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Description 
Title of Invention: APPARATUS AND METHOD OF BEAM 

RECOVERY ON SECONDARY CELL 
Technical Field 

[l] The disclosure relates to a system, a method and an apparatus for beam failure 

recovery on a secondary cell. 

Background Art 
[2] To meet the demand for wireless data traffic having increased since deployment of 

fourth generation (4G) communication systems, efforts have been made to develop an 

improved fifth generation (5G) or pre-5G communication system. Therefore, the 5G or 

pre-5G communication system is also called a 'Beyond 4G network' or a 'post Long 

Term Evolution (LTE) System.' The 5G wireless communication system is considered 

to be implemented not only in lower frequency bands but also in higher frequency 

(mm Wave) bands, e.g., 10 GHz to 100 GHz bands, so as to accomplish higher data 

rates. These frequency bands can be licensed or unlicensed. To mitigate propagation 

loss of the radio waves and increase the transmission distance, the beamforming, 

massive Multiple-Input Multiple-Output (MIMO), Full Dimensional MIMO 

(FD-MIMO), array antenna, an analog beam forming, and large scale antenna 

techniques are being considered in the design of the 5G wireless communication 

system. In addition, in 5G communication systems, development 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, moving network, cooperative communication, Coordinated Multi­

Points (CoMP), reception-end interference cancellation and the like. In the 5G system, 

hybrid Frequency Shift Keying (FSK) and Quadrature Amplitude Modulation (QAM) 

(FQAM) and Sliding Window Superposition Coding (SWSC) as an Advanced Coding 

Modulation (ACM), Filter Bank Multi Carrier (FBMC), Non-Orthogonal Multiple 

Access (NOMA), and Sparse Code Multiple Access (SCMA) as an advanced access 

technology have been developed. 

[3] The Internet, which is a human centered connectivity network where humans 

generate and consume information, is now evolving to the Internet of Things (IoT) 

where distributed entities, such as things, exchange and process information without 

human intervention. The Internet of Everything (IoE), which is a combination of the 

IoT technology and the big data processing technology through connection with a 

cloud server, has emerged. As technology elements, such as "sensing technology", 

"wired/wireless communication and network infrastructure", "service interface 
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technology", and "security technology" have been demanded for IoT implementation, a 

sensor network, a Machine-to-Machine (M2M) communication, Machine Type Com­

munication (MTC), and so forth have been recently researched. Such an IoT en­

vironment may provide intelligent Internet technology services that create a new value 

to human life by collecting and analyzing data generated among connected things. IoT 

may be applied to a variety of fields including smart home, smart building, smart city, 

smart car or connected cars, smart grid, health care, smart appliances and advanced 

medical services through convergence and combination between existing Information 

Technology (IT) and various industrial applications. 

[ 4] In line with this, various attempts have been made to apply 5G communication 

systems to IoT networks. For example, technologies, such as a sensor network, MTC 

and M2M communication may be implemented by beamforming, MIMO and array 

antennas. Application of a cloud RAN as the above-described big data processing 

technology may also be considered to be as an example of convergence between the 

5G technology and the IoT technology. 

[5] In the recent years several broadband wireless technologies have been developed to 

meet the growing number of broadband subscribers and to provide more and better ap­

plications and services. The second generation (2G) wireless communication system 

has been developed to provide voice services while ensuring the mobility of users. The 

third generation (3G) wireless communication system supports not only the voice 

service but also data service. The 4G wireless communication system has been 

developed to provide high-speed data service. However, the 4G wireless commu­

nication system suffers from lack of resources to meet the growing demand for high 

speed data services. Therefore, the 5G wireless communication system is being 

developed to meet the growing demand of various services with diverse requirement, 

e.g., high speed data services, support ultra-reliability and low latency applications. 

[6] In addition, the 5G wireless communication system is expected to address different 

use cases having quite different requirements in terms of data rate, latency, reliability, 

mobility, etc. However, it is expected that the design of the air-interface of the 5G 

wireless communication system would be flexible enough to serve the User 

Equipments (UEs) having quite different capabilities depending on the use case and 

market segment the UE cater service to the end customer. Example use cases the 5G 

wireless communication system is expected to address is enhanced Mobile Broadband 

(eMBB), massive MTC (m-MTC), ultra-reliable low latency communication (URLL), 

etc. The eMBB requirements like tens of Gbps data rate, low latency, high mobility so 

on and so forth address the market segment representing the conventional wireless 

broadband subscribers needing internet connectivity everywhere, all the time and on 

the go. The m-MTC requirements like very high connection density, infrequent data 
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transmission, very long battery life, low mobility address so on and so forth address the 

market segment representing the IoT/IoE envisioning connectivity of billions of 

devices. The URLL requirements like very low latency, very high reliability and 

variable mobility so on and so forth address the market segment representing the In­

dustrial automation application, vehicle-to-vehicle/vehicle-to-infrastructure commu­

nication foreseen as one of the enabler for autonomous cars. 

[7] In the 5G wireless communication system operating in higher frequency (mm Wave) 

bands, UE and gNB communicates with each other using Beamforming. Beamforming 

techniques are used to mitigate the propagation path losses and to increase the 

propagation distance for communication at higher frequency band. Beamforming 

enhances the transmission and reception performance using a high-gain antenna. 

Beamforming can be classified into Transmission (TX) beamforming performed in a 

transmitting end and reception (RX) beamforming performed in a receiving end. In 

general, the TX beamforming increases directivity by allowing an area in which 

propagation reaches to be densely located in a specific direction by using a plurality of 

antennas. In this situation, aggregation of the plurality of antennas can be referred to as 

an antenna array, and each antenna included in the array can be referred to as an array 

element. The antenna array can be configured in various forms such as a linear array, a 

planar array, etc. The use of the TX beamforming results in the increase in the di­

rectivity of a signal, thereby increasing a propagation distance. Further, since the signal 

is almost not transmitted in a direction other than a directivity direction, a signal in­

terference acting on another receiving end is significantly decreased. The receiving end 

can perform beamforming on a RX signal by using a RX antenna array. The RX 

beamforming increases the RX signal strength transmitted in a specific direction by 

allowing propagation to be concentrated in a specific direction, and excludes a signal 

transmitted in a direction other than the specific direction from the RX signal, thereby 

providing an effect of blocking an interference signal. By using beamforming 

technique, a transmitter can make plurality of transmit beam patterns of different di­

rections. Each of these transmit beam patterns can be also referred as transmit (TX) 

beam. Wireless communication system operating at high frequency uses plurality of 

narrow TX beams to transmit signals in the cell as each narrow TX beam provides 

coverage to a part of cell. The narrower the TX beam, higher is the antenna gain and 

hence the larger the propagation distance of signal transmitted using beamforming. A 

receiver can also make plurality of receive (RX) beam patterns of different directions. 

Each of these receive patterns can be also referred as receive (RX) beam. 

[8] Typically, in a wireless communication network UE can be in one of Radio Resource 

Control (RRC) idle state or RRC connected state. A UE in RRC Idle performs cell 

selection and reselection - in other words, it decides on which cell to camp. The RRC 
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idle UE monitors a paging channel to detect incoming calls, and also acquires system 

information. The system information mainly consists of parameter by which network 

can control the cell (re )selection process. In RRC connected state, network allocates 

radio resources to the UE to facilitate the transfer of (unicast) data via shared data 

channels. To support this operation, the UE monitors an associated control channel 

used to indicate the dynamic allocation of the shared transmission resources in time 

and frequency. The UE provide the network with reports of its buffer status and of the 

downlink channel quality, as well as neighbor cell measurement information to enable 

network to select the most appropriate cell for the UE. In the RRC connected state UE 

monitors the DL subframes or Transmit timer interval (TTI) or slot for downlink 

control information (downlink control information can be transmitted using physical 

downlink control channel ( ( e) PDCCH) ). Downlink control information can indicate 

whether the UE is scheduled in downlink (DL) or uplink (UL). If the UE is scheduled 

in DL then UE decode and receive the downlink packet using the received control in­

formation. If the UE is scheduled in UL then UE uses the received control information 

to transmit the uplink packet. In a beamformed system the downlink control in­

formation is transmitted by the base station (BS) using beamforming. BS supports 

multiple TX beams and transmits using one or more TX beams in subframe or TTI or 

time slot. UE monitors the subframes or TTis or time slots for receiving downlink 

control information (i.e., PDCCH/ePDCCH). The one or more TX beams used by gNB 

to communicate with a UE are decided based on a beam management procedure which 

basically comprises of UE measuring the reference signals transmitted using multiple 

TX beams and reporting one or more suitable TX beams to gNB. 

[9] The 5G wireless communication system (also referred as next generation radio or 

new radio (NR)) supports standalone mode of operation as well dual connectivity 

(DC). In DC a multiple Rx/Tx UE may be configured to utilize resources provided by 

two different nodes (or NodeBs (NBs)) connected via non-ideal backhaul. One node 

acts as the Master Node (MN) and the other as the Secondary Node (SN). The MN and 

SN are connected via a network interface and at least the MN is connected to the core 

network. NR also supports Multi-radio access technology (RAT) DC (MR-DC) 

operation whereby a UE in RRC_CONNECTED is configured to utilize radio 

resources provided by two distinct schedulers, located in two different nodes connected 

via a non-ideal backhaul and providing either Evolved Universal Terrestrial Radio 

Access (E-UTRA) (i.e., if the node is an Next generation eNodeB (ng-eNB) or NR 

access (i.e., if the node is a gNB). 

[10] In NR for a UE in RRC_CONNECTED not configured with carrier aggregation 

(CA)/DC there is only one serving cell comprising of the primary cell. For a UE in 

RRC_CONNECTED configured with CA/ DC the term 'serving cells' is used to denote 
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the set of cells comprising of the Special Cell(s) and all secondary cells. 

[11] In NR the term Master Cell Group (MCG) refers to a group of serving cells as-

sociated with the MN, comprising of the Primary Cell (PCell) and optionally one or 

more Secondary Cells (SCells). In NR the term Secondary Cell Group (SCG) refers to 

a group of serving cells associated with the SN, comprising of the Primary SCG Cell 

(PSCell) and optionally one or more SCells. In NR PCell refers to a serving cell in 

MCG, operating on the primary frequency, in which the UE either performs the initial 

connection establishment procedure or initiates the connection re-establishment 

procedure. In NR for a UE configured with CA, SCell is a cell providing additional 

radio resources on top of Special Cell. PSCell refers to a serving cell in SCG in which 

the UE performs random access when performing the Reconfiguration with Synchro­

nization procedure. For DC operation the term SpCell (i.e., Special Cell) refers to the 

PCell of the MCG or the PSCell of the SCG, otherwise the term SpCell refers to the 

PCell. 

[12] The 5G wireless communication system supports a beam failure recovery mechanism 

at UE for PCell or PSCell. This comprises of beam failure detection, new candidate 

beam identification, beam failure recovery request transmission and monitoring 

response for beam failure recovery request. UE monitors synchronization signals (SS) 

or Channel State Information-Reference Signals (CSI-RSs) transmitted periodically by 

the serving cell (PCell or PSCell) to assess if a beam failure trigger condition has been 

met and also to identify a new candidate beam. A beam failure is detected on a serving 

cell if number of detected beam failure instance exceeds a configured maximum 

number within a defined time duration (beamFailureDetectionTimer). A Beam Failure 

Instance means that all serving beam fails (i.e., hypothetical PDCCH Block Error Rate 

(BLER) determined based on measurement of SS or CSI-RS is above a threshold). A 

new candidate beam is the CSI-RS or SS Block (SSB) of serving cell whose measured 

quality (e.g., RSRP) is above a configured threshold. 

[13] After detecting beam failure on SpCell, UE starts a beamFailureRecoveryTimer (if 

configured) and initiates random access procedure on SpCell for beam failure 

recovery. 

[14] 1) UE selects contention free (dedicatedly signaled to UE) Physical Random Access 

Channel (PRACH) occasion and/or preamble corresponding to SpCell's new candidate 

beam and transmits the preamble. 

[15] 2) UE then starts the bfr-ResponseWindow at the start of the first PDCCH occasion 

after a fixed duration of X symbols from the end of the preamble transmission. 

[16] 3) UE monitors the PDCCH of the SpCell for response to beam failure recovery 

request identified by the Cell-Radio Network Temporary Identifier (C-RNTI) while 

bfr-ResponseWindow is running. UE may monitor PDCCH in beam failure recovery 
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search space, if configured. 

[17] 4) If UE receives a PDCCH transmission addressed to the C-RNTI from the SpCell, 

UE considers the Beam Failure Recovery Request procedure successfully completed 

and beamFailureRecoveryTimer is stopped. If the bfr-ResponseWindow is expired, UE 

performs 1), 2) and 3) again. 

[18] UE may be configured with Secondary serving cell(s) in addition to SpCell. In case 

of beam failure detection on SCell, the existing beam failure recovery procedure of 

initiating random access procedure on SpCell does not work. The reason is that 

PRACH occasions and/or preambles for preamble transmission on SpCell are mapped 

to SS or CSI-RS transmitted on SpCell and hence cannot indicate candidate beam of 

SCell. Additionally reception of PDCCH addressed to C-RNTI on SpCell cannot 

represent response for beam recovery request for SCell as PDCCH addressed to C­

RNTI may be transmitted by gNB for DL/UL assignment for SpCell. So an enhanced 

method of beam failure recovery on SCell is needed. 

[19] The above information is presented as background information only to assist with an 

understanding of the disclosure. No determination has been made, and no assertion is 

made, as to whether any of the above might be applicable as prior art with regard to the 

disclosure. 

Disclosure of Invention 

Technical Problem 
[20] Aspects of the disclosure are to address at least the above-mentioned problems and/or 

disadvantages and to provide at least the advantages described below. Accordingly, an 

aspect of the disclosure is to provide a communication method and system for 

converging a fifth generation (5G) communication system for supporting higher data 

rates beyond a fourth generation (4G) system. 

[21] An object of the disclosure is directed to provision of a system and a method of beam 

failure recovery on Secondary Cell. 

[22] Another object of the disclosure is directed to provision of Discontinuous Reception 

(DRX) operation for beam failure recovery. 

Solution to Problem 
[23] In accordance with the first aspect of the disclosure, a method by a terminal for beam 

failure recovery is provided. The method comprises receiving first configuration m­

formation on a special cell (SpCell) and second configuration information on a 

secondary cell (SCell) from a base station, detecting beam failure on the SCell, 

selecting a physical random access channel (PRACH) preamble and a PRACH 

occasion configured for beam failure recovery request transmission on the SCell based 

on the second configuration information, and transmitting the selected PRACH 
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preamble over the selected PRACH occasion to the base station. 

[24] In accordance with the second aspect of the disclosure, a method by a base station for 

beam failure recovery is provided. The method comprises assigning PRACH 

preambles and PRACH occasions for beam failure recovery request for a SpCell and a 

SCell to a terminal, receiving a PRACH preamble for the beam failure recovery 

request over a PRACH occasion from the terminal, identifying a cell in which the 

beam failure recovery request is received based on the PRACH preamble and the 

PRACH occasion in which the beam failure recovery request is received, and the 

PRACH preambles and the PRACH occasions assigned to the terminal, and 

transmitting a beam failure recovery request response to the terminal based on the 

identification of the cell. 

[25] In accordance with the third aspect of the disclosure, a terminal including a 

transceiver and a controller is provided. The transceiver is configured to receive 

signals from a base station, and to transmit signals to the base station. The controller is 

coupled with the transceiver and configured to control the transceiver to receive first 

configuration information on a SpCell and second configuration information on a 

SCell from the base station, to detect beam failure on the SCell, to select a PRACH 

preamble and a PRACH occasion configured for beam failure recovery request 

transmission on the SCell based on the second configuration information, and to 

control the transceiver to transmit the selected PRACH preamble over the selected 

PRACH occasion to the base station. 

[26] In accordance with the fourth aspect of the disclosure, a base station including a 

transceiver and a controller is provided. The transceiver is configured to receive 

signals from a terminal, and to transmit signals to the terminal. The controller is 

coupled with the transceiver and configured to assign PRACH preambles and PRACH 

occasions for beam failure recovery request for a SpCell and a SCell to the terminal, to 

control the transceiver to receive a PRACH preamble for the beam failure recovery 

request over a PRACH occasion from the terminal, to identify a cell in which the beam 

failure recovery request is received based on the PRACH preamble and the PRACH 

occasion in which the beam failure recovery request is received and the PRACH 

preambles and the PRACH occasions assigned to the terminal, and to control the 

transceiver to transmit a beam failure recovery request response to the terminal based 

on the identification of the cell. 

[27] In accordance with the fifth aspect of the disclosure, a method by a terminal for 

monitoring a control channel is provided. The method comprises transmitting a beam 

failure recovery request to a base station, determining active time including a time 

duration to monitor a beam failure recovery response on the control channel in 

response to the beam failure recovery request, and monitoring the control channel 
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based on the terminal being in the active time. 

[28] In accordance with the sixth aspect of the disclosure, a terminal including a 

transceiver and a controller is provided. The transceiver is configured to receive 

signals from a base station, and to transmit signals to the base station. The controller is 

coupled with the transceiver and configured to control the transceiver to transmit a 

beam failure recovery request to the base station, determine active time including a 

time duration to monitor a beam failure recovery response on the control channel in 

response to the beam failure recovery request, and monitor the control channel based 

on the terminal being in the active time. 

[29] Other aspects, advantages, and salient features of the disclosure will become apparent 

to those skilled in the art from the following detailed description, which, taken in con­

junction with the annexed drawings, discloses various embodiments of the disclosure. 

Advantageous Effects of Invention 
[30] The disclosure provides methods to perform beam failure recovery on SCell. As a 

result beam failure on SCell can be detected and recovered quickly unlike the existing 

method wherein beam failure recovery on SCell is not performed by a terminal leading 

to data interruption. 

[31] Although a portion of beam failure recovery (bfr)-Response Window belongs to On 

Duration of Discontinuous Reception (DRX) cycle or the entire bfr-Response Window 

is outside the On Duration, a terminal can receive a beam failure recovery response 

and hence can recover from beam failure. 

Brief Description of Drawings 
[32] The above and other aspects, features, and advantages of certain embodiments of the 

disclosure will be more apparent from the following description taken in conjunction 

with the accompanying drawings, in which: 

[33] Figure 1 illustrates beam failure recovery procedure for secondary cell (SCell) based 

on Method 1 according to an embodiment of the disclosure; 

[34] Figure 2a illustrates a generalized user equipment (UE) procedure for beam failure 

recovery for any serving cell based on Method 1 according to an embodiment of the 

disclosure; 

[35] Figure 2b illustrates the gNB procedure for beam failure recovery for any serving cell 

based on Method 1 according to an embodiment of the disclosure; 

[36] Figure 3 illustrates beam failure recovery procedure for SCell based on Method 2 

according to an embodiment of the disclosure; 

[37] Figure 4a illustrates a generalized UE procedure for beam failure recovery for any 

serving cell based on Method 2 according to an embodiment of the disclosure; 

[38] Figure 4b illustrates the gNB procedure based on Method 2 according to an em-
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bodiment of the disclosure; 

[39] Figure 5 illustrates beam failure recovery procedure for SCell based on Method 3 

according to an embodiment of the disclosure; 

[ 40] Figure 6a illustrates a generalized UE procedure for beam failure recovery for any 

serving cell based on Method 3 according to an embodiment of the disclosure; 

[ 41] Figure 6b illustrates the gNB procedure for beam failure recovery for any serving cell 

based on Method 3 according to an embodiment of the disclosure; 

[ 42] Figure 7 illustrates beam failure recovery procedure for SCell based on Method 4 

according to an embodiment of the disclosure; 

[ 43] Figure 8 illustrates a generalized procedure for beam failure recovery for any serving 

cell based on Method 4 according to an embodiment of the disclosure; 

[ 44] Figure 9 illustrates beam failure recovery procedure for SCell using the contention-

based Random Access Channel (RACH) on Special Cell (SpCell) based on Method 5 

according to an embodiment of the disclosure; 

[ 45] Figure 10 illustrates beam failure recovery procedure for SCell based on Method 6 

according to an embodiment of the disclosure; 

[ 46] Figure 11 illustrates beam failure recovery procedure for SCell based on Method 7 

according to an embodiment of the disclosure; 

[ 4 7] Figure 12a illustrates a generalized UE procedure for beam failure recovery for any 

serving cell based on Method 7 according to an embodiment of the disclosure; 

[ 48] Figure 12b illustrates the gNB procedure for beam failure recovery for any serving 

cell based on Method 7 according to an embodiment of the disclosure; 

[ 49] Figure 13 illustrates beam failure recovery procedure for SCell based on Method 8 

according to an embodiment of the disclosure; 

[50] Figure 14 illustrates beam failure recovery procedure for SCell based on Method 9 

according to an embodiment of the disclosure; 

[51] Figure 15 illustrates beam failure recovery procedure for SpCell using SCell based 

on Method 10 according to an embodiment of the disclosure; 

[52] Figure 16a illustrates a generalized UE procedure for beam failure recovery for any 

serving cell based on Method 10 according to an embodiment of the disclosure; 

[53] Figure 16b illustrates the gNB procedure for beam failure recovery for any serving 

cell based on Method 10 according to an embodiment of the disclosure; 

[54] Figure 17 shows a Discontinuous Reception (DRX) cycle configured for a UE in 

RRC connected state to extend battery life; 

[55] Figure 18 shows a DRX cycle configured for a UE in RRC connected state to extend 

battery life; 

[56] Figure 19a shows a DRX cycle configured for a UE which transmits PRACH 

preamble indicating Beam failure recovery request during the active time; 
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[57] Figure 19b shows a DRX cycle configured for a UE which transmits PRACH 

preamble indicating Beam failure recovery request during the active time; 

[58] Figure 20a shows a DRX cycle configured for a UE which transmits PRACH 

preamble indicating Beam failure recovery request during the active time according to 

an embodiment of the disclosure; 

[59] Figure 20b shows a DRX cycle configured for a UE which transmits PRACH 

preamble indicating Beam failure recovery request during the active time according to 

an embodiment of the disclosure; 

[60] Figure 21 shows the UE operation when DRX is configured according to an em-

bodiment of the disclosure; 

[61] Figure 22 shows the UE operation when DRX is configured according to another em-

bodiment of the disclosure; 

[62] Figure 23 shows the UE operation when DRX is configured according to another em-

bodiment of the disclosure; 

[63] Figure 24 is a block diagram of a terminal according to an embodiment of the 

disclosure; 

[ 64] Figure 25 is a block diagram of a base station according to an embodiment of the 

disclosure; 

[65] Throughout the drawings, like reference numerals will be understood to refer to like 

parts, components, and structures. 

Mode for the Invention 
[66] The following description with reference to the accompanying drawings is provided 

to assist in a comprehensive understanding of various embodiments of the disclosure as 

defined by the claims and their equivalents. It includes various specific details to assist 

in that understanding but these are to be regarded as merely exemplary. Accordingly, 

those of ordinary skill in the art will recognize that various changes and modifications 

of the various embodiments described herein can be made without departing from the 

scope and spirit of the disclosure. In addition, descriptions of well-known functions 

and constructions may be omitted for clarity and conciseness. 

[67] The terms and words used in the following description and claims are not limited to 

the bibliographical meanings, but, are merely used by the inventor to enable a clear and 

consistent understanding of the disclosure. Accordingly, it should be apparent to those 

skilled in the art that the following description of various embodiments of the 

disclosure is provided for illustration purpose only and not for the purpose of limiting 

the disclosure as defined by the appended claims and their equivalents. 

[68] It is to be understood that the singular forms "a," "an," and "the" include plural 

referents unless the context clearly dictates otherwise. Thus, for example, reference to 
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"a component surface" includes reference to one or more of such surfaces. 

[69] By the term "substantially" it is meant that the recited characteristic, parameter, or 

value need not be achieved exactly, but that deviations or variations, including for 

example, tolerances, measurement error, measurement accuracy limitations and other 

factors known to those of skill in the art, may occur in amounts that do not preclude the 

effect the characteristic was intended to provide. 

[70] It is known to those skilled in the art that blocks of a flowchart ( or sequence diagram) 

and a combination of flowcharts may be represented and executed by computer 

program instructions. These computer program instructions may be loaded on a 

processor of a general purpose computer, special purpose computer, or programmable 

data processing equipment. When the loaded program instructions are executed by the 

processor, they create a means for carrying out functions described in the flowchart. 

Because the computer program instructions may be stored in a computer readable 

memory that is usable in a specialized computer or a programmable data processing 

equipment, it is also possible to create articles of manufacture that carry out functions 

described in the flowchart. Because the computer program instructions may be loaded 

on a computer or programmable data processing equipment, when executed as 

processes, they may carry out operations of functions described in the flowchart. 

[71] A block of a flowchart may correspond to a module, a segment, or a code containing 

one or more executable instructions implementing one or more logical functions, or 

may correspond to a part thereof. In some cases, functions described by blocks may be 

executed in an order different from the listed order. For example, two blocks listed in 

sequence may be executed at the same time or executed in reverse order. 

[72] In this description, the words "unit", "module" or the like may refer to a software 

component or hardware component, such as, for example, a field-programmable gate 

array (FPGA) or an application-specific integrated circuit (ASIC) capable of carrying 

out a function or an operation. However, a "unit", or the like, is not limited to hardware 

or software. A unit, or the like, may be configured so as to reside in an addressable 

storage medium or to drive one or more processors. Units, or the like, may refer to 

software components, object-oriented software components, class components, task 

components, processes, functions, attributes, procedures, subroutines, program code 

segments, drivers, firmware, microcode, circuits, data, databases, data structures, 

tables, arrays or variables. A function provided by a component and unit may be a 

combination of smaller components and units, and may be combined with others to 

compose larger components and units. Components and units may be configured to 

drive a device or one or more processors in a secure multimedia card. 

[73] Prior to the detailed description, terms or definitions necessary to understand the 

disclosure are described. However, these terms should be construed in a non-limiting 
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way. 

[74] The "base station (BS)" is an entity communicating with a user equipment (UE) and 

may be referred to as BS, base transceiver station (BTS), node B (NB), evolved NB 

(eNB), access point (AP), 5G NB (5GNB), or gNB. 

[75] The "UE" is an entity communicating with a BS and may be referred to as UE, 

device, mobile station (MS), mobile equipment (ME), or terminal. 

[76] In the description, for Dual/Multi Connectivity operation the term Special Cell 

[77] 

(SpCell) refers to the Primary Cell (PCell) of the Master Cell Group (MCG) or the 

Primary Secondary Cell Group Cell (PSCell) of the Secondary Cell Group (SCG) 

depending on if the Media Access Control (MAC) entity is associated to the MCG or 

the SCG, respectively. There is one MAC entity per Cell Group (CG) in UE. 

Otherwise the term SpCell refers to the PCell. 

[78] Method 1: 

[79] Figure 1 illustrates beam failure recovery procedure for SCell (i.e., secondary cell 

other than PSCell) based on Method 1 according to an embodiment of the disclosure. 

[80] For beam failure recovery on SCell, it is proposed that UE is configured with 

dedicated Physical Random Access Channel (PRACH) preambles and/or PRACH 

occasions for beam failure recovery on SCell. This configuration can be provided to 

UE in Radio Resource Control (RRC) message. In case UE is configured with multiple 

SCells, this configuration can be provided independently for each SCell on which 

beam failure recovery is needed. This is a significant change from the existing system 

wherein PRACH preambles and/or PRACH occasions for beam failure recovery are 

only provided for SpCell. PRACH preamble(s) and/or PRACH occasion(s) of SCell for 

beam failure recovery are associated to beams (i.e., synchronization signal blocks 

(SSBs) or Channel State Information Reference Signals (CSI RSs)) of that SCell. The 

beamFailureRecoveryConfig Information Element (IE) which is used to configure the 

UE with Random Access Channel (RACH) resources (i.e., preambles/PRACH 

occasions) and candidate beams for beam failure recovery in case of beam failure 

detection can be included for one or more SCells in RRCReconfiguration message 

(sent by gNB to UE). 

[81] Beam Failure Detection (Step 1): The SCell transmits synchronization signals (SSs) 

or CSI-RSs periodically for beam management at operation 111. UE monitors SSs or 

CSI-RSs transmitted periodically by the SCell to assess if a beam failure trigger 

condition has been met and also to identify a new candidate beam. The signal (SS or 

CSI-RS) to measure for detecting beam failure on an SCell can be configured by gNB 

in RRCReconfiguration message. The UE detects a beam failure on SCell if number of 

detected beam failure instances within a defined time duration 
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(beamFailureDetectionTimer) exceeds a configured maximum number (pre-defined or 

signaled to UE by gNB in RRC message) at operation 112. A Beam Failure Instance 

means that all serving beam fails (i.e., hypothetical Physical Downlink Control 

Channel (PDCCH) Block Error Rate (BLER) determined based on measurement of SS 

or CSI-RS is above a threshold). 

[82] Candidate Beam Selection (Step 2): For beam failure recovery on SCell, it is 

proposed that UE is configured with dedicated PRACH preambles and/or PRACH 

occasions on SCell. This configuration can be provided to UE in RRC message. The 

UE identifies candidate beam of SCell at operation 120. PRACH preamble and/or 

PRACH occasions for beam failure recovery are associated to beam (i.e., SSB or CSI 

RS) on SCell. The UE may identify the SS blocks with SS-Reference Signals Received 

Power (SS-RSRP) above rsrp-ThresholdSSB among the SS blocks in candidate­

BeamRSList or the CSI-RSs with CSI-RSRP above csirs-dedicatedRACH-Threshold 

among the CSI-RSs in candidateBeamRSList. If at least one of the SS blocks with SS­

RSRP above rsrp-ThresholdSSB among the SS blocks in candidateBeamRSList or the 

CSI-RSs with CSI-RSRP above csirs-dedicatedRACH-Threshold among the CSI-RSs 

in candidateBeamRSList is available then UE selects an SS block with SS-RSRP 

above rsrp-ThresholdSSB among the SS blocks in candidateBeamRSList or a CSI-RS 

with CSI- RSRP above csirs-dedicatedRACH-Threshold among the CSI-RSs in candi­

dateBeamRSList. candidateBeamRSList, csirs-dedicatedRACH-Threshold and rsrp­

ThresholdSSB are signaled by gNB to UE. 

[83] Beam Failure Recovery Request Transmission (Step 3): For Beam Failure Recovery 

Request Transmission for recovering beam of SCell, it is proposed that UE select 

PRACH preamble corresponding to the selected SS block or CSI-RS from the set of 

Random Access Preamble(s) configured for beam failure recovery request 

transmission on SCell at operation 131. If multiple PRACH preambles are mapped to 

selected SS block or CSI-RS, UE selects one PRACH preamble randomly from the 

mapped PRACH preambles. UE selects the next available PRACH occasion corre­

sponding to the selected SS block or CSI-RS permitted by the restrictions given by the 

ra-ssb-OccasionMasklndex ( ra-ssb-OccasionMasklndex indicates which of the RACH 

occasions among the RACH occasions corresponding to a selected SS block or CSI-RS 

UE is allowed to use)if configured from the set of RACH occasions for beam failure 

recovery request transmission on SCell at operation 131. UE then transmits selected 

PRACH preamble over the selected PRACH occasion of SCell at operation 132. After 

reception of the Beam Failure Recovery Request from a UE, the SCell can share this 

information with SpCell. 

[84] Beam Failure Recovery Request Response (Step 4): For receiving response for Beam 

Failure Recovery Request transmitted by UE for recovering beam of SCell, it is 
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proposed that UE start the bfr-ResponseWindow (i.e., ra-response Window configured 

in beam failure recovery configuration) at the start of the first PDCCH occasion after a 

fixed duration of X symbols from the end of the preamble transmission and UE 

monitors the PDCCH of the SCell identified by the Cell-Radio Network Temporary 

Identifier (C-RNTI) while bfr-ResponseWindow is running at operation 141. UE may 

monitor PDCCH in beam failure recovery search space, if configured. If the UE 

receives the PDCCH transmission addressed to the C-RNTI from SCell while bfr­

ResponseWindow is running at operation 142, Beam Failure Recovery is considered 

successfully completed (or random access procedure is successfully completed). In an 

embodiment, if the UE receives the PDCCH transmission addressed to the C-RNTI 

from SCell in beam failure recovery search space while bfr-ResponseWindow is 

running at operation 142, Beam Failure Recovery is considered successfully completed 

(or random access procedure is successfully completed). This is a significant change 

from the existing system wherein after transmitting PRACH preamble on SCell, 

random access response is always received by UE from SpCell. Unlike the existing 

system, gNB needs to configure beam failure recovery search space on SCell to enable 

UE to monitor PDCCH for receiving beam failure response on SCell. 

[85] In order for this Beam Failure Recovery Response transmission from SCell, the SCell 

can generate its own Beam Failure Recovery Response for the specific UE, or the 

SpCell can generate the Beam Failure Recovery Response using the information of the 

specific UE measurement and SCell beam characteristics for the specific UE and 

transmit it to the SCell in order for SCell to transmit to the UE. 

[86] If the bfr-ResponseWindow is expired, UE performs Steps 2 to 4 again. If the bfr-

ResponseWindow is expired and UE has already transmitted PRACH preamble for 

configured number of times (pre-defined or signaled to UE by gNB in RRC message), 

Beam Failure Recovery Request procedure (or random access procedure) is considered 

unsuccessful and UE may trigger radio link failure. 

[87] As a result of the proposed procedure, from perspective of random access procedure, 

after transmitting PRACH preamble, UE decides the response monitoring as follows: 

1) if transmitted PRACH preamble is not for beam failure request, UE starts the 

response window and monitors PDCCH of SpCell to receive response 2) if transmitted 

PRACH preamble is for beam failure recovery on an SpCell, UE starts the response 

window and monitors PDCCH of that SpCell to receive response 3) if transmitted 

PRACH preamble is for beam failure recovery on an SCell, UE starts the response 

window and monitors PDCCH of that SCell to receive response. 

[88] Figures 2a and 2b illustrate a generalized UE procedure and the gNB procedure for 

beam failure recovery for any serving cell based on the above procedure proposed for 

recovering beam failure. 
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[89] Referring to Figure 2a, a UE receives the PRACH preambles and/or PRACH 

occasions for serving cell(s) for beam failure recovery from gNB at operation 210a. If 

beam failure recovery is initiated at operation 220a, the UE selects the candidate beam 

of the serving cell for which beam failure recovery is initiated at operation 230a, and 

selects the PRACH preamble and PRACH occasion for beam failure recovery request 

transmission corresponding to the selected candidate beam from the PRACH 

preambles and PRACH occasions of the serving cell for which beam failure recovery 

is initiated at operation 240a. The UE transmits a PRACH preamble for beam failure 

recovery request on the serving cell for which beam failure recovery is initiated at 

operation 250a. The UE starts the bfr-ResponseWindow (i.e., ra-response Window 

configured in beam failure recovery configuration) and monitors the PDCCH of the 

serving cell for which beam failure recovery is initiated while bfr-ResponseWindow is 

running at operation 260a. If a beam failure recovery response (i.e., PDCCH addressed 

to C-RNTI) is received from the serving cell for which beam failure recovery is 

initiated, beam failure recovery is considered successfully completed at operation 

270a. In an embodiment, if beam failure recovery search space is configured and a 

beam failure recovery response (i.e., PDCCH addressed to C-RNTI) is received in 

beam failure recovery search space from the serving cell for which beam failure 

recovery is initiated, beam failure recovery is considered successfully completed at 

operation 270a.For example, the UE may receive configuration information on the 

PRACH preambles and/or PRACH occasions for SCell for beam failure recovery from 

gNB at operation 210a. If SCell beam failure recovery is triggered at operation 220a, 

the UE transmits beam failure recovery request on SCell configured RACH resource. 

The UE may select the candidate beam of SCell at operation 230a, select the PRACH 

preamble and PRACH occasion for beam failure recovery request transmission corre­

sponding to the selected candidate beam from the PRACH preambles and PRACH 

occasions of SCell at operation 240a, and transmit a PRACH preamble for beam 

failure recovery request on SCell at operation 250a. The UE may start the bfr­

Response Window (i.e., ra-response Window configured in beam failure recovery con­

figuration) and monitors the PDCCH of SCell while bfr-ResponseWindow is running 

at operation 260a. If a beam failure recovery response is received on PDCCH 

addressed to C-RNTI from SCell, SCell beam failure recovery may be considered suc­

cessfully completed at operation 270a. In an embodiment, if beam failure recovery 

search space is configured and a beam failure recovery response (i.e., PDCCH 

addressed to C-RNTI) is received in beam failure recovery search space from the 

serving cell for which beam failure recovery is initiated, beam failure recovery is 

considered successfully completed at operation 270a. 

[90] Referring to Figure 2b, a gNB assigns the PRACH preambles and/or PRACH 
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[91] 

occasions for serving cell(s) for beam failure recovery to UE at operation 210b. If the 

gNB receives the PRACH preamble for beam failure recovery request on a serving cell 

at operation 220b, the gNB identifies the UE which has transmitted beam failure 

recovery request based on the PRACH preamble and/or PRACH occasion in which 

beam failure recovery request is received and PRACH preamble and/or PRACH 

occasions assigned to UE at operation 230b. The gNB transmits a beam failure 

recovery response (i.e., PDCCH addressed to C-RNTI of the UE which has sent beam 

failure recovery request) from the serving cell from which beam failure recovery is 

received at operation 240b. In an embodiment, if beam failure recovery search space is 

configured gNB transmits a beam failure recovery response (i.e., PDCCH addressed to 

C-RNTI of the UE which has sent beam failure recovery request) in beam failure 

recovery search space of the serving cell from which beam failure recovery is received 

at operation 240b. 

[92] Method 2: 

[93] Figure 3 illustrates beam failure recovery procedure for SCell (other than PSCell) 

based on Method 2 according to an embodiment of the disclosure. 

[94] For beam failure recovery on SCell, it is proposed that UE is configured with 

dedicated PRACH preambles and/or PRACH occasions for beam failure recovery on 

SCell. This configuration can be provided to UE in RRC message. In case UE is 

configured with multiple SCells, this configuration can be provided independently for 

each SCell on which beam failure recovery is needed. This is a significant change from 

the existing system wherein PRACH preambles and/or PRACH occasions for beam 

failure recovery are only provided for SpCell. PRACH preamble(s) and/or PRACH 

occasion(s) of SCell for beam failure recovery are associated to beams (i.e., SSBs or 

CSI RSs) of that SCell. The beamFailureRecoveryConfig IE which is used to configure 

the UE with RACH resources (i.e., preambles/PRACH occasions) and candidate beams 

for beam failure recovery in case of beam failure detection can be included for one or 

more SCells in RRCReconfiguration message (sent by gNB to UE). 

[95] Beam Failure Detection (Step 1): The SCell transmits SSs or CSI-RSs periodically 

for beam management at operation 311. UE monitors SSs or CSI-RSs transmitted peri­

odically by the SCell to assess if a beam failure trigger condition has been met and also 

to identify a new candidate beam. The signal (SS or CSI-RS) to measure for detecting 

beam failure on an SCell can be configured by gNB in RRCReconfiguration message. 

The UE detects a beam failure on SCell if number of detected beam failure instances 

within a defined time duration (beamFailureDetectionTimer) exceeds a configured 

maximum number (pre-defined or signaled to UE by gNB in RRC message) at 

operation 312. A Beam Failure Instance means that all serving beam fails (i.e., hypo-
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thetical PDCCH BLER determined based on measurement of SS or CSI-RS is above a 

threshold). 

[96] Candidate Beam Selection (Step 2): For beam failure recovery on SCell, it is 

proposed that UE is configured with dedicated PRACH preambles and/or PRACH 

occasions on SCell. This configuration can be provided to UE in RRC message. The 

UE identifies candidate beam of SCell at operation 320. PRACH preamble and/or 

PRACH occasions for beam failure recovery are associated to beam (i.e., SSB or CSI 

RS) on SCell. The UE may identify the SS blocks with SS-RSRP above rsrp­

ThresholdSSB among the SS blocks in candidateBeamRSList or the CSI-RSs with 

CSI-RSRP above csirs-dedicatedRACH-Threshold among the CSI-RSs in candidate­

BeamRSList. If at least one of the SS blocks with SS-RSRP above rsrp-ThresholdSSB 

among the SS blocks in candidateBeamRSList or the CSI-RSs with CSI-RSRP above 

csirs-dedicatedRACH-Threshold among the CSI-RSs in candidateBeamRSList is 

available then UE selects an SS block with SS-RSRP above rsrp-ThresholdSSB among 

the associated SS blocks or a CSI-RS with CSI- RSRP above csirs-dedi­

catedRACH-Threshold among the associated CSI-RSs. candidateBeamRSList, csirs­

dedicatedRACH-Threshold and rsrp-ThresholdSSB are signaled by gNB to UE. 

[97] Beam Failure Recovery Request Transmission (Step 3): For Beam Failure Recovery 

Request Transmission for recovering beam of SCell, it is proposed that UE selects 

PRACH preamble corresponding to the selected SS block or CSI-RS from the set of 

Random Access Preambles configured for beam failure recovery request transmission 

on SCell at operation 331. If multiple PRACH preambles are mapped to selected SS 

block or CSI-RS, UE selects one PRACH preamble randomly from the mapped 

PRACH preambles. UE selects the next available PRACH occasion corresponding to 

the selected SS block or CSI-RS permitted by the restrictions given by the ra­

ssb-OccasionMasklndex ( ra-ssb-OccasionMasklndex indicates which of the RACH 

occasions among the RACH occasions corresponding to a selected SS block or CSI-RS 

UE is allowed to use) if configured from the set of Random Access Occasions for 

beam failure recovery request transmission on SCell at operation 331. UE then 

transmits selected PRACH preamble over the selected PRACH Occasion of SCell at 

operation 332. After reception of the Beam Failure Recovery Request from a UE, the 

SCell shall share this information with SpCell. 

[98] Beam Failure Recovery Request Response (Step 4): For receiving response for Beam 

Failure Recovery Request transmitted by UE for recovering beam of SCell, it is 

proposed that UE start the bfr-ResponseWindow (i.e., ra-response Window configured 

in beam failure recovery configuration) at the start of the first PDCCH occasion after a 

fixed duration of X symbols from the end of the preamble transmission and UE 

monitors the PDCCH of the SpCell identified by the C-RNTI while bfr-
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Response Window is running at operation 341. UE may monitor PDCCH in beam 

failure recovery search space, if configured by gNB. If the UE receives the PDCCH 

transmission addressed to the C-RNTI from SpCell while bfr-ResponseWindow is 

running and received PDCCH indicates DL or UL assignment for SCell for which 

beam recovery request was transmitted at operation 342, Beam Failure Recovery is 

considered successfully completed (or random access procedure is successfully 

completed). In an embodiment, if the UE receives the PDCCH transmission addressed 

to the C-RNTI from SpCell in beam failure recovery search space while bfr­

ResponseWindow is running and received PDCCH indicates DL or UL assignment for 

SCell for which beam recovery request was transmitted at operation 342, Beam Failure 

Recovery is considered successfully completed (or random access procedure is suc­

cessfully completed). 

[99] In order for this Beam Failure Recovery Response transmission from SpCell, the 

SCell can generate the Beam Failure Recovery Response for the specific UE, using the 

information of the current SCell status and the specific UE measurement which is 

transmitted by UE. After the generation, the Beam Failure Recovery Response can be 

shared to the SpCell in order for transmission to the UE. Or, in another embodiment, 

the SpCell can generate the Beam Failure Recovery Response for the specific UE, 

using the information of the current SCell status and the specific UE measurement 

which is shared by SCell. In addition, the SpCell includes the information of SCell DL/ 

UL resource for this UE to monitor and transmit a signal into the Beam Failure 

Recovery Response signal. 

[100] If the bfr-ResponseWindow is expired, UE performs Steps 2 to 4 again. If the bfr-

ResponseWindow is expired and UE has already transmitted PRACH preamble for 

configured number of times (pre-defined or signaled to UE by gNB in RRC message), 

Beam Failure Recovery Request procedure (or random access procedure) is considered 

unsuccessful and UE may trigger radio link failure. 

[101] Figure 4a illustrates a generalized UE procedure for beam failure recovery for any 

serving cell based on the above procedure proposed for recovering beam failure. 

[102] The flow chart of Figure 4a contains both the SpCell beam failure recovery and SCell 

beam failure recovery procedures. If SpCell beam failure recovery is triggered, the UE 

transmits beam failure recovery request on SpCell configured RACH resource. Else if 

SCell beam failure recovery is triggered, the UE transmits beam failure recovery 

request on SCell configured RACH resource. And, the consequent procedure of the 

above two cases are also different. 

[103] Specifically, a UE receives the PRACH preambles and/or PRACH occasions for 

serving cell(s) for beam failure recovery from gNB at operation 410a. First con­

figuration information on PRACH preambles and/or PRACH occasions for SpCell 
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beam failure recovery and second configuration information on PRACH preambles 

and/or PRACH occasions for SCell beam failure recovery may be received from gNB. 

If beam failure recovery is initiated at operation 420a, the UE selects the candidate 

beam of the serving cell for which beam failure recovery is initiated at operation 430a, 

selects the PRACH preamble and PRACH occasion for beam failure recovery request 

transmission corresponding to the selected candidate beam from the PRACH 

preambles and PRACH occasions of the serving cell for which beam failure recovery 

is initiated at operation 440a, and transmits a PRACH preamble for beam failure 

recovery request on the serving cell for which beam failure recovery is initiated at 

operation 450a. If SpCell beam failure recovery is triggered at operation 420a, the UE 

may select the candidate beam of SpCell at operation 430a, select the PRACH 

preamble and PRACH occasion for beam failure recovery request transmission corre­

sponding to the selected candidate beam from the PRACH preambles and PRACH 

occasions of SpCell at operation 440a, and transmit a PRACH preamble for beam 

failure recovery request on SpCell at operation 450a. If SCell beam failure recovery is 

triggered at operation 420a, the UE may select the candidate beam of SCell at 

operation 430a, select the PRACH preamble and PRACH occasion for beam failure 

recovery request transmission corresponding to the selected candidate beam from the 

PRACH preambles and PRACH occasions of SCell at operation 440a, and transmit a 

PRACH preamble for beam failure recovery request on SCell at operation 450a. The 

UE starts the bfr-ResponseWindow (i.e., ra-response Window configured in beam 

failure recovery configuration) and monitors the PDCCH of the SpCell while bfr­

Response Window is running at operation 460a. In case of beam failure recovery 

request transmitted on SCell, if the beam failure recovery response, i.e., PDCCH 

addressed to C-RNTI from SpCell is received wherein the PDCCH indicates DL/UL 

assignment for SCell for which beam failure recovery is initiated, SCell beam failure 

recovery is considered successfully completed at operation 470a. In an embodiment, in 

case of beam failure recovery request transmitted on SCell and if beam failure 

recovery search space is configured and beam failure recovery response, i.e., PDCCH 

addressed to C-RNTI from SpCell is received wherein the PDCCH indicates DL/UL 

assignment for SCell for which beam failure recovery is initiated, SCell beam failure 

recovery is considered successfully completed at operation 470a. In case of beam 

failure recovery request transmitted on SpCell, if the beam failure recovery response, 

i.e., the PDCCH addressed to C-RNTI from SpCell is received, SpCell beam failure 

recovery is considered successfully completed at operation 480a. In an embodiment, in 

case of beam failure recovery request transmitted on SpCell and if beam failure 

recovery search space is configured and if the beam failure recovery response, i.e., the 

PDCCH addressed to C-RNTI from SpCell is received, SpCell beam failure recovery 
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is considered successfully completed at operation 480a. 

[104] Figure 4b illustrates the gNB procedure based on Method 2 according to an em-

bodiment of the disclosure. 

[105] The flow chart of Figure 4b contains both the SpCell beam failure recovery and 

SCell beam failure recovery procedures. If SpCell beam failure recovery is triggered, 

the gNB receives beam failure recovery request on SpCell configured RACH resource. 

Else if SCell beam failure recovery is triggered, the gNB receives beam failure 

recovery request on SCell configured RACH resource. And, the consequent procedure 

of the above two cases are also different. 

[106] Specifically, a gNB assigns the PRACH preambles and/or PRACH occasions for 

[107] 

serving cell(s) for beam failure recovery to UE at operation 410b. The gNB may 

transmit first configuration information on PRACH preambles and/or PRACH 

occasions for SpCell beam failure recovery and second configuration information on 

PRACH preambles and/or PRACH occasions for SCell beam failure recovery to UE. 

The gNB receives the PRACH preamble for beam failure recovery request on a serving 

cell at operation 420b, and identifies the UE which has transmitted beam failure 

recovery request based on the RPACH preamble and/or PRACH occasion in which 

beam failure recover request is received and PRACH preamble and/or PRACH 

occasions assigned to UE at operation 430b. If SpCell beam failure recovery is 

triggered, the gNB may receive beam failure recovery request on SpCell configured 

RACH resource. Else if SCell beam failure recovery is triggered, the gNB may receive 

beam failure recovery request on SCell configured RACH resource. If the beam failure 

recovery request is received on SCell, the gNB transmits a beam failure recovery 

response, i.e., PDCCH addressed to C-RNTI of UE which has sent the beam failure 

recovery request from SpCell wherein the PDCCH indicates DL/UL assignment for 

SCell from which beam failure recovery request is received at operation 440b. In an 

embodiment, if beam failure recovery search space is configured the beam failure 

recovery response is transmitted in beam failure recovery search space. If the beam 

failure recovery request is received on SpCell, the gNB transmits a beam failure 

recovery response on PDCCH addressed to C-RNTI of UE which has sent the beam 

failure recovery request from SpCell at operation 450b. The PDCCH may indicate DL/ 

UL assignment for SpCell from which beam failure recovery request is received. In an 

embodiment, if beam failure recovery search space is configured the beam failure 

recovery response is transmitted in beam failure recovery search space. As described 

above, the term 'SpCell' may refer to PCell if the serving cell from which beam failure 

recovery request is received belongs to MCG or PSCell if the serving cell from which 

the beam failure recovery request is received belongs to SCG. 
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[108] Method 3: 

[109] Figure 5 illustrates beam failure recovery procedure for SCell (i.e., secondary cell 

other than the PSCell) based on Method 3 according to an embodiment of the 

disclosure. 

[110] For beam failure recovery on SCell, it is proposed that UE is configured with 

dedicated PRACH preambles and/or PRACH occasions for beam failure recovery on 

SCell. This configuration can be provided to UE in RRC message. In case UE is 

configured with multiple SCells, this configuration can be provided independently for 

each SCell on which beam failure recovery is needed. This is a significant change from 

the existing system wherein PRACH preambles and/or PRACH occasions for beam 

failure recovery are only provided for SpCell. PRACH preamble(s) and/or PRACH 

occasion(s) of SCell for beam failure recovery are associated to beams (i.e., SSBs or 

CSI RSs) of that SCell. The beamFailureRecoveryConfig IE which is used to configure 

the UE with RACH resources (i.e., preambles/PRACH occasions) and candidate beams 

for beam failure recovery in case of beam failure detection can be included for one or 

more SCells in RRCReconfiguration message (sent by gNB to UE). 

[111] Beam Failure Detection (Step 1): The SCell transmits SSs or CSI-RSs periodically 

for beam management at operation 511. UE monitors SSs or CSI-RSs transmitted peri­

odically by the SCell to assess if a beam failure trigger condition has been met and also 

to identify a new candidate beam. The signal (SS or CSI-RS) to measure for detecting 

beam failure on an SCell can be configured by gNB in RRCReconfiguration message. 

The UE detects a beam failure on SCell if number of detected beam failure instances 

within a defined time duration (beamFailureDetectionTimer) exceeds a configured 

maximum number (pre-defined or signaled to UE by gNB in RRC message) at 

operation 512. A Beam Failure Instance means that all serving beam fails (i.e., hypo­

thetical PDCCH BLER determined based on measurement of SS or CSI-RS is above a 

threshold). 

[112] Candidate Beam Selection (Step 2): For beam failure recovery on SCell, it is 

proposed that UE is configured with dedicated PRACH preambles and/or PRACH 

occasions on SCell. This configuration can be provided to UE in RRC message. The 

UE identifies candidate beam of SCell at operation 520. PRACH preamble and/or 

PRACH occasions of SCell for beam failure recovery are associated to beams (i.e., 

SSB or CSI RS) of that SCell. The UE may identify the SS blocks with SS-RSRP 

above rsrp-ThresholdSSB among the SS blocks in candidateBeamRSList or the CSI­

RSs with CSI-RSRP above csirs-dedicatedRACH-Threshold among the CSI-RSs in 

candidateBeamRSList. If at least one of the SS blocks with SS-RSRP above rsrp­

ThresholdSSB among the SS blocks in candidateBeamRSList or the CSI-RSs with 

CSI-RSRP above csirs-dedicatedRACH-Threshold among the CSI-RSs in candidate-
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BeamRSList is available: UE selects an SS block with SS-RSRP above rsrp­

ThresholdSSB among the SS blocks in candidateBeamRSList or a CSI-RS with CSI­

RSRP above csirs-dedicatedRACH-Threshold among the CSI-RSs in candidate­

BeamRSList. candidateBeamRSList, csirs-dedicatedRACH-Threshold and rsrp­

ThresholdSSB are signaled by gNB to UE. 

[113] Beam Failure Recovery Request Transmission (Step 3): For Beam Failure Recovery 

Request Transmission for recovering beam of SCell, it is proposed that UE select 

PRACH preamble corresponding to the selected SS block or CSI-RS from the set of 

Random Access Preambles configured for beam failure recovery request transmission 

on SCell at operation 531. If multiple PRACH preambles are mapped to selected SS 

block or CSI-RS, UE selects one PRACH preamble randomly from the mapped 

PRACH preambles. UE selects the next available PRACH occasion corresponding to 

the selected SS block or CSI-RS permitted by the restrictions given by the ra­

ssb-OccasionMasklndex ( ra-ssb-OccasionMasklndex indicates which of the RACH 

occasions among the RACH occasions corresponding to a selected SS block or CSI-RS 

UE is allowed to use) if configured from the set of Random Access Occasions for 

beam failure recovery request transmission on SCell at operation 531. UE then 

transmits selected PRACH preamble over the selected PRACH occasion of SCell at 

operation 532. After reception of the Beam Failure Recovery Request from a UE, the 

SCell shall share this information with SpCell. 

[114] Beam Failure Recovery Request Response (Step 4): For receiving response for Beam 

Failure Recovery Request transmitted by UE for recovering beam of SCell, it is 

proposed that UE start the bfr-ResponseWindow (i.e., ra-response Window configured 

in beam failure recovery configuration) and monitor for beam failure recovery 

response while bfr-ResponseWindow is running at operation 541. UE may monitor 

PDCCH in beam failure recovery search space, if configured. 

[115] In an embodiment, beam failure recovery response is a MAC Control Element (CE) 

and includes the SCell Index of SCell for which beam recovery request was 

transmitted. In an embodiment C i field in MAC CE may be included. If there is an 

SCell configured for the MAC entity with SCelllndex i this field set to one indicates 

the beam failure recovery response of the SCell with SCelllndex i. A Logical Identifier 

(LCID) is reserved for beam failure recovery response MAC CE. The LCID in MAC 

subheader is set to this LCID for beam failure recovery response MAC CE. The MAC 

CE may also include candidate beam information, i.e., SSB ID or CSI-RS ID. If the 

UE receives the beam failure recovery response MAC CE including the SCell Index of 

SCell for which beam recovery request was transmitted while bfr-ResponseWindow is 

running at operation 542, Beam Failure Recovery is considered successfully completed 

(or random access procedure is successfully completed). 
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[ 116] In another embodiment, beam failure recovery response can be a RRC message and 

includes the SCell Index of SCell for which beam recovery request was transmitted. 

The RRC message may also include candidate beam information, i.e., SSB ID or CSI­

RS ID. If the UE receives the beam failure recovery response including the SCell 

Index of SCell for which beam recovery request was transmitted while bfr-

Response Window is running Beam Failure Recovery is considered successfully 

completed ( or random access procedure is successfully completed). 

[117] In another embodiment, beam failure recovery response can be a PDCCH addressed 

to C-RNTI including Downlink Control Information (DCI) indicating beam failure 

recovery response and includes the SCell Index of SCell for which beam failure 

recovery request was transmitted. The DCI may also include candidate beam in­

formation, i.e., SSB ID or CSI-RS ID. If the UE receives the PDCCH addressed to C­

RNTI including DCI indicating beam failure recovery response and includes the SCell 

Index of SCell for which beam failure recovery request was transmitted while bfr­

Response Window is running Beam Failure Recovery is considered successfully 

completed ( or random access procedure is successfully completed). 

[118] It is to be noted that SCell Index may not be needed in beam failure recovery 

response if the SCell for which beam failure recovery is initiated is the only SCell in its 

CG. Or, in another embodiment, the SCell Index may not be needed in beam failure 

recovery response transmitted by SCell if it is the same SCell as the UE transmits the 

beam failure recovery request. The beam failure recovery response can be transmitted 

by gNB from SpCell or any cell of the CG. 

[119] In order for this Beam Failure Recovery Response transmission from SpCell, the 

SCell can generate or approve the Beam Failure Recovery Response for the specific 

UE, using the information of the current SCell status and the specific UE measurement 

which is transmitted by UE and shared by SCell to the SpCell. Or, in another em­

bodiment, the SpCell can generate the Beam Failure Recovery Response for the 

specific UE, using the information of the current SCell status and the specific UE mea­

surement which is shared by SCell. 

[120] If the bfr-ResponseWindow is expired, UE performs Steps 2 to 4 again. If the bfr-

ResponseWindow is expired and UE has already transmitted PRACH preamble for 

configured number of times, Beam Failure Recovery Request ( or random access) 

procedure is considered unsuccessful and UE may trigger radio link failure. 

[121] Figures 6a and 6b illustrate a generalized UE procedure and the gNB procedure for 

beam failure recovery for any serving cell based on the above procedure proposed for 

recovering beam failure. 

[122] Referring to Figure 6a, a UE receives the PRACH preambles and/or PRACH 

occasions for serving cell(s) for beam failure recovery from gNB at operation 610a. 
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First configuration information on PRACH preambles and/or PRACH occasions for 

SpCell beam failure recovery and second configuration information on PRACH 

preambles and/or PRACH occasions for SCell beam failure recovery may be received 

from gNB. If beam failure recovery is initiated at operation 620a, the UE selects the 

candidate beam of the serving cell for which beam failure recovery is initiated at 

operation 630a, selects the PRACH preamble and PRACH occasion for beam failure 

recovery request transmission corresponding to the selected candidate beam from the 

PRACH preambles and PRACH occasions of the serving cell for which beam failure 

recovery is initiated at operation 640a, and transmits a PRACH preamble for beam 

failure recovery request on the serving cell for which beam failure recovery is initiated 

at operation 650a. If SCell beam failure recovery is triggered at operation 620a, the UE 

may select the candidate beam of SCell at operation 630a, select the PRACH preamble 

and PRACH occasion for beam failure recovery request transmission corresponding to 

the selected candidate beam from the PRACH preambles and PRACH occasions of 

SCell at operation 640a, and transmit a PRACH preamble for beam failure recovery 

request on SCell at operation 650a. The UE starts the bfr-ResponseWindow and 

monitors the PDCCH of the SpCell while bfr-ResponseWindow is running at operation 

660a. In case of beam failure recovery request transmitted on SCell, if the beam failure 

recovery response is received on the PDCCH addressed to C-RNTI and the received 

Transport Block (TB) is successfully decoded and beam failure recovery response 

MAC CE including the SCell index of SCell for which beam failure recovery request 

was transmitted is received, SCell beam failure recovery is considered successfully 

completed at operation 670a. In case of beam failure recovery request transmitted on 

SpCell, if the beam failure recovery response is received on the PDCCH addressed to 

C-RNTI from SpCell, SpCell beam failure recovery is considered successfully 

completed at operation 680a. Alternatively, if the beam failure recovery response is 

received on the PDCCH addressed to C-RNTI and the received TB is successfully 

decoded and beam failure recovery response MAC CE including the cell index of 

SpCell for which beam failure recovery request was transmitted is received, SpCell 

beam failure recovery is considered successfully completed. Alternatively, if the beam 

failure recovery response is received on the PDCCH addressed to C-RNTI indicating 

DL/UL assignment, SpCell beam failure recovery is considered successfully 

completed. 

[123] Referring to Figure 6b, a gNB assigns the PRACH preambles and/or PRACH 

occasions for serving cell(s) for beam failure recovery to UE at operation 610b. The 

gNB may transmit first configuration information on PRACH preambles and/or 

PRACH occasions for SpCell beam failure recovery and second configuration in­

formation on PRACH preambles and/or PRACH occasions for SCell beam failure 
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[124] 

recovery to UE. The gNB receives the PRACH preamble for beam failure recovery 

request on a serving cell at operation 620b, and identifies the UE which has transmitted 

beam failure recovery request based on the PRACH preamble and/or PRACH occasion 

in which beam failure recover request is received and PRACH preamble and/or 

PRACH occasions assigned to UE at operation 630b. If SpCell beam failure recovery 

is triggered, the gNB may receive beam failure recovery request on SpCell configured 

RACH resource. Else if SCell beam failure recovery is triggered, the gNB may receive 

beam failure recovery request on SCell configured RACH resource. If the beam failure 

recovery request is received on SCell, the gNB transmits a beam failure recovery 

response on PDCCH addressed to C-RNTI of UE which has sent the beam failure 

recovery request from SpCell (or any cell of its CG) wherein the PDCCH indicates DL 

assignment and TB indicated by the DL assignment includes beam failure recovery 

response MAC CE including the SCell index of SCell for which the beam failure 

recovery request was received at operation 640b. If the beam failure recovery request 

is received on SpCell, the gNB transmits a beam failure recovery response on PDCCH 

addressed to C-RNTI of UE which has sent the beam failure recovery request from 

SpCell at operation 650b. The PDCCH may indicate DL/UL assignment for SpCell 

from which beam failure recovery request is received. Alternatively, if the beam failure 

recovery request is received on SpCell, the gNB transmits a beam failure recovery 

response on PDCCH addressed to C-RNTI ( of UE which has sent the beam failure 

recovery request) from SpCell (or any cell of its CG) wherein PDCCH indicates DL 

assignment and TB indicated by the DL assignment includes beam failure recovery 

response MAC CE including the cell index of cell for which beam failure recovery 

request was received. 

[125] Method 4: 

[126] Figure 7 illustrates beam failure recovery procedure for SCell based on Method 4 

according to an embodiment of the disclosure. 

[127] Beam Failure Detection (Step 1): The SCell transmits SSs or CSI-RSs periodically 

for beam management at operation 711. UE monitors SSs or CSI-RSs transmitted peri­

odically by the SCell to assess if a beam failure trigger condition has been met and also 

to identify a new candidate beam. The signal (SS or CSI-RS) to measure for detecting 

beam failure on an SCell can be configured by gNB in RRCReconfiguration message. 

The UE detects a beam failure on SCell if number of detected beam failure instances 

within a defined time duration (beamFailureDetectionTimer) exceeds a configured 

maximum number (pre-defined or signaled to UE by gNB in RRC message) at 

operation 712. A Beam Failure Instance means that all serving beam fails (i.e., hypo­

thetical PDCCH BLER determined based on measurement of SS or CSI-RS is above a 
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threshold). 

[128] Candidate Beam Selection (Step 2): The UE identifies candidate beam of SCell at 

operation 720. The UE may identify an SS blocks with SS-RSRP above rsrp­

ThresholdSSB or a CSI-RSs with CSI-RSRP above csirs-dedicatedRACH-Threshold, 

and may select the SS block with SS-RSRP above rsrp-ThresholdSSB or the CSI-RS 

with CSI- RSRP above csirs-dedicatedRACH-Threshold. csirs-dedi­

catedRACH-Threshold and rsrp-ThresholdSSB are signaled by gNB to UE for SCell. 

[129] Beam Failure Recovery Request Transmission (Step 3): For Beam Failure Recovery 

Request Transmission for recovering beam of SCell, it is proposed that UE transmits a 

Beam Failure Recovery Request MAC CE at operation 730. The MAC CE includes the 

SCell index of the SCell for which beam failure recovery is initiated and MAC CE also 

includes one or more CSI-RS ID or SSB ID of selected SSB or CSI-RS. In an em­

bodiment Ci field in MAC CE may be included. If there is an SCell configured for the 

MAC entity with SCelllndex i this field set to one indicates the beam failure recovery 

request of the SCell with SCelllndex i. An LCID is reserved for beam failure recovery 

request MAC CE. The LCID in MAC subheader is set to this LCID for beam failure 

recovery request MAC CE. It is to be noted that MAC entity can send Beam Failure 

Recovery Request to gNB via any cell of its Cell group. In an embodiment, Beam 

Failure Recovery Request can be a RRC message instead of MAC CE. 

[130] Beam Failure Recovery Request Response (Step 4): For receiving response for Beam 

Failure Recovery Request transmitted by UE for recovering beam of SCell, it is 

proposed that UE start the bfr-ResponseWindow (i.e., ra-response Window configured 

in beam failure recovery configuration) and monitor for beam failure recovery 

response while bfr-ResponseWindow is running at operation 740. 

[131] In an embodiment, beam failure recovery response is a MAC CE and includes the 

SCell Index of SCell for which beam recovery request was transmitted. In an em­

bodiment Ci field in MAC CE may be included. If there is an SCell configured for the 

MAC entity with SCelllndex i this field set to one indicates the beam failure recovery 

response of the SCell with SCelllndex i. An LCID is reserved for beam failure 

recovery response MAC CE. The LCID in MAC subheader is set to this LCID for 

beam failure recovery response MAC CE. MAC CE may also include candidate beam 

information, i.e., SSB ID or CSI RS ID. If the UE receives the beam failure recovery 

response MAC CE including the SCell Index of SCell for which beam recovery 

request was transmitted while bfr-ResponseWindow is running, Beam Failure Recovery 

is considered successfully completed and beamFailureRecoveryTimer is stopped. 

[132] In another embodiment, beam failure recovery response can be a RRC message and 

includes the SCell Index of SCell for which beam recovery request was transmitted. 

RRC message may also include candidate beam information, i.e., SSB ID or CSI RS 
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ID. If the UE receives the beam failure recovery response including the SCell Index of 

SCell for which beam recovery request was transmitted while bfr-ResponseWindow is 

running Beam Failure Recovery is considered successfully completed. 

[133] In another embodiment, beam failure recovery response can be a PDCCH addressed 

to C-RNTI including DCI indicating beam failure recovery response and includes the 

SCell Index of SCell for which beam recovery request was transmitted. DCI may also 

include candidate beam information, i.e., SSB ID or CSI RS ID. If the UE receives the 

PDCCH addressed to C-RNTI including DCI indicating beam failure recovery 

response and includes the SCell Index of SCell for which beam recovery request was 

transmitted while bfr-ResponseWindow is running Beam Failure Recovery is 

considered successfully completed (or random access procedure is successfully 

completed). 

[134] It is to be noted that SCell Index may not be needed in beam failure recovery 

response if the SCell for which beam recovery is initiated is the only SCell in its CG. 

Or, in another embodiment, the SCell Index may not be needed in beam failure 

recovery response transmitted by SCell if it is the same SCell as the UE transmits the 

beam failure recovery request. The beam failure recovery response can be transmitted 

by gNB from SpCell or any cell of the CG. 

[135] If the bfr-ResponseWindow is expired, UE performs Steps 2 to 4 again. If the bfr-

ResponseWindow is expired and UE has already transmitted beam failure recovery 

request for configured number of times, Beam Failure Recovery Request procedure is 

considered unsuccessful and UE may trigger radio link failure. 

[136] Figure 8 illustrates a generalized procedure for beam failure recovery for any serving 

cell based on the above procedure proposed for recovering beam failure. 

[ 137] Referring to Figure 8, if beam failure recovery is initiated at operation 810, a UE 

selects the candidate beam of the serving cell for which beam failure recovery is 

initiated at operation 820, and determines whether beam failure recovery is for SpCell 

at operation 830. If beam failure recovery is for SpCell, the UE initiates random access 

procedure on SpCell for beam failure recovery at operation 840. 

[138] If beam failure recovery is for SCell, the UE transmit beam failure recovery request 

(MAC CE) to gNB at operation 850. The MAC CE may include the SCell index of the 

SCell for which beam failure recovery is initiated. The MAC CE may also include one 

or more CSI-RS ID or SSB ID of the selected SSB or CSI-RS. The UE starts the bfr­

ResponseWindow (i.e., ra-response Window configured in beam failure recovery con­

figuration) and monitors for beam failure recovery response while bif­

ResponseWindow is running at operation 860. If the UE receives the beam failure 

recovery response MAC CE including the SCell index of SCell for which beam failure 

recovery request was transmitted while bfr-ResponseWindow is running, beam failure 
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recovery is considered successfully completed at operation 870. 

[139] 

[140] Method 5: 

PCT/KR2019/000220 

[141] Figure 9 illustrates beam failure recovery procedure for SCell using the contention-

based RACH on SpCell based on Method 5 according to an embodiment of the 

disclosure. 

[142] Beam Failure Detection (Step 1): The SCell transmits SSs or CSI-RSs periodically 

for beam management at operation 911. UE monitors SSs or CSI-RSs transmitted peri­

odically by the SCell to assess if a beam failure trigger condition has been met and also 

to identify a new candidate beam. The signal (SS or CSI-RS) to measure for detecting 

beam failure on an SCell can be configured by gNB in RRCReconfiguration message. 

The UE detects a beam failure on SCell if number of detected beam failure instances 

within a defined time duration (beamFailureDetectionTimer) exceeds a configured 

maximum number (pre-defined or signaled to UE by gNB in RRC message) at 

operation 912. A Beam Failure Instance means that all serving beam fails (i.e., hypo­

thetical PDCCH BLER determined based on measurement of SS or CSI-RS is above a 

threshold). 

[143] Candidate Beam Selection (Step 2): The UE identifies candidate beam of SCell at 

operation 920. The UE may identify an SS blocks with SS-RSRP above rsrp­

ThresholdSSB or a CSI-RSs with CSI-RSRP above csirs-dedicatedRACH-Threshold, 

and may select the SS block with SS-RSRP above rsrp-ThresholdSSB or the CSI-RS 

with CSI- RSRP above csirs-dedicatedRACH-Threshold. csirs-dedi­

catedRACH-Threshold and rsrp-ThresholdSSB are signaled by gNB to UE for SCell. 

[144] Beam Failure Recovery Request Transmission (Step 3): 

[145] For Beam Failure Recovery Request Transmission for recovering beam of SCell, it is 

proposed that UE transmits a Beam Failure Recovery Request MAC CE. Here it is 

assumed that UL grant is not available for transmitting the Beam Failure Recovery 

Request. So UE initiates the contention based (CB) random access procedure. 

[146] Specifically, the UE selects PRACH preamble and/or PRACH occasion from PCell's 

CB PRACH configuration at operation 931. Selection is not based on SCell candidates 

beam but based on SpCell's serving beam. The UE transmits a PRACH preamble to 

SpCell at operation 932, and receives a random access response (RAR) on a PDCCH 

addressed to RA-RNTI from SpCell at operation 933. In the UL grant received in 

RAR, UE transmits Beam Failure Recovery Request at operation 934. In the UL grant 

received in RAR, UE also transmits C-RNTI MAC CE at operation 934.In an em­

bodiment, the beam failure recovery request is a e MAC CE which include the SCell 

index of the SCell for which beam failure recovery is initiated and the MAC CE may 

also include one or more CSI-RS ID or SSB ID of selected SSB or CSI-RS. It is to be 



29 

WO 2019/135654 PCT/KR2019/000220 

noted that MAC entity can send Beam Failure Recovery Request to gNB via any cell 

of its Cell group. In an embodiment, Beam Failure Recovery Request can be a RRC 

message instead of MAC CE. 

[147] Beam Failure Recovery Request Response (Step 4): After transmitting the Beam 

Failure Recovery Request in UL grant received in RAR at operation 934, contention 

resolution timer is started. UE monitors for beam failure recovery response while 

contention resolution timer is running at operation 940. 

[148] In an embodiment, beam failure recovery response is a MAC CE and includes the 

SCell Index of SCell for which beam recovery request was transmitted. In an em­

bodiment Ci field in MAC CE may be included. If there is an SCell configured for the 

MAC entity with SCelllndex i this field set to one indicates the beam failure recovery 

response of the SCell with SCelllndex i. An LCID is reserved for beam failure 

recovery response MAC CE. The LCID in MAC subheader is set to this LCID for 

beam failure recovery response MAC CE. MAC CE may also include candidate beam 

information, i.e., SSB ID or CSI RS ID. If the UE receives the beam failure recovery 

response MAC CE including the SCell Index of SCell for which beam recovery 

request was transmitted while contention resolution timer is running, Beam Failure 

Recovery is considered successfully completed. 

[149] In another embodiment, beam failure recovery response can be a RRC message and 

includes the SCell Index of SCell for which beam recovery request was transmitted. 

RRC message may also include candidate beam information, i.e., SSB ID or CSI RS 

ID. If the UE receives the beam failure recovery response including the SCell Index of 

SCell for which beam recovery request was transmitted while contention resolution 

timer is running Beam Failure Recovery is considered successfully completed. 

[150] In another embodiment, beam failure recovery response can be a PDCCH addressed 

to C-RNTI including DCI indicating beam failure recovery response and includes the 

SCell Index of SCell for which beam failure recovery request was transmitted. DCI 

may also include candidate beam information, i.e., SSB ID or CSI RS ID. If the UE 

receives the PDCCH addressed to C-RNTI including DCI indicating beam failure 

recovery response and includes the SCell Index of SCell for which beam failure 

recovery request was transmitted while contention resolution timer is running Beam 

Failure Recovery is considered successfully completed (or random access procedure is 

successfully completed). 

[151] It is to be noted that SCell Index may not be needed in beam failure recovery 

response if the SCell for which beam recovery is initiated is the only SCell in its CG. 

Or, in another embodiment, the SCell Index may not be needed in beam failure 

recovery response if it is the same SCell as the UE transmits the beam failure recovery 

request. 



30 

WO 2019/135654 PCT/KR2019/000220 

[152] If the contention resolution timer is expired, UE performs Steps 2 to 4 again. If the 

[153] 

contention resolution timer is expired and UE has already transmitted beam failure 

recovery request for configured number of times, Beam Failure Recovery Request 

procedure is considered unsuccessful and UE may trigger radio link failure. 

[154] Method 6: 

[155] Figure 10 illustrates beam failure recovery procedure for SCell based on Method 6 

according to an embodiment of the disclosure. 

[156] Beam Failure Detection (Step 1): The SCell transmits SSs or CSI-RSs periodically 

for beam management at operation 1011. UE monitors SSs or CSI-RSs transmitted pe­

riodically by the SCell to assess if a beam failure trigger condition has been met and 

also to identify a new candidate beam. The signal (SS or CSI-RS) to measure for 

detecting beam failure on an SCell can be configured by gNB in RRCReconfiguration 

message. The UE detects a beam failure on SCell if number of detected beam failure 

instances within a defined time duration (beamFailureDetectionTimer) exceeds a 

configured maximum number (pre-defined or signaled to UE by gNB in RRC 

message) at operation 1012. A Beam Failure Instance means that all serving beam fails 

(i.e., hypothetical PDCCH BLER determined based on measurement of SS or CSI-RS 

is above a threshold). 

[157] Candidate Beam Selection (Step 2): The UE identifies candidate beam of SCell at 

operation 1020. The UE may identify an SS blocks with SS-RSRP above rsrp­

ThresholdSSB or a CSI-RSs with CSI-RSRP above csirs-dedicatedRACH-Threshold, 

and may select the SS block with SS-RSRP above rsrp-ThresholdSSB or the CSI-RS 

with CSI- RSRP above csirs-dedicatedRACH-Threshold. csirs-dedi­

catedRACH-Threshold and rsrp-ThresholdSSB are signaled by gNB to UE for SCell. 

[158] Beam Failure Recovery Request Transmission (Step 3): 

[159] For Beam Failure Recovery Request Transmission for recovering beam of SCell, it is 

proposed that UE transmits a Beam Failure Recovery Request MAC CE. Here it is 

assumed that UL grant is not available for transmitting the Beam Failure Recovery 

Request. So UE initiates the contention free random access procedure. UE is assigned 

contention free (CF) RACH resources for beam failure recovery. Specifically, the UE 

selects PRACH preamble and/or PRACH occasion from PCell's CF PRACH con­

figuration at operation 1031. Selection is not based on SCell candidates beam but 

based on SpCell's serving beam. The UE transmits a PRACH preamble to SpCell at 

operation 1032, and receives a RAR on a PDCCH addressed to RA-RNTI from SpCell 

at operation 1033. In the UL grant received in RAR, UE transmits Beam Failure 

Recovery Request at operation 1034. In an embodiment, the beam failure recovery 

request is a MAC CE and the MAC CE may include the SCell index of the SCell for 
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which beam failure recovery is initiated and the MAC CE may also include one or 

more CSI-RS ID or SSB ID of selected SSB or CSI-RS. It is to be noted that MAC 

entity can send Beam Failure Recovery Request to gNB via any cell of its Cell group. 

In an embodiment, Beam Failure Recovery Request can be a RRC message instead of 

MAC CE. 

[160] Beam Failure Recovery Request Response (Step 4): After transmitting the Beam 

Failure Recovery Request in UL grant received in RAR at operation 1034, UE 

monitors for beam failure recovery response at operation 1040. 

[161] In an embodiment, beam failure recovery response is a MAC CE and includes the 

SCell Index of SCell for which beam recovery request was transmitted. In an em­

bodiment Ci field in MAC CE may be included. If there is an SCell configured for the 

MAC entity with SCelllndex i this field set to one indicates the beam failure recovery 

response of the SCell with SCelllndex i. An LCID is reserved for beam failure 

recovery response MAC CE. The LCID in MAC subheader is set to this LCID for 

beam failure recovery response MAC CE. MAC CE may also include candidate beam 

information, i.e., SSB ID or CSI RS ID. If the UE receives the beam failure recovery 

response MAC CE including the SCell Index of SCell for which beam recovery 

request was transmitted Beam Failure Recovery is considered successfully completed. 

[162] In another embodiment, beam failure recovery response can be a RRC message and 

includes the SCell Index of SCell for which beam recovery request was transmitted. 

RRC message may also include candidate beam information, i.e., SSB ID or CSI RS 

ID. If the UE receives the beam failure recovery response including the SCell Index of 

SCell for which beam recovery request was transmitted Beam Failure Recovery is 

considered successfully completed. 

[163] In another embodiment, beam failure recovery response can be a PDCCH addressed 

to C-RNTI including DCI indicating beam failure recovery response and includes the 

SCell Index of SCell for which beam recovery request was transmitted. DCI may also 

include candidate beam information, i.e., SSB ID or CSI RS ID. If the UE receives the 

PDCCH addressed to C-RNTI including DCI indicating beam failure recovery 

response and includes the SCell Index of SCell for which beam recovery request was 

transmitted Beam Failure Recovery is considered successfully completed (or random 

access procedure is successfully completed). 

[164] It is to be noted that SCell Index may not be needed in beam failure recovery 

response if the SCell for which beam recovery is initiated is the only SCell in its CG. 

[165] 

[166] Method 7: 

[ 167] Figure 11 illustrates beam failure recovery procedure for SCell based on Method 7 

according to an embodiment of the disclosure. 
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[168] For beam failure recovery on SCell, it is proposed that UE is configured with 

PRACH preambles and/or PRACH occasions on SpCell for SCell(s). This con­

figuration can be provided to UE in RRC message. This is a significant change from 

the existing system wherein PRACH preambles and PRACH occasions of SpCell for 

beam failure recovery are only provided for SpCell, i.e., mapped to beam (i.e., SSBs or 

CSI RSs of SpCell). For beam failure recovery on SCell, PRACH preamble(s) and/or 

PRACH occasion(s) of SpCell are associated to beams (i.e., SSBs or CSI RSs) of 

SCells. As an example, the PRACH resource configuration of SpCell may have Quasi­

co-location information for mapping the beams from SpCell and beams from SCells, 

simultaneously (i.e., SSB index of SpCell and SSB index of SCell, SSB index of 

SpCell and CSI_RS index of SCell, CSI RS index of SpCell and SSB index of SCell, 

CSI RS index of SpCell and CSI RS index of SCell). 

[169] Note that this configuration of PRACH resource(s) could be transmitted from SpCell 

and/or SCell. 

[170] Beam Failure Detection (Step 1): The SCell transmits SSs or CSI-RSs periodically 

for beam management at operation 1111. UE monitors SSs or CSI-RSs transmitted pe­

riodically by the SCell to assess if a beam failure trigger condition has been met and 

also to identify a new candidate beam. The signal (SS or CSI-RS) to measure for 

detecting beam failure on an SCell can be configured by gNB in RRCReconfiguration 

message. The UE detects a beam failure on SCell if number of detected beam failure 

instances within a defined time duration (beamFailureDetectionTimer) exceeds a 

configured maximum number (pre-defined or signaled to UE by gNB in RRC 

message) at operation 1112. A Beam Failure Instance means that all serving beam fails 

(i.e., hypothetical PDCCH BLER determined based on measurement of SS or CSI-RS 

is above a threshold). 

[ 171] Candidate Beam Selection (Step 2): For beam failure recovery on SCell, it is 

proposed that UE is configured with PRACH preambles and/or PRACH occasions on 

SpCell for SCell. This configuration can be provided to UE in RRC message. The UE 

identifies candidate beam of SCell at operation 1120. For beam failure recovery on 

SCell PRACH preamble and/or PRACH occasions of SpCell are associated to beam 

(i.e., SSB or CSI RS) of SCell. The UE may identify the SS blocks of SCell with SS­

RSRP above rsrp-ThresholdSSB among the SS blocks in candidateBeamRSList or the 

CSI-RSs of SCell with CSI-RSRP above csirs-dedicatedRACH-Threshold among the 

CSI-RSs in candidateBeamRSList. If at least one of the SS blocks of SCell with SS­

RSRP above rsrp-ThresholdSSB among the SS blocks in candidateBeamRSList or the 

CSI-RSs of SCell with CSI-RSRP above csirs-dedicatedRACH-Threshold among the 

CSI-RSs in candidateBeamRSList is available then UE selects an SS block with SS­

RSRP above rsrp-ThresholdSSB among the SS blocks in candidateBeamRSList or a 
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CSI-RS with CSI- RSRP above csirs-dedicatedRACH-Threshold among the CSI-RSs 

in candidateBeamRSList. 

[172] Beam Failure Recovery Request Transmission (Step 3): For Beam Failure Recovery 

Request Transmission for recovering beam of the SCell, it is proposed that UE select 

PRACH preamble corresponding to the selected SS block of the said SCell or CSI-RS 

of the said SCell from the set of SpCell's Random Access Preambles for beam failure 

recovery request transmission for the said SCell at operation 1131. If multiple PRACH 

preambles are mapped to selected SS block or CSI-RS, UE selects one PRACH 

preamble randomly from the mapped PRACH preambles. UE selects the next available 

PRACH occasion corresponding to the selected SS block of said SCell or CSI-RS of 

said SCell from the set of Random Access Occasions for beam failure recovery request 

transmission for the said SCell at operation 1131. UE then transmits selected PRACH 

preamble over the selected PRACH Occasion of SpCell at operation 1132. 

[173] Beam Failure Recovery Request Response (Step 4): In an embodiment, for receiving 

response for Beam Failure Recovery Request transmitted by UE for recovering beam 

of SCell, it is proposed that UE start the bfr-ResponseWindow (i.e., ra-response 

Window configured in beam failure recovery configuration) at the start of the first 

PDCCH occasion after a fixed duration of X symbols from the end of the preamble 

transmission and UE monitors the PDCCH of the SpCell identified by the C-RNTI 

while bfr-ResponseWindow is running. UE may monitor PDCCH in beam failure 

recovery search space, if configured. If the UE receives the PDCCH transmission 

addressed to the C-RNTI from SpCell while bfr-ResponseWindow is running and 

received PDCCH indicates DL or UL assignment for SCell for which beam recovery 

request was transmitted at operation 1141, Beam Failure Recovery is considered suc­

cessfully completed (or random access procedure is successfully completed). 

[174] In an alternate embodiment, for receiving response for Beam Failure Recovery 

Request transmitted by UE for recovering beam of SCell, it is proposed that UE start 

the bfr-ResponseWindow and monitor for beam failure recovery response while bfr­

Response Window is running. In an embodiment, beam failure recovery response is a 

MAC CE and includes the SCell Index of SCell for which beam recovery request was 

transmitted. In an embodiment C i field in MAC CE may be included. If there is an 

SCell configured for the MAC entity with SCelllndex i this field set to one indicates 

the beam failure recovery response of the SCell with SCelllndex i. An LCID is 

reserved for beam failure recovery response MAC CE. The LCID in MAC subheader 

is set to this LCID for beam failure recovery response MAC CE. The MAC CE may 

also include candidate beam information, i.e., SSB ID or CSI-RS ID. If the UE 

receives the beam failure recovery response MAC CE including the SCell Index of 

SCell for which beam recovery request was transmitted while bfr-ResponseWindow is 
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running at operation 1142, Beam Failure Recovery is considered successfully 

completed ( or random access procedure is successfully completed). 

[175] In another embodiment, beam failure recovery response can be a RRC message and 

includes the SCell Index of SCell for which beam recovery request was transmitted. 

The RRC message may also include candidate beam information, i.e., SSB ID or CSI­

RS ID. If the UE receives the beam failure recovery response including the SCell 

Index of SCell for which beam recovery request was transmitted while bfr-

Response Window is running Beam Failure Recovery is considered successfully 

completed ( or random access procedure is successfully completed). 

[176] In another embodiment, beam failure recovery response can be a PDCCH addressed 

to C-RNTI including DCI indicating beam failure recovery response and includes the 

SCell Index of SCell for which beam recovery request was transmitted. The DCI may 

also include candidate beam information, i.e., SSB ID or CSI-RS ID. If the UE 

receives the PDCCH addressed to C-RNTI including DCI indicating beam failure 

recovery response and includes the SCell Index of SCell for which beam recovery 

request was transmitted while bfr-ResponseWindow is running Beam Failure Recovery 

is considered successfully completed (or random access procedure is successfully 

completed). 

[177] It is to be noted that SCell Index may not be needed in beam failure recovery 

response if the SCell for which beam recovery is initiated is the only SCell in its CG. 

The beam failure recovery response can be transmitted by gNB from SpCell or any cell 

of the CG. 

[178] If the bfr-ResponseWindow is expired, UE performs Steps 2 to 4 again. If the bfr-

ResponseWindow is expired and UE has already transmitted PRACH preamble for 

configured number of times (pre-defined or signaled to UE by gNB in RRC message), 

Beam Failure Recovery Request procedure (or random access procedure) is considered 

unsuccessful and UE may trigger radio link failure. 

[179] Figures 12a and 12b illustrate a generalized UE procedure and the gNB procedure for 

beam failure recovery for any serving cell based on the above procedure proposed for 

recovering beam failure. 

[180] Referring to Figure 12a, a UE receives configuration information on the PRACH 

preambles and/or PRACH occasions for beam failure recovery from gNB at operation 

1210a. These are mapped to beams of SpCell as well as SCell. If beam failure recovery 

is initiated at operation 1220a, the UE selects the candidate beam of the serving cell for 

which beam failure recovery is initiated at operation 1230a, and selects the PRACH 

preamble and PRACH occasion for beam failure recovery request transmission corre­

sponding to the selected candidate beam of a serving cell from the PRACH preambles 

and PRACH occasions of the SpCell at operation 1240a. The UE transmits a PRACH 
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preamble for beam failure recovery request to SpCell at operation 1250a. The UE starts 

the bfr-ResponseWindow and monitors the PDCCH of the SpCell while bfr­

ResponseWindow is running at operation 1260a. In case of beam failure recovery 

request transmitted for SCell's beam failure recovery, if the beam failure recovery 

response is received on the PDCCH addressed to C-RNTI and the received TB is suc­

cessfully decoded and beam failure recovery response MAC CE including the SCell 

index of SCell for which beam failure recovery request was transmitted is received, 

SCell beam failure recovery is considered successfully completed at operation 1270a. 

Alternatively, if the beam failure recovery response is received on the PDCCH 

addressed to C-RNTI indicating DL/UL assignment for SCell for which beam failure 

recovery request was transmitted received, SCell beam failure recovery is considered 

successfully completed. In case of beam failure recovery request transmitted for 

SpCell's beam failure recovery, if the beam failure recovery response is received on the 

PDCCH addressed to C-RNTI from SpCell, SpCell beam failure recovery is 

considered successfully completed at operation 1280a. Alternatively, if the beam 

failure recovery response is received on the PDCCH addressed to C-RNTI and the 

received TB is successfully decoded and beam failure recovery response MAC CE 

including the cell index of SpCell for which beam failure recovery request was 

transmitted is received, SpCell beam failure recovery is considered successfully 

completed. Alternatively, if the beam failure recovery response is received on the 

PDCCH addressed to C-RNTI indicating DL/UL assignment, SpCell beam failure 

recovery is considered successfully completed. 

[181] Referring to Figure 12b, a gNB assigns the PRACH preambles and/or PRACH 

occasions for beam failure recovery to UE at operation 1210b. These are mapped to 

beams of SpCell as well as SCell. The gNB receives the PRACH preamble for beam 

failure recovery request on SpCell at operation 1220b. The gNB identifies the UE 

which has transmitted beam failure recovery request and identifies the cell for which 

beam failure recovery request is received, based on the PRACH preamble and/or 

PRACH occasion in which beam failure recovery request is received and PRACH 

preamble and/or PRACH occasions assigned to UE at operation 1230b. If the beam 

failure recovery request is received for SCell's beam failure recovery, the gNB 

transmits a beam failure recovery response on PDCCH addressed to C-RNTI ( of UE 

which has sent the beam failure recovery request) from SpCell (or any cell of its CG) 

at operation 1240b. The PDCCH may indicate DL assignment and TB indicated by the 

DL assignment may include beam failure recovery response MAC CE including the 

SCell index of SCell for which the beam failure recovery request was received. Or, the 

PDCCH may indicate DL/UL assignment of SCell for which the beam failure recovery 

request was received. If the beam failure recovery request is received for SpCell's 
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[182] 

beam failure recovery, the gNB transmits a beam failure recovery response on PDCCH 

addressed to C-RNTI (of UE which has sent the beam failure recovery request) from 

SpCell at operation 1250b. Alternatively, if the beam failure recovery request is 

received for SpCell's beam failure recovery, the gNB transmits a beam failure recovery 

response on PDCCH addressed to C-RNTI ( of UE which has sent the beam failure 

recovery request) from SpCell wherein the PDCCH indicates DL/UL assignment for 

SpCell from which beam failure recovery request is receive. Alternatively, if the beam 

failure recovery request is received for SpCell's beam failure recovery, the gNB 

transmits a beam failure recovery response on PDCCH addressed to C-RNTI ( of UE 

which has sent the beam failure recovery request) from SpCell (or any cell of its CG) 

wherein the PDCCH indicates DL assignment and TB indicated by the DL assignment 

includes beam failure recovery response MAC CE including the cell index of SpCell 

for which beam recovery request was received. 

[183] Method 8: 

[184] Figure 13 illustrates beam failure recovery procedure for SCell based on Method 8 

according to an embodiment of the disclosure. 

[185] Beam Failure Detection (Step 1): The SCell transmits SSs or CSI-RSs periodically 

for beam management at operation 1311. UE monitors SSs or CSI-RSs transmitted pe­

riodically by the SCell to assess if a beam failure trigger condition has been met and 

also to identify a new candidate beam. The signal (SS or CSI-RS) to measure for 

detecting beam failure on an SCell can be configured by gNB in RRCReconfiguration 

message. The UE detects a beam failure on SCell if number of detected beam failure 

instances within a defined time duration (beamFailureDetectionTimer) exceeds a 

configured maximum number at operation 1312. A Beam Failure Instance means that 

all serving beam fails (i.e., hypothetical PDCCH BLER determined based on mea­

surement of SS or CSI-RS is above a threshold). 

[186] Candidate Beam Selection (Step 2): The UE identifies candidate beam of SCell at 

operation 1320. The UE may select an SS block with SS-RSRP above rsrp­

ThresholdSSB or a CSI-RS with CSI- RSRP above csirs-dedicatedRACH-Threshold. 

[187] Beam Failure Recovery Request Transmission (Step 3): For Beam Failure Recovery 

Request Transmission for recovering beam of the SCell, it is proposed that UE select 

PRACH preamble corresponding to the selected SS block or CSI-RS from the set of 

SCell's Random Access Preambles at operation 1331. The UE may select a PRACH 

preamble from SCell's CB PRACH configuration. If multiple PRACH preambles are 

mapped to selected SS block or CSI-RS, UE selects one PRACH preamble randomly 

from the mapped PRACH preambles. UE selects the next available PRACH occasion 

corresponding to the selected SS block or CSI-RS from the set of Random Access 
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Resources of the SCell at operation 1331. The UE may select a PRACH occasion from 

SCell's CB PRACH configuration. UE then transmits selected PRACH preamble over 

the selected PRACH occasion of SCell at operation 1332. UE monitors PDCCH of 

SpCell for RAR. In response to the PRACH preamble transmission, the UE may 

receive the RAR on the PDCCH addressed to RA-RNTI at operation 1333. In the UL 

grant received in RAR, UE transmits Beam Failure Recovery Request at operation 

1334. The beam failure recovery request may include C-RNTI MAC CE. The MAC 

CE may include the SCell index of the SCell for which beam failure recovery is 

initiated, and the MAC CE may also include one or more CSI-RS ID or SSB ID of the 

selected SSB or CSI-RS. 

[188] Beam Failure Recovery Request Response (Step 4): After transmitting the Beam 

Failure Recovery Request in UL grant received in RAR at operation 1334, contention 

resolution timer is started. UE monitors for beam failure recovery response while 

contention resolution timer is running at operation 1340. 

[189] In an embodiment, beam failure recovery response is a MAC CE and includes the 

SCell Index of SCell for which beam recovery request was transmitted. In an em­

bodiment Ci field in MAC CE may be included. If there is an SCell configured for the 

MAC entity with SCelllndex i this field set to one indicates the beam failure recovery 

response of the SCell with SCelllndex i. An LCID is reserved for beam failure 

recovery response MAC CE. The LCID in MAC subheader is set to this LCID for 

beam failure recovery response MAC CE. MAC CE may also include candidate beam 

information, i.e., SSB ID or CSI RS ID. If the UE receives the beam failure recovery 

response MAC CE including the SCell Index of SCell for which beam recovery 

request was transmitted while contention resolution timer is running, Beam Failure 

Recovery is considered successfully completed. 

[190] In another embodiment, beam failure recovery response can be a RRC message and 

includes the SCell Index of SCell for which beam recovery request was transmitted. 

RRC message may also include candidate beam information, i.e., SSB ID or CSI RS 

ID. If the UE receives the beam failure recovery response including the SCell Index of 

SCell for which beam recovery request was transmitted while contention resolution 

timer is running Beam Failure Recovery is considered successfully completed. 

[191] In another embodiment, beam failure recovery response can be a PDCCH addressed 

to C-RNTI including DCI indicating beam failure recovery response and includes the 

SCell Index of SCell for which beam recovery request was transmitted. DCI may also 

include candidate beam information, i.e., SSB ID or CSI RS ID. If the UE receives the 

PDCCH addressed to C-RNTI including DCI indicating beam failure recovery 

response and includes the SCell Index of SCell for which beam recovery request was 

transmitted while contention resolution timer is running Beam Failure Recovery is 
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considered successfully completed (or random access procedure is successfully 

completed). 

[192] It is to be noted that SCell Index may not be needed in beam failure recovery 

response if the SCell for which beam recovery is initiated is the only SCell in its CG. 

[193] If the contention resolution timer is expired, UE performs Steps 2 to 4 again. If the 

[194] 

contention resolution timer is expired and UE has already transmitted beam failure 

recovery request for configured number of times, Beam Failure Recovery Request 

procedure is considered unsuccessful and UE may trigger radio link failure. 

[ 195] Method 9: 

[ 196] Figure 14 illustrates beam failure recovery procedure for SCell based on Method 9 

according to an embodiment of the disclosure. 

[197] Beam Failure Detection (Step 1): The SCell transmits SSs or CSI-RSs periodically 

for beam management at operation 1411. UE monitors SSs or CSI-RSs transmitted pe­

riodically by the SCell to assess if a beam failure trigger condition has been met and 

also to identify a new candidate beam. The signal (SS or CSI-RS) to measure for 

detecting beam failure on an SCell can be configured by gNB in RRCReconfiguration 

message. The UE detects a beam failure on SCell if number of detected beam failure 

instances within a defined time duration (beamFailureDetectionTimer) exceeds a 

configured maximum number at operation 1412. A Beam Failure Instance means that 

all serving beam fails (i.e., hypothetical PDCCH BLER determined based on mea­

surement of SS or CSI-RS is above a threshold). 

[198] Candidate Beam Selection (Step 2): The UE identifies candidate beam of SCell at 

operation 1420. The UE may select an SS block with SS-RSRP above rsrp­

ThresholdSSB or a CSI-RS with CSI- RSRP above csirs-dedicatedRACH-Threshold. 

[199] Beam Failure Recovery Request Transmission using the contention-based RACH on 

SCell (Step 3): 

[200] For Beam Failure Recovery Request Transmission for recovering beam of SCell, it is 

proposed that UE transmits a Beam Failure Recovery Request MAC CE using the 

message 3 of the contention-based RACH procedure on SCell. Here it is assumed that 

UL grant is not available for transmitting the Beam Failure Recovery Request. So UE 

initiates the contention based random access procedure. 

[201] Specifically, the UE selects PRACH preamble and/or PRACH occasion from SCell's 

CB PRACH configuration at operation 1431. The UE transmits a PRACH preamble to 

SCell at operation 1432, and receives a RAR on a PDCCH addressed to RA-RNTI 

from SCell at operation 1433. In the UL grant received in RAR, UE transmits Beam 

Failure Recovery Request at operation 1434. The beam failure recovery request is a 

MAC CE and the MAC CE may include one or more CSI-RS ID or SSB ID of selected 
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SSB or CSI-RS. C-RNTI MAC CE is also transmitted at operation 1434. It is to be 

noted that MAC entity can send Beam Failure Recovery Request to gNB via any cell 

of its Cell group. In an embodiment, Beam Failure Recovery Request can be a RRC 

message instead of MAC CE. 

[202] Beam Failure Recovery Request Response (Step 4 ): After transmitting the Beam 

Failure Recovery Request in UL grant received in RAR at operation 1434, contention 

resolution timer is started. UE monitors for beam failure recovery response while 

contention resolution timer is running. If the UE receives the PDCCH transmission 

addressed to the C-RNTI from SCell while contention resolution timer is running at 

operation 1440, Beam Failure Recovery is considered successfully completed (or 

random access procedure is successfully completed). 

[203] In order for this Beam Failure Recovery Response transmission from SCell, the SCell 

can generate its own Beam Failure Recovery Response for the specific UE using the 

information of the specific UE measurement and SCell beam characteristics. 

[204] If the contention resolution timer is expired, UE performs Steps 2 to 4 again. If the 

[205] 

contention resolution timer is expired and UE has already transmitted beam failure 

recovery request for configured number of times, Beam Failure Recovery Request 

procedure is considered unsuccessful and UE may trigger radio link failure. 

[206] Method 10: 

[207] Figure 15 illustrates beam failure recovery procedure for SpCell using SCell based 

on Method 10 according to an embodiment of the disclosure. 

[208] For beam failure recovery for SpCell on SCell, it is proposed that UE is configured 

with PRACH preambles and/or PRACH occasions on SCell for SpCell's beam failure 

recovery. This configuration can be provided to UE in RRC message. This is a sig­

nificant change from the existing system wherein PRACH preambles and PRACH 

occasions of SpCell for beam recovery are only provided for SpCell, i.e., mapped to 

beam (i.e., SSBs or CSI RSs of SpCell). PRACH preamble(s) and/or PRACH 

occasion(s) of SCell for beam recovery are associated to beams (i.e., SSBs or CSI RSs) 

of SpCell and SCells. As an example, the PRACH resource configuration of SCell may 

have Quasi-co-location information for mapping the beams from SpCell and beams 

from SCells, simultaneously (i.e., SSB index of SpCell and SSB index of SCell, SSB 

index of SpCell and CSI_RS index of SCell, CSI RS index of SpCell and SSB index of 

SCell, CSI RS index of SpCell and CSI RS index of SCell). 

[209] Note that this configuration of PRACH occasion(s) could be transmitted from SpCell 

and/or SCell. 

[210] Beam Failure Detection (Step 1): The SpCell transmits SSs or CSI-RSs periodically 

for beam management at operation 1511. UE monitors SSs or CSI-RSs transmitted pe-
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riodically by the SpCell to assess if a beam failure trigger condition has been met and 

also to identify a new candidate beam. The signal (SS or CSI-RS) to measure for 

detecting beam failure on an SCell can be configured by gNB in RRCReconfiguration 

message. The UE detects a beam failure on SpCell if number of detected beam failure 

instances within a defined time duration (beamFailureDetectionTimer) exceeds a 

configured maximum number (pre-defined or signaled to UE by gNB in RRC 

message) at operation 1512. A Beam Failure Instance means that all serving beam fails 

(i.e., hypothetical PDCCH BLER determined based on measurement of SS or CSI-RS 

is above a threshold). 

[211] Candidate Beam Selection (Step 2): For beam failure recovery on SpCell, it is 

proposed that UE is configured with PRACH preambles and PRACH occasions on 

SCell for SpCell. This configuration can be provided to UE in RRC message. The UE 

identifies candidate beam of SpCell at operation 1520. PRACH preamble and/PRACH 

occasions on SCell for beam recovery are associated to beam (i.e., SSB or CSI RS) on 

SpCell. The UE may identify the SS blocks of SpCell with SS-RSRP above rsrp­

ThresholdSSB among the SS blocks in candidateBeamRSList or the CSI-RSs of 

SpCell with CSI-RSRP above csirs-dedicatedRACH-Threshold among the CSI-RSs in 

candidateBeamRSList. If at least one of the SS blocks of SpCell with SS-RSRP above 

rsrp-ThresholdSSB among the SS blocks in candidateBeamRSList or the CSI-RSs of 

SpCell with CSI-RSRP above csirs-dedicatedRACH-Threshold among the CSI-RSs in 

candidateBeamRSList is available then UE selects an SS block with SS-RSRP above 

rsrp-ThresholdSSB among the SS blocks in candidateBeamRSList or a CSI-RS with 

CSI- RSRP above csirs-dedicatedRACH-Threshold among the CSI-RSs in candidate­

BeamRSList. candidateBeamRSList, csirs-dedicatedRACH-Threshold and rsrp­

ThresholdSSB are signaled by gNB to UE. 

[212] Beam Failure Recovery Request Transmission (Step 3): For Beam Failure Recovery 

Request Transmission for recovering beam of the SpCell, it is proposed that UE select 

PRACH preamble corresponding to the selected SS block of the said SpCell or CSI-RS 

of the said SpCell from the set of SCell's Random Access Preambles for beam failure 

recovery request transmission for the said SpCell at operation 1531. If multiple 

PRACH preambles are mapped to selected SS block or CSI-RS, UE selects one 

PRACH preamble randomly from the mapped PRACH preambles. UE selects the first 

available PRACH occasion corresponding to the selected SS block of said SpCell or 

CSI-RS of said SpCell from the set of Random Access Resources for beam failure 

recovery request transmission for the said SpCell at operation 1531. UE then transmits 

selected PRACH preamble over the selected PRACH occasion of SCell at operation 

1532. 

[213] Beam Failure Recovery Request Response (Step 4): In an embodiment, for receiving 
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response for Beam Failure Recovery Request transmitted by UE for recovering beam 

of SpCell, it is proposed that UE start the bfr-ResponseWindow (i.e., ra-response 

Window configured in beam failure recovery configuration) at the start of the first 

PDCCH occasion after a fixed duration of X symbols from the end of the preamble 

transmission and UE monitors the PDCCH of the SpCell identified by the C-RNTI 

while bfr-ResponseWindow is running. UE may monitor PDCCH in beam failure 

recovery search space, if configured. If the UE receives the PDCCH transmission 

addressed to the C-RNTI from SpCell while bfr-ResponseWindow is running at 

operation 1541, Beam Failure Recovery is considered successfully completed (or 

random access procedure is successfully completed). 

[214] In an alternate embodiment, for receiving response for Beam Failure Recovery 

Request transmitted by UE for recovering beam of SpCell, it is proposed that UE start 

the bfr-ResponseWindow (i.e., ra-response Window configured in beam failure 

recovery configuration) and monitor for beam failure recovery response while bfr­

Response Window is running. In an embodiment, beam failure recovery response is a 

MAC CE and includes the serving cell Index of Cell for which beam recovery request 

was transmitted. The MAC CE may also include candidate beam information, i.e., SSB 

ID or CSI-RS ID. If the UE receives the beam failure recovery response MAC CE 

including the Index of serving cell for which beam recovery request was transmitted 

while bfr-ResponseWindow is running at operation 1542, Beam Failure Recovery is 

considered successfully completed (or random access procedure is successfully 

completed). 

[215] In another embodiment, beam failure recovery response can be a RRC message and 

includes the Index of serving cell for which beam recovery request was transmitted. 

The RRC message may also include candidate beam information, i.e., SSB ID or CSI­

RS ID. If the UE receives the beam failure recovery response including the Index of 

serving cell for which beam recovery request was transmitted while bfr-

Response Window is running Beam Failure Recovery is considered successfully 

completed ( or random access procedure is successfully completed). 

[216] In another embodiment, beam failure recovery response can be a PDCCH addressed 

to C-RNTI including DCI indicating beam failure recovery response and includes the 

Index of serving Cell for which beam recovery request was transmitted. The DCI may 

also include candidate beam information, i.e., SSB ID or CSI-RS ID. If the UE 

receives the PDCCH addressed to C-RNTI including DCI indicating beam failure 

recovery response and includes the Index of Serving Cell for which beam recovery 

request was transmitted while bfr-ResponseWindow is running Beam Failure Recovery 

is considered successfully completed (or random access procedure is successfully 

completed). 
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[217] If the bfr-ResponseWindow is expired, UE performs Steps 2 to 4 again. If the bfr-

ResponseWindow is expired and UE has already transmitted PRACH preamble for 

configured number of times (pre-defined or signaled to UE by gNB in RRC message), 

Beam Failure Recovery Request procedure (or random access procedure) is considered 

unsuccessful and UE may trigger radio link failure. 

[218] Figures 16a and 16b illustrate a generalized UE procedure and the gNB procedure for 

beam failure recovery for any serving cell based on the above procedure proposed for 

recovering beam failure. 

[219] Referring to Figure 16a, a UE receives configuration information on the PRACH 

preambles and/or PRACH occasions for beam failure recovery from gNB at operation 

1610a. These are mapped to beams of SpCell as well as SCell. If beam failure recovery 

is initiated at operation 1620a, the UE selects the candidate beam of the serving cell for 

which beam failure recovery is initiated at operation 1630a, and selects the PRACH 

preamble and PRACH occasion for beam failure recovery request transmission corre­

sponding to the selected candidate beam of a serving cell from the PRACH preambles 

and PRACH occasions of the SpCell at operation 1640a. The UE transmits a PRACH 

preamble for beam failure recovery request to SCell at operation 1650a. The UE starts 

the bfr-ResponseWindow and monitors the PDCCH of the SpCell while bfr­

ResponseWindow is running at operation 1660a. If PDCCH addressed to C-RNTI is 

received from SpCell, Beam Failure Recovery is considered successfully completed at 

operation 1670a. Alternatively, if PDCCH addressed to C-RNTI is received and the 

received TB is successfully decoded and beam failure recovery response MAC CE 

including the Cell index of SpCell for which beam recovery request was transmitted is 

received, Beam Failure Recovery is considered successfully completed. 

[220] Referring to Figure 16b, a gNB assigns the PRACH preambles and/or PRACH 

occasions for beam failure recovery to UE at operation 161 Ob. These are mapped to 

beams of SpCell as well as SCell. The gNB receives the PRACH preamble for beam 

failure recovery request on SCell at operation 1620b. The gNB identifies the UE which 

has transmitted beam failure recovery request and identifies the cell for which beam 

failure recovery request is received, based on the PRACH preamble and/or PRACH 

occasion in which beam failure recovery request is received and PRACH preamble 

and/or PRACH occasions assigned to UE at operation 1630b. The gNB transmits a 

beam failure recovery response (i.e., PDCCH addressed to C-RNTI of the UE which 

has sent beam failure recovery request) from SpCell at operation 1640b. Alternatively, 

the gNB transmits a beam failure recovery response, i.e., PDCCH addressed to C­

RNTI of UE which has sent the beam failure recovery request from SpCell wherein the 

PDCCH indicates DL/UL assignment for SpCell from which beam failure recovery 

request is received. In an embodiment, if beam failure recovery search space is 
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[221] 

configured the beam failure recovery response is transmitted in beam failure recovery 

search space. 

[222] DRX Operation for Beam Recovery 

[223] Figures 17 and 18 show a Discontinuous Reception (DRX) cycle configured for a UE 

in RRC connected state to extend battery life. 

[224] DRX functionality can be configured for an RRC connected UE so that it does not 

always need to monitor the downlink channels. Referring to Figure 17, A DRX cycle 

consists of an 'On Duration' during which the UE shall monitor the scheduling channel 

i.e., PDCCH and a 'DRX Period' during which a UE has the opportunity to skip 

reception of downlink channels for battery saving purposes. 

[225] Referring to Figure 18, during the On Duration, UE waits for, after waking up, to 

receive PDCCHs. If the UE successfully decodes a PDCCH it starts the inactivity 

timer. Inactivity timer is the duration that UE waits to successfully decode a PDCCH, 

from the last successful decoding of a PDCCH, failing which it can go back to sleep. 

The UE shall restart the inactivity timer following a single successful decoding of a 

PDCCH for a first transmission only (i.e., not for retransmissions). 

[226] When a DRX cycle is configured, the Active Time includes the time while: 

[227] -drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-

RetransmissionTimerUL or ra-ContentionResolutionTimer is running; or 

[228] - a Scheduling Request (SR) is sent on PUCCH and is pending; or 

[229] - a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC 

entity has not been received after successful reception of a Random Access Response 

for the preamble not selected by the MAC entity among the contention based PRACH 

preambles. 

[230] If the DRX is configured following operation is performed by UE during the Active 

Time: 

[231] - monitor the PDCCH; 

[232] - if the PDCCH indicates a DL transmission: 

[233] ✓ start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first 

symbol after the end of the corresponding transmission carrying the DL HARQ 

feedback; 

[234] ✓ stop the drx-RetransmissionTimerDL for the corresponding HARQ process. 

[235] - if the PDCCH indicates a UL transmission: 

[236] ✓ start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the 

first symbol after the end of the first repetition of the corresponding PUSCH 

transmission; 

[237] ✓ stop the drx-RetransmissionTimerUL for the corresponding HARQ process. 
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[238] - if the PDCCH indicates a new transmission (DL or UL): 

[239] ✓ start or restart drx-InactivityTimer in the first symbol after the end of the PDCCH 

reception. 

[240] As discussed earlier beam failure recovery procedure is used to recover beam. 

[241] Figures 19a and 19b show a DRX cycle configured for a UE which transmits 

PRACH preamble indicating Beam failure recovery request during the active time. 

[242] The beam failure recovery response is transmitted by gNB in bfr-Response Window 

which starts at X symbols from the end of preamble transmission for Beam failure 

recovery request. Referring to Figure 19a, only a portion of bfr-Response Window 

belongs to active time. Referring to Figure 19b, the entire bfr-Response Window is 

outside the active time. So UE cannot receive the response and hence cannot recover 

from beam failure. One possible way to recovery is to monitor for response during the 

active time of next DRX cycle. However this leads to significant delay in recovering 

beam and it is possible that beam recovery timer may expire leading to declara tion of 

radio link failure. 

[243] In case of contention based random access is initiated for beam failure recovery, 

similar situation occurs for ra-ResponseWindow wherein UE monitors for RAR in ra­

ResponseWindow after transmitting the PRACH preamble. 

[244] Figures 20a and 20b show a DRX cycle configured for a UE which transmits 

PRACH preamble indicating Beam failure recovery request during the active time 

according to an embodiment of the disclosure. 

[245] Referring to Figures 20a and 20b, active time also includes the time duration while 

bfr-Response Window (i.e., ra-response Window configured in beam failure recovery 

configuration) is running. If DRX is configured and bfr-Response Window is running, 

UE shall perform the operations (described earlier) defined for active time. If the 

contention free Random Access Preamble for beam failure recovery request was 

transmitted by the MAC entity, start the bfr-ResponseWindow at the start of the first 

PDCCH occasion after a fixed duration of X symbols from the end of the preamble 

transmission and monitor the PDCCH of the SpCell for response to beam failure 

recovery request identified by the C-RNTI while bfr-ResponseWindow is running, re­

gardless of DRX configuration. 

[246] Figure 21 shows the UE operation when DRX is configured according to an em-

bodiment of the disclosure. 

[247] Referring to Figure 21, if DRX is configured at operation 2110, the UE determines 

whether OnDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or 

drx-RetransmissionTimerUL or ra-ContentionResolutionTimer is running at operation 

2220; or whether SR is transmitted on PUCCH and is pending at operation 2130; or 

whether a PDCCH indicating a new transmission addressed to the C-RNTI of the 
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MAC entity has not been received after successful reception of a RAR for CF RA at 

operation 2140. If it is determined that OnDurationTimer or drx-InactivityTimer or 

drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra­

ContentionResolutionTimer is running at operation 2120, or that SR is transmitted on 

PUCCH and is pending at operation 2130, or that the PDCCH indicating the new 

transmission addressed to the C-RNTI of the MAC entity has not been received after 

successful reception of the RAR for CF RA at operation 2140, the UE performs the 

operation defined for 'Active Time,' i.e., the UE shall monitor PDCCH at operation 

2150. 

[248] In addition, the UE determines whether Bfr-Response Window is running at 

operation 2160. If it is determined that the Bfr-Response Window is running at 

operation 2160, the UE performs the operation defined for 'Active Time,' i.e., the UE 

shall monitor PDCCH at operation 2150. 

[249] Otherwise, i.e., if it is determined that neither OnDurationTimer nor drx-

InactivityTimer nor drx-RetransmissionTimerDL nor drx-RetransmissionTimerUL nor 

ra-ContentionResolutionTimer is running at operation 2120, and SR is not transmitted 

on PUCCH or is not pending at operation 2130, and the PDCCH indicating the new 

transmission addressed to the C-RNTI of the MAC entity has not been received after 

successful reception of the RAR for CF RA at operation 2140, and the Bfr-Response 

Window is not running at operation 2160, the UE need not monitor PDCCH at 

operation 2170. 

[250] In another embodiment of the disclosure, active time also includes the time duration 

while ra-ResponseWindow or bfr-Response Window is running. 

[251] - If DRX is configured and bfr-Response Window is running, UE shall perform the 

operations ( described earlier) defined for active time. If the contention free Random 

Access Preamble for beam failure recovery request was transmitted by the MAC 

entity, start the bfr-ResponseWindow at the start of the first PDCCH occasion after a 

fixed duration of X symbols from the end of the preamble transmission and monitor 

the PDCCH of the SpCell for response to beam failure recovery request identified by 

the C-RNTI while bfr-ResponseWindow is running, regardless of DRX configuration. 

[252] - If DRX is configured and ra-ResponseWindow is running, UE shall perform the op-

erations (described earlier) defined for active time. Once the Random Access Preamble 

is transmitted and regardless of the possible occurrence of a measurement gap or DRX 

configuration, the MAC entity shall: monitor the PDCCH of the SpCell for Random 

Access Response(s) identified by the RA-RNTI(s) while ra-ResponseWindow is 

runnmg; 

[253] Figure 22 shows the UE operation when DRX is configured according to another em-

bodiment of the disclosure. 
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[254] Referring to Figure 22, if DRX is configured at operation 2210, the UE determines 

whether OnDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or 

drx-RetransmissionTimerUL or ra-ContentionResolutionTimer is running at operation 

2220; or whether SR is transmitted on PUCCH and is pending at operation 2230; or 

whether a PDCCH indicating a new transmission addressed to the C-RNTI of the 

MAC entity has not been received after successful reception of a RAR for CF RA at 

operation 2240. If it is determined that OnDurationTimer or drx-InactivityTimer or 

drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra­

ContentionResolutionTimer is running at operation 2220, or that SR is transmitted on 

PUCCH and is pending at operation 2230, or that the PDCCH indicating the new 

transmission addressed to the C-RNTI of the MAC entity has not been received after 

successful reception of the RAR for CF RA at operation 2240, the UE performs the 

operation defined for 'Active Time,' i.e., the UE shall monitor PDCCH at operation 

2250. 

[255] In addition, the UE determines whether Bfr-Response Window is running at 

operation 2260; or whether RA-Response Window is running at operation 2270. If it is 

determined that the Bfr-Response Window is running at operation 2160, or that the 

RA-Response Window is running at operation 2270, the UE performs the operation 

defined for 'Active Time,' i.e., the UE shall monitor PDCCH at operation 2250. 

[256] Otherwise, i.e., if it is determined that neither OnDurationTimer nor drx-

InactivityTimer nor drx-RetransmissionTimerDL nor drx-RetransmissionTimerUL nor 

ra-ContentionResolutionTimer is running at operation 2220, and SR is not transmitted 

on PUCCH or is not pending at operation 2230, and the PDCCH indicating the new 

transmission addressed to the C-RNTI of the MAC entity has not been received after 

successful reception of the RAR for CF RA at operation 2240, and the Bfr-Response 

Window is not running at operation 2260, and the RA-Response Window is not 

running at operation 2270, the UE need not monitor PDCCH at operation 2280. 

[257] In another embodiment of the disclosure active time also includes the time duration 

while beam recovery timer is running. If DRX is configured and beam recovery timer 

is running, UE shall perform the operations (described earlier) defined for active time. 

[258] Figure 23 shows the UE operation when DRX is configured according to another em-

bodiment of the disclosure. 

[259] Referring to Figure 23, if DRX is configured at operation 2310, the UE determines 

whether OnDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or 

drx-RetransmissionTimerUL or ra-ContentionResolutionTimer is running at operation 

2320; or whether SR is transmitted on PUCCH and is pending at operation 2330; or 

whether a PDCCH indicating a new transmission addressed to the C-RNTI of the 

MAC entity has not been received after successful reception of a RAR for CF RA at 
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operation 2340. If it is determined that OnDurationTimer or drx-InactivityTimer or 

drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra­

ContentionResolutionTimer is running at operation 2320, or that SR is transmitted on 

PUCCH and is pending at operation 2330, or that the PDCCH indicating the new 

transmission addressed to the C-RNTI of the MAC entity has not been received after 

successful reception of the RAR for CF RA at operation 2340, the UE performs the 

operation defined for 'Active Time,' i.e., the UE shall monitor PDCCH at operation 

2350. 

[260] In addition, the UE determines whether Beam Recovery Timer is running at 

operation 2360. If it is determined that the Beam Recovery Timer is running at 

operation 2360, the UE performs the operation defined for 'Active Time,' i.e., the UE 

shall monitor PDCCH at operation 2350. 

[261] Otherwise, i.e., if it is determined that neither OnDurationTimer nor drx-

InactivityTimer nor drx-RetransmissionTimerDL nor drx-RetransmissionTimerUL nor 

ra-ContentionResolutionTimer is running at operation 2320, and SR is not transmitted 

on PUCCH or is not pending at operation 2330, and the PDCCH indicating the new 

transmission addressed to the C-RNTI of the MAC entity has not been received after 

successful reception of the RAR for CF RA at operation 2340, and the Beam Recovery 

Timer is not running at operation 2360, the UE need not monitor PDCCH at operation 

2370. 

[262] In another embodiment of the disclosure active time also includes the time duration 

while random access procedure initiated for beam failure recovery is ongoing. If DRX 

is configured and beam failure recovery procedure is ongoing, UE shall perform the 

operations (described earlier) defined for active time. 

[263] Figure 24 is a block diagram of a terminal according to an embodiment of the 

disclosure. 

[264] Referring to Figure 24, the terminal includes a transceiver 2410, a controller 2420 

and a memory 2430. The transceiver 2410, the controller 2420 and the memory 2430 

are configured to perform the operations of the UE illustrated in the figures, e.g., 

Figures 1 to 23 (specifically, Figure 2a, 4a, 6a, 12a, or 16a), or described above. 

Although the transceiver 2410, the controller 2420 and the memory 2430 are shown as 

separate entities, they may be realized as a single entity like a single chip. Or, the 

transceiver 2410, the controller 2420 and the memory 2430 may be electrically 

connected to or coupled with each other. 

[265] The transceiver 2410 may transmit and receive signals to and from other network 

entities, e.g., a base station. 

[266] The controller 2420 may control the UE to perform functions according to one of the 

embodiments described above. 
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[267] Specifically, the controller 2420 may be configured to control the transceiver 2410 to 

receive first configuration information on a SpCell and second configuration in­

formation on a SCell from a base station. The controller 2420 may be configured to 

detect beam failure on at least one of the SpCell or the SCell. The controller 2420 may 

be configured to select a PRACH preamble and a PRACH occasion configured for 

beam failure recovery request transmission on the SCell based on the second con­

figuration information if the beam failure on the SCell is detected, and to control the 

transceiver 2410 to transmit the selected PRACH preamble over the selected PRACH 

occasion to the base station. In addition, the controller 2420 may be configured to 

select a SS block or a CSI RS of the SCell with a signal quality greater than a pre­

configured threshold, wherein the PRACH preamble is selected among PRACH 

preambles corresponding to the SS block or the CSI RS. In an embodiment based on 

Method 2, the controller 2420 may be configured to monitor PDCCH of the SpCell 

addressed to C-RNTI, wherein the PDCCH indicates downlink or uplink assignment 

for the SCell. In another embodiment based on Method 3, the controller 2420 may be 

configured to monitor MAC CE including an index of the SCell. In another em­

bodiment based on Method 7, the first configuration information is used to configure 

PRACH preambles and PRACH occasions on the SpCell for the SpCell, and the 

second configuration information is used to configure PRACH preambles and PRACH 

occasions on the SpCell for the SCell. 

[268] In addition, the controller 2420 may be configured to control the transceiver 2410 to 

transmit a beam failure recovery request to the base station, to determine active time 

including a time duration to monitor a beam failure recovery response on a control 

channel in response to the beam failure recovery request, and to monitor the control 

channel based on the terminal being in the active time. In an embodiment, the active 

time may include the time duration while a beam failure recovery response window is 

running. The beam failure recovery response window may start at a pre-define number 

of symbols from end of transmission for the beam failure recovery request. In another 

embodiment, the active time may include the time duration while a random access 

response window or a beam failure recovery timer is running. The random access 

response window may refer to the time window to monitor RA response(s) for the 

beam failure recovery (using contention-free Random Access Preamble). The beam 

failure recovery timer may refer to a timer for the beam failure recovery procedure, 

which may start if beam failure instance indication has been received from lower 

layers and stop if a random access procedure for a beam failure recovery is suc­

cessfully completed. 

[269] The controller 2420 may refer to a circuitry, an ASIC, or at least one processor. 

[270] In an embodiment, the operations of the terminal may be implemented using the 
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memory 2430 storing corresponding program codes. Specifically, the terminal may be 

equipped with the memory 2430 to store program codes implementing desired op­

erations. To perform the desired operations, the controller 2420 may read and execute 

the program codes stored in the memory 2430 by using a processor or a central 

processing unit (CPU). 

[271] Figure 25 is a block diagram of a base station according to an embodiment of the 

disclosure. 

[272] Referring to Figure 25, a base station includes a transceiver 2510, a controller 2520 

and a memory 2530. The transceiver 2510, the controller 2520 and the memory 2530 

are configured to perform the operations of the network (e.g., gNB) illustrated in the 

figures, e.g., Figures 1 to 23 (specifically, Figure 2b, 4b, 6b, 12b, or 16b), or described 

above. Although the transceiver 2510, the controller 2520 and the memory 2530 are 

shown as separate entities, they may be realized as a single entity like a single chip. 

The transceiver 2510, the controller 2520 and the memory 2530 may be electrically 

connected to or coupled with each other. 

[273] The transceiver 2510 may transmit and receive signals to and from other network 

entities, e.g., a terminal. 

[274] The controller 2520 may control the base station to perform functions according to 

one of the embodiments described above. Specifically, the controller 2520 may be 

configured to assign PRACH preambles and PRACH occasions for beam failure 

recovery request for a SpCell and a SCell to the terminal, to control the transceiver 

2510 to receive a PRACH preamble for the beam failure recovery request over a 

PRACH occasion from the terminal. The controller 2520 may be configured to identify 

a cell in which the beam failure recovery request is received based on the PRACH 

preamble and the PRACH occasion in which the beam failure recovery request is 

received, and the PRACH preambles and the PRACH occasions assigned to the 

terminal. The controller 2520 may be configured to control the transceiver 2510 to 

transmit a beam failure recovery request response to the terminal based on the identi­

fication of the cell. In an embodiment based on Method 2, the controller 2510 may be 

configured to control the transceiver to transmit the beam failure recovery request 

response based on PDCCH of the SpCell addressed to C-RNTI if the beam failure 

recovery request is identified for beam failure recovery on the SCell. The PDCCH may 

indicate downlink or uplink assignment for the SCell. In another embodiment based on 

Method 3, the controller 2510 may be configured to control the transceiver to transmit 

the beam failure recovery request response based on MAC CE including an index of 

the SCell if the beam failure recovery request is identified for beam failure recovery on 

the SCell. In another embodiment, the PRACH preambles and the PRACH occasions 

on the SpCell may be assigned for the beam failure recovery request for the SCell. 
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[275] The controller 2520 may refer to a circuitry, an ASIC, or at least one processor. 

[276] In an embodiment, the operations of the base station may be implemented using the 

memory 2530 storing corresponding program codes. Specifically, the base station may 

be equipped with the memory 2530 to store program codes implementing desired op­

erations. To perform the desired operations, the controller 2520 may read and execute 

the program codes stored in the memory 2530 by using a processor or a CPU. 

[277] While the disclosure has been shown and described with reference to various em-

bodiments thereof, it will be understood by those skilled in the art that various changes 

in form and details may be made therein without departing from the spirit and scope of 

the disclosure as defined by the appended claims and their equivalents. 
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Claims 
A method by a terminal for beam failure recovery, comprising: 

receiving, from a base station, first configuration information on a 

special cell (SpCell) and second configuration information on a 

secondary cell (SCell); 

detecting beam failure on the SCell; 

selecting a physical random access channel (PRACH) preamble and a 

PRACH occasion configured for beam failure recovery request 

transmission on the SCell based on the second configuration in­

formation; and 

transmitting, to the base station, the selected PRACH preamble over the 

selected PRACH occasion. 

The method of claim 1, further comprising: 

selecting a synchronization signal (SS) block or a channel state m­

formation reference signal (CSI RS) of the SCell with a signal quality 

greater than a preconfigured threshold, 

wherein the PRACH preamble is selected among PRACH preambles 

corresponding to the SS block or the CSI RS. 

The method of claim 1, further comprising: 

monitoring physical downlink control channel (PDCCH) of the SpCell 

addressed to cell-radio network temporary identifier (C-RNTI), 

wherein the PDCCH indicates downlink or uplink assignment for the 

SCell. 

The method of claim 1, further comprising: 

monitoring media access control (MAC) control element (CE) 

including an index of the SCell. 

The method of claim 1, wherein the first configuration information is 

used to configure PRACH preambles and PRACH occasions on the 

SpCell for the SpCell, and the second configuration information is used 

to configure PRACH preambles and PRACH occasions on the SpCell 

for the SCell. 

A method by a base station for beam failure recovery, comprising: 

assigning physical random access channel (PRACH) preambles and 

PRACH occasions for beam failure recovery request for a special cell 

(SpCell) and a secondary cell (SCell) to a terminal; 

receiving a PRACH preamble for the beam failure recovery request 

over an a PRACH occasion from the terminal; 
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identifying a cell in which the beam failure recovery request is received 

based on the PRACH preamble and the PRACH occasion in which the 

beam failure recovery request is received, and the PRACH preambles 

and the PRACH occasions assigned to the terminal; and 

transmitting a beam failure recovery request response to the terminal 

based on the identification of the cell. 

The method of claim 6, wherein if the beam failure recovery request is 

identified for beam failure recovery on the SCell, the beam failure 

recovery request response is transmitted based on physical downlink 

control channel (PDCCH) of the SpCell addressed to cell-radio network 

temporary identifier (C-RNTI), and the PDCCH indicates downlink or 

uplink assignment for the SCell. 

The method of claim 6, wherein if the beam failure recovery request is 

identified for beam failure recovery on the SCell, the beam failure 

recovery request response is transmitted based on media access control 

(MAC) control element (CE) including an index of the SCell. 

The method of claim 6, wherein the PRACH preambles and the 

PRACH occasions on the SpCell are assigned for the beam failure 

recovery request for the SCell. 

A terminal comprising: 

a transceiver configured to: 

receive signals from a base station, and 

transmit signals to the base station; and 

a controller coupled with the transceiver and configured to: 

control the transceiver to receive first configuration information on a 

special cell (SpCell) and second configuration information on a 

secondary cell (SCell) from the base station, 

detect beam failure on the SCell, 

select a physical random access channel (PRACH) preamble and a 

PRACH occasion configured for beam failure recovery request 

transmission on the SCell based on the second configuration m­

formation, and 

control the transceiver to transmit the selected PRACH preamble over 

the selected PRACH occasion to the base station. 

The terminal of claim 10, wherein the controller is further configured to 

select a synchronization signal (SS) block or a channel state in­

formation reference signal (CSI RS) of the SCell with a signal quality 

greater than a preconfigured threshold, 
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wherein the PRACH preamble is selected among PRACH preambles 

corresponding to the SS block or the CSI RS. 

The terminal of claim 10, 

wherein the controller is further configured to monitor physical 

downlink control channel (PDCCH) of the SpCell addressed to cell­

radio network temporary identifier (C-RNTI), wherein the PDCCH 

indicates downlink or uplink assignment for the SCell, or 

wherein the controller is further configured to monitor media access 

control (MAC) control element (CE) including an index of the SCell. 

The terminal of claim 10, wherein the first configuration information is 

used to configure PRACH preambles and PRACH occasions on the 

SpCell for the SpCell, and the second configuration information is used 

to configure PRACH preambles and PRACH occasions on the SpCell 

for the SCell. 

A base station comprising: 

a transceiver configured to: 

receive signals from a terminal, and 

transmit signals to the terminal; and 

a controller coupled with the transceiver and configured to: 

assign physical random access channel (PRACH) preambles and 

PRACH occasions for beam failure recovery request for a special cell 

(SpCell) and a secondary cell (SCell) to the terminal, 

control the transceiver to receive a PRACH preamble for the beam 

failure recovery request over a PRACH occasion from the terminal, 

identify a cell in which the beam failure recovery request is received 

based on the PRACH preamble and the PRACH occasion in which the 

beam failure recovery request is received, and the PRACH preambles 

and the PRACH occasions assigned to the terminal, and 

control the transceiver to transmit a beam failure recovery request 

response to the terminal based on the identification of the cell. 

The base station of claim 14, wherein if the beam failure recovery 

request is identified for beam failure recovery on the SCell, the 

controller is configured to control the transceiver to transmit the beam 

failure recovery request response based on physical downlink control 

channel (PDCCH) of the SpCell addressed to cell-radio network 

temporary identifier (C-RNTI), and the PDCCH indicates downlink or 

uplink assignment for the SCell. 
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[Fig. l] 
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[Fig. 2a] 
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♦ 
ENO ) 
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[Fig. 2b] 

( START ) 
♦ 

Assign the PRACH oreambles and/or 
PRACH resources for serving cell Isl for beam recovery to LIE '-'210b 

♦ 
Receive the PRACH oreamble for 

Beam Failure Recovery Reauest on a serving cell 

♦ 
Identify the LIE which has transmitted beam recovery reauest 

based on the PRACH oreamble and/or 
PRACH resource in which beam failure recovery reauest is received 

and PRACH oreamble and/or PRACH resources assigned to LIE 

♦ 
Transmit the PDCCH addressed to C-RNTI 

lof LIE which has sent beam recovery reauestl 
from the serving cell from which beam failure recovery is received 

♦ 
END 
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[Fig. 4a] 

START 

Receive the PRACH preambles and/or PRACH resources 
for serving celllsl for beam recovery from gNB 

Beam Failure Recovery is initiated 

Select the candidate beam of the serving cell 
for which beam failure recovery is initiated 

5/27 

410a 

430a 

Select the PRACH preamble and PRACH resource for 
beam recovery reauest transmission corresponding to 440a 

the selected candidate beam from the PRACH 
preambles and PRACH resources of the 

serving cell for which beam failure recovery is initiated 

Transmit PRACH preamble for Beam Failure 450a 
Recovery Reauest on the serving cell for 
which beam failure recovery is initiated 

start the bfr-ResponseWindow and monitor the POCCH 
of the SoCell while bfr-ResponseWindow is running 

If POCCH addressed to C-RNTI is received from SoCell, 
Beam Failure Recovery is considered successfully 

comoleted. 

ENO 

460a 

PCT/KR2019/000220 

480a 

If POCCH addressed to C-RNTI is received from 
SoCell and P□CCH inciicates □l/UL assignment for 
SCell for which beam failure recovery is initiated, 
Beam Failure Recovery is considered successfully 

comoleted. 
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[Fig. 4b] 

START 

Assign the PRACH oreambles and/or PRACH 
resources for serving celllsl for beam recovery to LIE 

Receive the PRACH oreamble for Beam 
Failure Recovery Request on a serving cell 

6/27 

PCT/KR2019/000220 

410b 

420b 

Identify the LIE which has transmitted beam recovery 
request based on the PRACH oreamble and/or 430b 

PRACH resource in which beam failure recovery 
request is received and PRACH oreamble 
and/or PRACH resources assigned to LIE 

Transmit PDCCH addressed to C-RNTI 
lof LIE which has sent beam recovery request] 

from SoCell or Transmit PDCCH addressed to C-RNTI 
lof UE which has sent beam recovery request] 

from SoCell wherein PDCCH indicates 
Dl/UL assignment for SoCell from which 

beam failure recovery request is received 

NO 

450b 

Transmit PDCCH addressed to C-RNTI 
lof m which has sent beam recovery reauestl 

from SoCell where in PDCCH indicates 
DL/UL assignment for SCell from which beam failure 

recovery request is received 

Note: 
SoCell li.e. PCell if the serving cell from which beam 

recovery request is received belongs to MCG or 
PSCell if the serving cell from which the beam 
recovery request is received belongs to SCGl 
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[Fig. 6a] 

START 

Receive the PRACH preambles and/or PRACH resources 
for serving celllsl for beam recovery from gNB 

Beam Failure Recovery is initiated 

Select the candidate beam of the serving cell 
for which beam failure recovery is initiated 

Select the PRACH preamble and PRACH resource for 
beam recovery reauest transmission corresponding to 

the selected candidate beam from the PRACH 
preambles and PRACH resources of the 

serving cell for which beam failure recovery is initiated 

Transmit PRACH preamble for Beam Failure 
Recovery Reauest on the serving cell for 
which beam failure recovery is initiated 

start the bfr-ResponseWindow and monitor the P□CCH 
of the SoCell while bfr-ResoonseWindow is running 

8/27 

PCT/KR2019/000220 

610a 

630a 

640a 

650a 

660a 

NO 

680a 

If P□CCH addressed to C-RNTI is received from SoCell, If POCCH addressed to C-RNTI is received and the received 
Beam Failure Recovery is considered successfully comoletM. TB is successfully decoded and beam failure 

EN□ 

recovery response MAC CE including the SCell index of 
SCell for which beam recovery reauest was transmitted is 

received, Beam Failure Recovery is considered 
successfully completed. 
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[Fig. 6b] 

START 

Assign the PRACH oreambles and/or PRACH 
resources for serving celllsl for beam recovery to m 

Receive the PRACH oreamble for Beam 
Failure Recovery Reauest on a serving cell 

9/27 

PCT/KR2019/000220 

610b 

620b 

Identify the UE which has transmitted beam recovery 
reauest based on the PRACH oreamble and/or 630b 

PRACH resource in which beam failure recovery 
reauest is received and PRACH oreamble 
and/or PRACH resources assigned to UE 

Transmit PDCCH addressed to C-RNTI 
lof LIE which has sent beam recovery reauestl from SoCell 

Alt: Transmit PDCCH addressed to C-RNTI 
lof LIE which has sent beam recovery reauestl from 

soce11 wherein PDCCH indicates Dl/Lil assignment for 
SoCell from which beam failure recovery reauest is received 

Alt: Transmit PDCCH addressed to C-RNTI 
lof LIE which has sent beam recovery reauestl from 

SoCell lor any cell of its cm wherein PDCCH indicates 
Dl assignment and TB indicated by Dl assignment includes 
beam failure recovery resoonse MAC CE including the Cell 

index of Cell for which beam recovery reauest was received 

NO 

650b 

Transmit PDCCH addressed to C-RNTI 
lof LIE which has sent beam recovery reauestl 

from socen !or any cell of its cm wherein PDCCH 
indicates Dl assignment and TB indicated by 

OL assignment includes beam failure recovery 
resoonse MAC CE including the seen index of seen for 

which beam recovery reauest was received 
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[Fig. 8] 

START 

Beam Failure Recovery is initiated 

Select the candidate beam of the serving cell 
for which beam failure recovery is initiated 

Initiate Random Access Procedure on 
SpCell for Beam Recovery 

11/27 

810 

820 

NO 

PCT/KR2019/000220 

850 

Transmit Beam Failure Recovery Reauest !MAC CEI to 
gNB wherein the MAC CE includes the SCell index Of 

the SCell for which beam failure recovery is initiated 
and MAC CE also includes one or more CSI-RS ID 

or SSB ID Of selected SSB or CSI-RS. 

860 

start the bfr-ResponseWindow and 
monitor for Beam Failure Recovery Response 

while bfr-ResponseWindow is running 

870 

If the LIE receives the beam failure recovery response 
MAC CE including the SCell Index Of SCell for Which 

beam recovery reauest was transmitted while 
bfr-ResoonseWindow is running, Beam Failure 

Recovery is considered successfully completed 

END 
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[Fig. 12a] 

START 

Receive the PRACH preambles and/or 121 Oa 
PRACH resources for beam recovery from GNB. 

These are mapped to beams of SpCell as well as SCell 

Beam Failure Recovery is initiated 

Select the candidate beam of the serving cell 
for which beam failure recovery is initiated 

1220a 

1230a 

Select the PRACH preamble and PRACH resource for 1240a 
beam recovery reauest transmission corresponding to 

the selected candidate beam of a serving cell from 
the PRACH preambles and PRACH resources of the SpCell 

Transmit PRACH preamble for Beam 
Failure Recovery Reauest to SpCell 

start the bfr-ResponseWindow and monitor the PDCCH 
of the SpCell while bfr-ResponseWindow is running 

If PDCCH addressed to C-RNTI is received from SpCell, 
Beam Failure Recovery is considered successfully completed. 

1250a 

1260a 

NO 

12aoa 

If PDCCH addressed to C-RNTI is received and the received 
TB is successfully decoded and beam failure recovery 
response MAC c~ including the SCell index of SCell for 

which beam recovery reauest was transmitted is received, 
Beam Failure Recovery is considered successfully 

completed. 

END 
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[Fig. 12b] 

START 

Assign the PRACH preambles and/or PRACH resources 121 Ob 
for beam recovery to LIE. These are 

mapped to beams of SpCell as well as SCell 

Receive the PRACH preamble for Beam 
Failure Recovery Reauest on SpCell 

Identify the LIE which has transmitted beam recovery 

1220b 

reauest and identify the cell for which beam recovery 1230b 
reauest is received, based on the PRACH preamble 

and/or PRACH resource in which beam failure recovery 
reauest is received and PRACH preamble 
and/or PRACH resources assigned to LIE 

Transmit PDCCH addressed to C-RNTI 
lof UE which has sent beam recovery reauestl from SoCell 

Alt: Transmit PDCCH addressed to C-RNTI 
lof LIE which has sent beam recovery reauestl from 

soce11 wherein PDCCH indicates Dl/Lil assignment for 
SpCell from which beam failure recovery reauest is received 

Alt: Transmit PDCCH addressed to C-RNTI 
!of LIE which has sent beam recovery reauestl from 

SoCell lor any cell of its cm wherein PDCCH indicates 
Ol assignment and TB indicated by Dl assignment includes 
beam failure recovery response MAC CE including the Cell 

index of Cell for which beam recovery reauest was received 

NO 

1250b 

Transmit PDCCH addressed to C-RNTI 
lof LIE which has sent beam recovery reauestl from SoCell 

lor any cell of its CGI wherein PDCCH indicates Dl assignment 
and TB indicated by Dl assignment includes beam failure 
recovery response MAC CE including the SCell index of 
SCell for which beam recovery reauest was received 

Or 
Transmit PDCCH addressed to C-RNTI [Of LIE Which has sent 
beam recovery reauestl from SpCell lor any cell of its cm 

wherein PDCCH indicates Dl/Lil assignment of 
SCell for which beam recovery reauest was received 

END 
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[Fig. 16a] 

( START ) 
♦ 

Receive the PRACH preambles and/or PRACH resources for beam recovery 
16 

µ 
10a 

from GNB. These are mapped to beams of SpCell as well as SCell. 

♦ 16 20a 
Beam Failure Recovery is initiated 

♦ 
Select the candidate beam of the serving cell 

16 
I,--/ 

30a 

for which beam failure recovery is initiated 

♦ 
Select the PRACH preamble and PRACH resource for beam 16 

recovery reauest transmission corresponding to the selected µ 
40a 

candidate beam of a serving cell from the 
PRACH preambles and PRACH resources of the SpCell 

♦ 16 50a 
Transmit PRACH preamble for Beam Failure Recovery Reauest to seen 

µ 

♦ 
start the bfr-ResponseWindow and monitor 

16 
I,--/ 

60a 

the PDCCH of the SpCell while bfr-ResponseWindow is running 

♦ 
If PDCCH addressed to C-RNTI is received from SpCell, 

Beam Failure Recovery is considered successfully completed. 
16 70a 

Alt: If PDCCH addressed to C-RNTI is received and the received TB is l,--J 

successfully decoded and beam failure recovery response MAC CE including the 
Cell index of SpCell for which beam recovery reauest was transmitted is 
received, Beam Failure Recovery is considered successfully completed. 

+ 
C END ) 
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[Fig. 16b] 

( START ) 
♦ 

Assign the PRACH preambles and/or PRACH resources for beam recovery to LIE. 
These are mapped to beams of SpCell as well as SCell 

t 
Receive the PRACH preamble for Beam Failure Recovery Reauest on SCell 

♦ 
Identify the LIE which has transmitted beam recovery reauest and identify the 

cell for which beam recovery reauest is received, based on the PRACH 
preamble and/or PRACH resource in which beam failure recovery reauest is 

received and PRACH preamble and/or PRACH resources assigned to LIE 

♦ 
Transmit PDCCH addressed to C-RNTI 

lof LIE which has sent beam recovery reauestl from SpCell 

Alt: Transmit PDCCH addressed to C-RNTI !Of LIE Which has sent beam 
recovery reauestl from SpCell wherein PDCCH indicates 

DL/LIL assignment for SpCell from which 
beam failure recovery reauest is received 

+ 
END ) 

[Fig. 17] 
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[Fig. 18] 

PDCCH decoded: 
Inactivity Timer 

lre-lstarted 

·~ 

22/27 

Inactivity Timer 
exoired 

Inactivity Timer is 
running 

On Duration 
Timer is running 

- -
Active Time 

□RX Cycle Length 

[Fig. 19a] 

BF Recovery 
Reauest TX 

X 

Active Time 
IPDCCH Monitoring] 

[Fig. 19b] 

BF Recovery 
Reauest TX 

Active Time 
IPDCCH Monitoring] 
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No PDCCH monitoring 

□RX Cycle Length 

Resoonse can't be 
TX/RX by gNB/UE 

No PDCCH monitoring 

□RX Cycle Length 
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[Fig. 20a] 

BF Recovery 
Reauest TX 
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IPDCCH Monitoring) 

[Fig. 20b] 

BF Recovery 
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IPDCCH Monitoring) 
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[Fig. 21] 

START 

□RX is configured 

OnDurationTimer 
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Or drx-RetransmissionTimerLil 
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END 
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[Fig. 22] 

START 

□RX is configured 

On□urationTimer 
or drx-1nactivi1YTimer 

Or drx-RetransmissionTimer□L 
Or drx-RetransmissionTimerUL 

Or ra-ContentionResolutionTimer 
is running? 

P□CCH indicati 
ransmission addresse 
f the MAC entity has 
d after successful re 

a RAR for CF R 

LIE need not monitor P□CCH 

END 

25/27 

YES 

YES 

YES 

YES 

PCT/KR2019/000220 

2250 

Perform the ooeration defined for 
'Active Time' i.e. LIE shall monitor P□CCH 



WO 2019/135654 

[Fig. 23] 

[Fig. 24] 
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[Fig. 25] 
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