH , wherein the PDCCH includes sched 
uling information for the BFRR response . In certain embodi 
ments , the new active beam is indicated in the BFRR 
response . In some embodiments , the first set of beams is an 
active set of beams , and the user terminal is further config 
ured with a second set of beams used for beam failure 
recovery . 
[ 0136 ] In some embodiments , initiating the beam revival 
procedure in parallel with a beam recovery procedure 
includes determining a resource for transmitting the BFRR , 
transmitting the BFRR on the determined resource , and 
monitoring for a BFRR response , if the beam revival pro 
cedure is not successful for at least one beam in the first set . 
In such embodiments , terminating the beam recovery pro 
cedure includes stopping the monitoring for a BFRR 
response . In certain embodiments , detecting beam failure for 
each beam in the first set of beams is based on measurements 
on one or more beam failure detection reference signals , 
wherein the beam revival procedure includes monitoring the 
one or more beam failure detection reference signals until an 
RLF timer expires . 
[ 0137 ] In various embodiments , the first method includes 
receiving a configuration for the beam revival procedure , 
wherein the configuration for the beam revival procedure 
indicates at least one of : a first number of consecutive beam 
revival instances , a RSRP threshold value , and a BLER 
threshold value . In one embodiment , the beam revival 
procedure is determined to be successful for an active beam 
of the first set in response to a RSRP measurement value of 
the active beam being above the configured RSRP threshold 
value for the first number of consecutive beam revival 
instances . In another embodiment , the beam revival proce 
dure is determined to be successful for an active beam of the 
first set in response to a hypothetical BLER of the active 
beam being above the configured BLER threshold value for 
the first number of consecutive beam revival instances . In 
certain embodiments , the beam revival procedure is deter 
mined to be successful for an active beam of the first set in 

response to a PDCCH being successfully decoded , wherein 
a DM - RS of the PDCCH is quasi - co - located with a beam 
failure detection reference signal of the active beam . 
[ 0138 ] In some embodiments , the first method includes 
identifying a new beam using a set of candidate beam 
reference signals and determining a resource for transmitting 
the BFRR based on the identified new beam . In certain 
embodiments , terminating the beam recovery procedure 
includes stopping transmission of the BFRR in response to 
the beam revival procedure being successful for at least one 
beam of the first set of beams . In certain embodiments , the 
first method includes releasing a grant - free or SPS allocation 
in response to detecting beam failure for all beams of the 
first set of beams . In some embodiments , the first method 
includes Sending an In - Sync indication for RLM to a higher 
layer in response to the beam revival procedure being 
successful for at least one beam of the first set and Sending 
an Out - of - Sync indication for RLM to the higher layer in 
response to detecting beam failure for each beam of the first 
set . 
[ 0139 ] In various embodiments , transmitting the BFRR 
includes transmitting a contention - based random - access pre 
amble . In certain embodiments , the first method includes 
receiving a Backoff MAC subheader is received in a Ran 
dom - Access Response message , the Random - Access 
Response message being a response to the contention - based 
random - access preamble and not applying a random Backoff 
for transmitting the BFRR . In one embodiment , the conten 
tion - based random - access preamble is part of a four - step 
random - access procedure , wherein a third message of the 
four - step random - access procedure includes a medium 
access control MAC CE including a bitmap with each bit of 
the bitmap indicating a corresponding beam identity . In 
another embodiment , the contention - based random - access 
preamble is part of a two - step random - access procedure . 
Here , a first message of the two - step random - access proce 
dure includes a PRACH preamble and PRACH data , 
wherein the PRACH data includes at least a UE identity and 
is transmitted according to an uplink timing advance value 
calculated based on a receive timing difference between an 
active beam of the first set and a newly found beam . 
[ 0140 ] Embodiments may be practiced in other specific 
forms . The described embodiments are to be considered in 
all respects only as illustrative and not restrictive . The scope 
of the invention is , therefore , indicated by the appended 
claims rather than by the foregoing description . All changes 
which come within the meaning and range of equivalency of 
the claims are to be embraced within their scope . 
What is claimed is : 
1 . A method comprising : 
communicating with a base unit using a first set of beams ; 
detecting beam failure for each beam in the first set of 
beams ; 

initiating a beam revival procedure in parallel with a beam 
recovery procedure , wherein the beam recovery proce 
dure comprises transmitting a beam failure recovery 
request ( “ BFRR ” ) ; 

terminating the beam recovery procedure in response to 
successful beam revival of at least one beam in the first 
set and prior to receiving a BFRR response from the 
base unit ; and 

re - starting communication with the base unit using the 
first set of beams in response to successful beam revival 
of at least one beam in the first set . 
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2 . The method of claim 1 , further comprising : 
terminating the beam revival procedure in response to 

receiving a BFRR response from the base unit ; and 
re - starting communication with the base unit using a new 

active beam in response to the BFRR response , wherein 
the new active beam is associated with the received 
BFRR response . 

3 . The method of claim 1 , wherein initiating the beam 
revival procedure in parallel with a beam recovery proce 
dure comprises : 

determining a resource for transmitting the BFRR ; 
transmitting the BFRR on the determined resource ; and 
monitoring for a BFRR response , if the beam revival 

procedure is not successful at least one beam in the first 
set , 

wherein terminating the beam recovery procedure com 
prises stopping the monitoring for a BFRR response . 

4 . The method of claim 1 , wherein detecting beam failure 
for each beam in the first set of beams is based on measure 
ments on one or more beam failure detection reference 
signals , wherein the beam revival procedure comprises 
monitoring the one or more beam failure detection reference 
signals until a radio link failure ( “ RLF ” ) timer expires . 

5 . The method of claim 1 , further comprising receiving a 
configuration for the beam revival procedure , wherein the 
configuration for the beam revival procedure indicates at 
least one of : a first number of consecutive beam revival 
instances , a reference signal received power ( “ RSRP " ) 
threshold value , and a block error rate ( “ BLER ” ) threshold 
value . 

6 . The method of claim 5 , wherein the beam revival 
procedure is determined to be successful for an active beam 
of the first set in response to a RSRP measurement value of 
the active beam being above a configured RSRP threshold 
value for the first number of consecutive beam revival 
instances . 

7 . The method of claim 5 , wherein the beam revival 
procedure is determined to be successful for an active beam 
of the first set in response to a hypothetical BLER of the 
active beam being above a configured BLER threshold value 
for the first number of consecutive beam revival instances . 

8 . The method of claim 5 , wherein the beam revival 
procedure is determined to be successful for an active beam 
of the first set in response to a PDCCH being successfully 
decoded , wherein a demodulation reference signal of the 
PDCCH is quasi - co - located with a beam failure detection 
reference signal of the active beam . 

9 . The method of claim 1 , further comprising : 
identifying a new beam using a set of candidate beam 

reference signals , and 
determining a resource for transmitting the BFRR based 

on the identified new beam . 
10 . The method of claim 1 , wherein terminating the beam 

recovery procedure comprises stopping transmission of the 
BFRR in response to the beam revival procedure being 
successful for at least one beam of the first set of beams . 

11 . The method of claim 1 , further comprising releasing 
a grant - free or SPS allocation if detecting beam failure for 
all beams of the first set of beams . 

12 . The method of claim 1 , further comprising : 
sending an In - Sync indication for radio link monitoring 

( “ RLM " ) to a higher layer in response to the beam 
revival procedure being successful for at least one 
beam of the first set , and 

sending an Out - of - Sync indication for RLM to the higher 
layer in response to detecting beam failure for each 
beam of the first set . 

13 . The method of claim 1 , wherein transmitting the 
BFRR comprises transmitting a contention - based random 
access preamble . 

14 . The method of claim 13 , further comprising : 
receiving a Backoff MAC subheader in a Random - Access 
Response message , the Random - Access Response 
message being a response to the contention - based ran 
dom - access preamble ; and 

not applying a random Backoff for transmitting the 
BFRR . 

15 . The method of claim 13 , wherein the contention - based 
random - access preamble is a first message of a four - step 
random - access procedure , wherein a third message of the 
four - step random - access procedure comprises a medium 
access control ( “ MAC ” ) control element ( “ CE ” ) including a 
bitmap with each bit of the bitmap indicating a correspond 
ing beam identity . 

16 . The method of claim 13 , wherein the contention - based 
random - access preamble is a first message of a two - step 
random - access procedure and comprises a PRACH pre 
amble and PRACH data , wherein the PRACH data includes 
at least a UE identity and is transmitted according to an 
uplink timing advance value calculated based on a receive 
timing difference between an active beam of the first set of 
beams and a newly found beam . 

17 . An apparatus comprising : 
a transceiver that communicates with a base unit using a 

first set of beams ; and 
a processor that : 
detects beam failure for each beam in the first set of 
beams ; 

initiates a beam revival procedure in parallel with a beam 
recovery procedure , wherein the beam recovery proce 
dure comprises transmitting a beam failure recovery 
request ( “ BFRR ” ) ; 

terminates the beam recovery procedure in response to 
successful beam revival of at least one beam in the first 
set and prior to receiving a BFRR response from the 
base unit ; and 

re - starts communication with the base unit using the first 
set of beams in response to successful beam revival of 
at least one beam in the first set . 

18 . The apparatus of claim 17 , wherein the processor 
further : 

terminates the beam revival procedure in response to 
receiving a BFRR response from the base unit ; and 

re - starts communication with the base unit using a new 
active beam in response to the BFRR response , wherein 
the new active beam is associated with the received 
BFRR response . 

19 . The apparatus of claim 17 , wherein initiating the beam 
revival procedure in parallel with a beam recovery proce 
dure comprises : 

determining a resource for transmitting the BFRR ; 
transmitting the BFRR on the determined resource ; and 
monitoring for a BFRR response , if the beam revival 

procedure is not successful at least one beam in the first 
set , 

wherein terminating the beam recovery procedure com 
prises stopping the monitoring for a BFRR response . 
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20 . The apparatus of claim 17 , wherein terminating the 
beam recovery procedure comprises stopping transmission 
of the BFRR in response to the beam revival procedure 
being successful for at least one beam of the first set of 
beams . 

23




