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( 57 ) ABSTRACT 
A method of a user equipment ( UE ) for multi - beam opera 
tion in a wireless communication system is provided . The 
method comprises receiving , from a base station ( BS ) , 
configuration information for a search space in which to 
receive a response to a beam failure recovery request , 
monitoring at least a channel state information reference 
signal ( CSI - RS ) included in a first set of reference signals to 
detect a beam failure event based on a threshold , measuring 
at least one of a reference signal received power ( RSRP ) of 
the CSI - RS or an RSRP of synchronization signal / physical 
broadcasting channel ( SS / PBCH ) blocks in a second set of 
reference signals when the beam failure event is detected , 
identifying a new candidate beam based on the measured 
RSRPs , and transmitting , to the BS , the beam failure recov 
ery request over a physical random access channel 
( PRACH ) based on detection of the beam failure event . 
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METHOD AND APPARATUS FOR BEAM 
REPORTING IN NEXT GENERATION 

WIRELESS SYSTEMS 

CROSS - REFERENCE TO RELATED 
APPLICATION ( S ) AND CLAIM OF PRIORITY 

TECHNICAL FIELD 
[ 0028 ] The present application relates generally to signal 
reporting . More specifically , this disclosure relates to beam 
reporting scheme in a next generation wireless communica 
tion system . 

BACKGROUND 
[ 0029 ] In a wireless communication network , a network 
access and a radio resource management ( RRM ) are enabled 
by physical layer synchronization signals and higher ( MAC ) 
layer procedures . In particular , a user equipment ( UE ) 
attempts to detect the presence of synchronization signals 
along with at least one cell identification ( ID ) for initial 
access . Once the UE is in the network and associated with 
a serving cell , the UE monitors several neighboring cells by 
attempting to detect their synchronization signals and / or 
measuring the associated cell - specific reference signals 
( RSS ) . For next generation cellular systems such as third 
generation partnership - new radio access or interface ( 3GPP 
NR ) , efficient and unified radio resource acquisition or 
tracking mechanism which works for various use cases such 
as enhanced mobile broadband ( MBB ) , ultra - reliable low 
latency ( URLLC ) , massive machine type communication 
( mMTC ) , each corresponding to a different coverage 
requirement and frequency bands with different propagation 
losses is desirable . 

SUMMARY 

[ 0001 ] The present application claims priority to : 
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[ 0027 ] The content of the above - identified patent docu 
ments are incorporated herein by reference . 

( 0030 ) Embodiments of the present disclosure provide 
beam reporting scheme in an advanced wireless communi 
cation system . 
[ 0031 ] In one embodiment , a user equipment ( UE ) in a 
wireless communication system is provided . The UE com 
prises a transceiver configured to receive , from a base station 
( BS ) , configuration information for a search space in which 
to receive a response to a beam failure recovery request . The 
UE further comprises a processor operably connected to the 
transceiver , the processor configured to monitor at least a 
channel state information reference signal ( CSI - RS ) 
included in a first set of reference signals to detect a beam 
failure event based on a threshold , measure at least one of a 
reference signal received power ( RSRP ) of the CSI - RS or an 
RSRP of a synchronization signal / physical broadcasting 
channel ( SS / PBCH ) block in a second set of reference 
signals when the beam failure event is detected , and identify 
a new candidate beam based on the measured RSRPs . The 
transceiver of the UE is further configured to transmit , to the 
BS , the beam failure recovery request over a physical 
random access channel ( PRACH ) based on detection of the 
beam failure event . 
[ 0032 ] In another embodiment , a base station ( BS ) in a 
wireless communication system is provided . The BS com 
prises a processor configured to determine at least a channel 
state information reference signal ( CSI - RS ) included in a 
first set of reference signals that is used for detecting a beam 
failure event , by a user equipment ( UE ) , based on a thresh 
old . The BS further comprises a transceiver operably con 
nected to the processor , the transceiver configured to trans 
mit , to the UE , configuration information for a search space 
in which to transmit a response to a beam failure recovery 
request , and receive , from the UE , the beam failure recovery 
request over a physical random access channel ( PRACH ) 
based on detection of the beam failure event . At least one of 
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code . The phrase " computer readable program code ” 
includes any type of computer code , including source code , 
object code , and executable code . The phrase " computer 
readable medium ” includes any type of medium capable of 
being accessed by a computer , such as read only memory 
( ROM ) , random access memory ( RAM ) , a hard disk drive , 
a compact disc ( CD ) , a digital video disc ( DVD ) , or any 
other type of memory . A “ non - transitory ” computer readable 
medium excludes wired , wireless , optical , or other commu 
nication links that transport transitory electrical or other 
signals . A non - transitory computer readable medium 
includes media where data can be permanently stored and 
media where data can be stored and later overwritten , such 
as a rewritable optical disc or an erasable memory device . 
[ 0037 ] Definitions for other certain words and phrases are 
provided throughout this patent document . Those of ordi 
nary skill in the art should understand that in many if not 
most instances , such definitions apply to prior as well as 
future uses of such defined words and phrases . 

BRIEF DESCRIPTION OF THE DRAWINGS 

a reference signal received power ( RSRP ) of the CSI - RS or 
an RSRP of a synchronization signal / physical broadcasting 
channel ( SS / PBCH ) block in a second set of reference 
signals is measured at the UE when a beam failure event is 
detected , and wherein a new candidate beam is identified , by 
the UE , based on the measured RSRPs . 
[ 0033 ] In yet another embodiment , a method of a user 
equipment ( UE ) for beam reporting in a wireless commu 
nication system is provided . The method comprises receiv 
ing , from a base station ( BS ) , configuration information for 
a search space in which to receive a response to a beam 
failure recovery request , monitoring at least a channel state 
information reference signal ( CSI - RS ) included in a first set 
of reference signals to detect a beam failure event based on 
a threshold , measuring at least one of a reference signal 
received power ( RSRP ) of the CSI - RS or an RSRP of a 
synchronization signal / physical broadcasting channel ( SS / 
PBCH ) block in a second set of reference signals when the 
beam failure event is detected , identifying a new candidate 
beam based on the measured RSRPs , and transmitting , to the 
BS , the beam failure recovery request over a physical 
random access channel ( PRACH ) based on detection of the 
beam failure event . 
[ 0034 ] Other technical features may be readily apparent to 
one skilled in the art from the following figures , descrip 
tions , and claims . 
[ 0035 ] Before undertaking the DETAILED DESCRIP 
TION below , it may be advantageous to set forth definitions 
of certain words and phrases used throughout this patent 
document . The term “ couple ” and its derivatives refer to any 
direct or indirect communication between two or more 
elements , whether or not those elements are in physical 
contact with one another . The terms “ transmit , " " receive , " 
and “ communicate , ” as well as derivatives thereof , encom 
pass both direct and indirect communication . The terms 
“ include ” and “ comprise , ” as well as derivatives thereof , 
mean inclusion without limitation . The term “ or ” is inclu 
sive , meaning and / or . The phrase " associated with , " as well 
as derivatives thereof , means to include , be included within , 
interconnect with , contain , be contained within , connect to 
or with , couple to or with , be communicable with , cooperate 
with , interleave , juxtapose , be proximate to , be bound to or 
with , have , have a property of , have a relationship to or with , 
or the like . The term " controller ” means any device , system 
or part thereof that controls at least one operation . Such a 
controller may be implemented in hardware or a combina 
tion of hardware and software and / or firmware . The func 
tionality associated with any particular controller may be 
centralized or distributed , whether locally or remotely . The 
phrase " at least one of , ” when used with a list of items , 
means that different combinations of one or more of the 
listed items may be used , and only one item in the list may 
be needed . For example , " at least one of : A , B , and C ” 
includes any of the following combinations : A , B , C , A and 
B , A and C , B and C , and A and B and C . 
[ 0036 ) . Moreover , various functions described below can 
be implemented or supported by one or more computer 
programs , each of which is formed from computer readable 
program code and embodied in a computer readable 
medium . The terms " application " and " program ” refer to 
one or more computer programs , software components , sets 
of instructions , procedures , functions , objects , classes , 
instances , related data , or a portion thereof adapted for 
implementation in a suitable computer readable program 

[ 0038 ] For a more complete understanding of the present 
disclosure and its advantages , reference is now made to the 
following description taken in conjunction with the accom 
panying drawings , in which like reference numerals repre 
sent like parts : 
[ 0039 ] FIG . 1 illustrates an example wireless network 
according to embodiments of the present disclosure ; 
[ 0040 ] FIG . 2 illustrates an example eNB according to 
embodiments of the present disclosure ; 
[ 0041 ] FIG . 3 illustrates an example UE according to 
embodiments of the present disclosure ; 
[ 0042 ] FIG . 4A illustrates a high - level diagram of an 
orthogonal frequency division multiple access transmit path 
according to embodiments of the present disclosure ; 
[ 0043 ] FIG . 4B illustrates a high - level diagram of an 
orthogonal frequency division multiple access receive path 
according to embodiments of the present disclosure ; 
100441 FIG . 5 illustrates a transmitter block diagram for a 
PDSCH in a subframe according to embodiments of the 
present disclosure ; 
10045 ] FIG . 6 illustrates a receiver block diagram for a 
PDSCH in a subframe according to embodiments of the 
present disclosure ; 
100461 . FIG . 7 illustrates a transmitter block diagram for a 
PUSCH in a subframe according to embodiments of the 
present disclosure ; 
100471 FIG . 8 illustrates a receiver block diagram for a 
PUSCH in a subframe according to embodiments of the 
present disclosure ; 
[ 0048 ] FIG . 9 illustrates an example multiplexing of two 
slices according to embodiments of the present disclosure ; 
00491 . FIG . 10 illustrates an example antenna blocks 
according to embodiments of the present disclosure ; 
[ 0050 ] FIG . 11 illustrates an example UE mobility sce 
nario according to embodiments of the present disclosure ; 
[ 0051 ] FIG . 12A illustrates a MAC - CE message according 
to embodiments of the present disclosure ; 
[ 0052 ] FIG . 12B illustrates another MAC - CE message 
according to embodiments of the present disclosure ; 
[ 0053 ] FIG . 12C illustrates yet another MAC - CE message 
according to embodiments of the present disclosure ; 
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[ 0054 ] FIG . 13 illustrates a flowchart of a method for 
beam failure of SCell according to embodiments of the 
present disclosure ; and 
[ 0055 ) FIG . 14 illustrates a flowchart of a method for a 
user equipment ( UE ) according to embodiments of the 
present disclosure . 

DETAILED DESCRIPTION 
[ 0056 ] FIG . 1 through FIG . 14 , discussed below , and the 
various embodiments used to describe the principles of the 
present disclosure in this patent document are by way of 
illustration only and should not be construed in any way to 
limit the scope of the disclosure . Those skilled in the art will 
understand that the principles of the present disclosure may 
be implemented in any suitably arranged system or device . 
[ 0057 ] The following documents and standards descrip 
tions are hereby incorporated by reference into the present 
disclosure as if fully set forth herein : 3GPP TS 36 . 211 
v14 . 0 . 0 , “ E - UTRA , Physical channels and modulation ; " 
3GPP TS 36 . 212 v14 . 0 . 0 , “ E - UTRA , Multiplexing and 
Channel coding ; " 3GPP TS 36 . 213 v14 . 0 . 0 , “ E - UTRA , 
Physical Layer Procedures ; " 3GPP TS 36 . 321 v14 . 0 . 0 , 
“ E - UTRA , Medium Access Control ( MAC ) protocol speci 
fication ; " 3GPP TS 36 . 331 v14 . 0 . 0 , “ E - UTRA , Radio 
Resource Control ( RRC ) Protocol Specification ; " 3GPP TS 
38 . 211 v15 . 0 . 0 , “ NR , Physical channels and modulation ; " 
3GPP TS 38 . 212 v15 . 0 . 0 , “ NR , Multiplexing and Channel 
coding ; " 3GPP TS 38 . 213 v15 . 0 . 0 , “ NR , Physical Layer 
Procedures for Control ; " 3GPP TS 38 . 214 v15 . 0 . 0 , “ NR , 
Physical Layer Procedures For Data ; " 3GPP TS 38 . 321 
v15 . 0 . 0 , “ NR , Medium Access Control ( MAC ) protocol 
specification ; " and 3GPP TS 38 . 331 v15 . 0 . 0 , “ NR , Radio 
Resource Control ( RRC ) Protocol Specification . ” 
[ 0058 ] To meet the demand for wireless data traffic having 
increased since deployment of 4G communication systems , 
efforts have been made to develop an improved 5G or 
pre - 5G communication system . Therefore , the 5G or pre - 5G 
communication system is also called a “ beyond 4G net 
work ” or a “ post LTE system . ” 
[ 0059 ] The 5G communication system is considered to be 
implemented in higher frequency ( mm Wave ) bands , e . g . , 60 
GHz bands , so as to accomplish higher data rates . To 
decrease propagation loss of the radio waves and increase 
the transmission coverage , the beamforming , massive mul 
tiple - input multiple - output ( MIMO ) , full dimensional 
MIMO ( FD - MIMO ) , array antenna , an analog beam form 
ing , large scale antenna techniques and the like are discussed 
in 5G communication systems . 
[ 0060 ] In addition , in 5G communication systems , devel 
opment for system network improvement is under way 
based on advanced small cells , cloud radio access networks 
( RANs ) , ultra - dense networks , device - to - device ( D2D ) 
communication , wireless backhaul communication , moving 
network , cooperative communication , coordinated multi 
points ( COMP ) transmission and reception , interference 
mitigation and cancellation and the like . 
[ 0061 ] In the 5G system , hybrid frequency shift keying 
and quadrature amplitude modulation ( FQAM ) and sliding 
window superposition coding ( SWSC ) as an adaptive modu 
lation and coding ( AMC ) technique , and filter bank multi 
carrier ( FBMC ) , non - orthogonal multiple access ( NOMA ) , 
and sparse code multiple access ( SCMA ) as an advanced 
access technology have been developed . 

[ 0062 ] FIGS . 1 - 4B below describe various embodiments 
implemented in wireless communications systems and with 
the use of orthogonal frequency division multiplexing 
( OFDM ) or orthogonal frequency division multiple access 
( OFDMA ) communication techniques . The descriptions of 
FIGS . 1 - 3 are not meant to imply physical or architectural 
limitations to the manner in which different embodiments 
may be implemented . Different embodiments of the present 
disclosure may be implemented in any suitably - arranged 
communications system . 
[ 0063 ] FIG . 1 illustrates an example wireless network 
according to embodiments of the present disclosure . The 
embodiment of the wireless network shown in FIG . 1 is for 
illustration only . Other embodiments of the wireless network 
100 could be used without departing from the scope of this 
disclosure . 
100641 As shown in FIG . 1 , the wireless network includes 
an eNB 101 , an eNB 102 , and an eNB 103 . The eNB 101 
communicates with the eNB 102 and the eNB 103 . The eNB 
101 also communicates with at least one network 130 , such 
as the Internet , a proprietary Internet Protocol ( IP ) network , 
or other data network . 
[ 0065 ] The eNB 102 provides wireless broadband access 
to the network 130 for a first plurality of UEs within a 
coverage area 120 of the eNB 102 . The first plurality of UES 
includes a UE 111 , which may be located in a small business 
( SB ) ; a UE 112 , which may be located in an enterprise ( E ) ; 
a UE 113 , which may be located in a WiFi hotspot ( HS ) ; a 
UE 114 , which may be located in a first residence ( R ) ; a UE 
115 , which may be located in a second residence ( R ) ; and a 
UE 116 , which may be a mobile device ( M ) , such as a cell 
phone , a wireless laptop , a wireless PDA , or the like . The 
eNB 103 provides wireless broadband access to the network 
130 for a second plurality of UEs within a coverage area 125 
of the eNB 103 . The second plurality of UEs includes the UE 
115 and the UE 116 . In some embodiments , one or more of 
the eNBs 101 - 103 may communicate with each other and 
with the UEs 111 - 116 using 5G , LTE , LTE - A , WiMAX , 
WiFi , or other wireless communication techniques . 
[ 0066 ] Depending on the network type , the term “ base 
station ” or “ BS ” can refer to any component ( or collection 
of components ) configured to provide wireless access to a 
network , such as transmit point ( TP ) , transmit - receive point 
( TRP ) , an enhanced base station ( eNodeB or eNB ) , a 5G 
base station ( GNB ) , a macrocell , a femtocell , a WiFi access 
point ( AP ) , or other wirelessly enabled devices . Base sta 
tions may provide wireless access in accordance with one or 
more wireless communication protocols , e . g . , 5G 3GPP new 
radio interface / access ( NR ) , long term evolution ( LTE ) , LTE 
advanced ( LTE - A ) , high speed packet access ( HSPA ) , Wi - Fi 
802 . 11a / b / g / n / ac , etc . For the sake of convenience , the terms 
“ BS ” and “ TRP ” are used interchangeably in this patent 
document to refer to network infrastructure components that 
provide wireless access to remote terminals . Also , depend 
ing on the network type , the term “ user equipment ” or “ UE ” 
can refer to any component such as “ mobile station , " " sub 
scriber station , " " remote terminal , " " wireless terminal , " 
" receive point , " or " user device . ” For the sake of conve 
nience , the terms “ user equipment ” and “ UE ” are used in 
this patent document to refer to remote wireless equipment 
that wirelessly accesses a BS , whether the UE is a mobile 
device ( such as a mobile telephone or smartphone ) or is 
normally considered a stationary device ( such as a desktop 
computer or vending machine ) . 
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[ 0067 ] Dotted lines show the approximate extents of the 
coverage areas 120 and 125 , which are shown as approxi 
mately circular for the purposes of illustration and explana 
tion only . It should be clearly understood that the coverage 
areas associated with eNBs , such as the coverage areas 120 
and 125 , may have other shapes , including irregular shapes , 
depending upon the configuration of the eNBs and variations 
in the radio environment associated with natural and man 
made obstructions . 
[ 0068 ] As described in more detail below , one or more of 
the UEs 111 - 116 include circuitry , programming , or a com 
bination thereof , for efficient beam reporting in an advanced 
wireless communication system . In certain embodiments , 
and one or more of the eNBs 101 - 103 includes circuitry , 
programming , or a combination thereof , for receiving effi 
cient beam reporting in an advanced wireless communica 
tion system . 
[ 0069 ] Although FIG . 1 illustrates one example of a wire 
less network , various changes may be made to FIG . 1 . For 
example , the wireless network could include any number of 
eNBs and any number of UEs in any suitable arrangement . 
Also , the eNB 101 could communicate directly with any 
number of UEs and provide those UEs with wireless broad 
band access to the network 130 . Similarly , each eNB 102 
103 could communicate directly with the network 130 and 
provide UEs with direct wireless broadband access to the 
network 130 . Further , the eNBs 101 , 102 , and / or 103 could 
provide access to other or additional external networks , such 
as external telephone networks or other types of data net 
works . 
[ 0070 ] FIG . 2 illustrates an example eNB 102 according to 
embodiments of the present disclosure . The embodiment of 
the eNB 102 illustrated in FIG . 2 is for illustration only , and 
the eNBs 101 and 103 of FIG . 1 could have the same or 
similar configuration . However , eNBs come in a wide vari 
ety of configurations , and FIG . 2 does not limit the scope of 
this disclosure to any particular implementation of an eNB . 
[ 0071 ] As shown in FIG . 2 , the eNB 102 includes multiple 
antennas 205a - 205n , multiple RF transceivers 210a - 210n , 
transmit ( TX ) processing circuitry 215 , and receive ( RX ) 
processing circuitry 220 . The eNB 102 also includes a 
controller / processor 225 , a memory 230 , and a backhaul or 
network interface 235 . 
[ 0072 ] The RF transceivers 210a - 210n receive , from the 
antennas 205a - 205n , incoming RF signals , such as signals 
transmitted by UEs in the network 100 . The RF transceivers 
210a - 210n down - convert the incoming RF signals to gen 
erate IF or baseband signals . The IF or baseband signals are 
sent to the RX processing circuitry 220 , which generates 
processed baseband signals by filtering , decoding , and / or 
digitizing the baseband or IF signals . The RX processing 
circuitry 220 transmits the processed baseband signals to the 
controller / processor 225 for further processing . 
[ 0073 ] The TX processing circuitry 215 receives analog or 
digital data ( such as voice data , web data , e - mail , or inter 
active video game data ) from the controller / processor 225 . 
The TX processing circuitry 215 encodes , multiplexes , 
and / or digitizes the outgoing baseband data to generate 
processed baseband or IF signals . The RF transceivers 
210a - 210n receive the outgoing processed baseband or IF 
signals from the TX processing circuitry 215 and up - con 
verts the baseband or IF signals to RF signals that are 
transmitted via the antennas 205a - 205n . 

[ 0074 ] The controller / processor 225 can include one or 
more processors or other processing devices that control the 
overall operation of the eNB 102 . For example , the control 
ler / processor 225 could control the reception of forward 
channel signals and the transmission of reverse channel 
signals by the RF transceivers 210a - 210n , the RX process 
ing circuitry 220 , and the TX processing circuitry 215 in 
accordance with well - known principles . The controller / pro 
cessor 225 could support additional functions as well , such 
as more advanced wireless communication functions . For 
instance , the controller / processor 225 could support beam 
forming or directional routing operations in which outgoing 
signals from multiple antennas 205a - 205n are weighted 
differently to effectively steer the outgoing signals in a 
desired direction . Any of a wide variety of other functions 
could be supported in the NB 102 by the controller / 
processor 225 . 
[ 0075 ] The controller / processor 225 is also capable of 
executing programs and other processes resident in the 
memory 230 , such as an OS . The controller / processor 225 
can move data into or out of the memory 230 as required by 
an executing process . 
[ 0076 ] The controller / processor 225 is also coupled to the 
backhaul or network interface 235 . The backhaul or network 
interface 235 allows the eNB 102 to communicate with other 
devices or systems over a backhaul connection or over a 
network . The interface 235 could support communications 
over any suitable wired or wireless connection ( s ) . For 
example , when the eNB 102 is implemented as part of a 
cellular communication system ( such as one supporting 5G , 
LTE , or LTE - A ) , the interface 235 could allow the eNB 102 
to communicate with other eNBs over a wired or wireless 
backhaul connection . When the eNB 102 is implemented as 
an access point , the interface 235 could allow the eNB 102 
to communicate over a wired or wireless local area network 
or over a wired or wireless connection to a larger network 
( such as the Internet ) . The interface 235 includes any 
suitable structure supporting communications over a wired 
or wireless connection , such as an Ethernet or RF trans 
ceiver . 
[ 0077 ] The memory 230 is coupled to the controller / 
processor 225 . Part of the memory 230 could include a 
RAM , and another part of the memory 230 could include a 
Flash memory or other ROM . 
[ 0078 ] Although FIG . 2 illustrates one example of eNB 
102 , various changes may be made to FIG . 2 . For example , 
the eNB 102 could include any number of each component 
shown in FIG . 2 . As a particular example , an access point 
could include a number of interfaces 235 , and the controller / 
processor 225 could support routing functions to route data 
between different network addresses . As another particular 
example , while shown as including a single instance of TX 
processing circuitry 215 and a single instance of RX pro 
cessing circuitry 220 , the eNB 102 could include multiple 
instances of each ( such as one per RF transceiver ) . Also , 
various components in FIG . 2 could be combined , further 
subdivided , or omitted and additional components could be 
added according to particular needs . 
[ 0079 ] FIG . 3 illustrates an example UE 116 according to 
embodiments of the present disclosure . The embodiment of 
the UE 116 illustrated in FIG . 3 is for illustration only , and 
the UEs 111 - 115 of FIG . 1 could have the same or similar 
configuration . However , UEs come in a wide variety of 










































































