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SPECIFICATION 

Title of Invention 

Method and apparatus for overload control and failure handling in NR-U 

Technical field 

[0001] 

The present invention proposes a method and apparatus for terminal overload control and 
failure handling for a next-generation/5G wireless access network configured over an 
unlicensed band (hereinafter in the present invention referred to as NR-U [New Radio based 
Access to Unlicensed spectrum]). 

Summary of Invention 

Means of Solving the Problem 

[0002] 

One embodiment of the present invention proposes a method of transmitting uplink data by a 
terminal, the method comprising a step of detecting an LBT failure and a step of initiating a 
preset procedure based on the result of the LBT failure detection, and an apparatus therefor. 

Brief Description of the Drawings 

[0003] 

FIG. 1 is a drawing that shows a configuration of a base station according to another 
embodiment. 

FIG. 2 is a drawing that shows a configuration of a user terminal according to a further 
embodiment. 

Specific Modes of Implementing the Invention  
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[0004] 

Below, some embodiments of the present invention will be described in detail with reference 
to illustrative drawings. In assigning reference numerals to the component in each drawing, 
the same component is assigned the same numeral to the extent possible, even if they are 
shown in different drawings. In addition, in describing the present invention, a specific 
description of a relevant known configuration or feature is omitted if it is determined that 
such a detailed description would obscure the essence of the present invention. 

[0005] 

As used in the present specification, "wireless communication system" refers to a system for 
providing various communication services such as voice, packet data, and the like. The 
wireless communication system comprises a terminal (user equipment, UE) and a base station 
(BS). 

[0006] 

"User terminal" is a generic term for terminals in wireless communications and should be 
interpreted to include not only user equipment (UE) in WCDMA, LTE, HSPA, and IMT-2020 
(5G or New Radio) but also mobile station (MS), user terminal (UT), subscriber station (SS), 
wireless device, and the like in GSM. 

[0007] 

"Base station" or "cell" refers generally to a station that communicates with a user terminal 
and encompasses diverse coverage regions such as a Node-B, eNB (evolved Node-B), gNB 
(gNode-B), low power node (LPN), sector, site, various types of antenna, base transceiver 
system (BTS), access point, points (for example, transmission point, reception point, 
transmission/reception point), relay node, mega cell, macro cell, micro cell, pico cell, femto  
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cell, remote radio head (RRH), radio unit (RU), small cell, or the like. 

[0008] 

In the various kinds of cells listed above, there is a base station that controls each cell; thus, 
"base station" can be interpreted in two ways. 1) it can be a device itself that provides a mega 
cell, macro cell, micro cell, pico cell, femto cell, or small cell with respect to a wireless area; 
or 2) it can indicate the wireless area itself. In case 1), either the devices that provide a given 
wireless area are controlled by the same entity, or all devices that interact to collaboratively 
constitute the wireless area are indicated as the "base station." Depending on how the 
wireless area is constituted, a point, a transmission/reception point, a transmission point, a 
reception point, etc., is an embodiment of the base station. In case 2), the wireless area itself, 
which receives or transmits signals from the perspective of a user terminal or from the 
perspective of a neighboring base station, can also be indicated by the base station. 

[0009] 

In the present specification, "cell" can refer to a component carrier that has coverage of a 
signal transmitted from a transmission point or a transmission/reception point, or it can refer 
to the transmission/reception point itself. 

[0010] 

As used in the present specification, "user terminal" and "base station" are used as generic 
terms to refer to any two (uplink or downlink) transmitting/receiving entities that are used to 
implement the technology or technical concepts described in the present invention and are not 
limited by the term or word they are specifically called by.  
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[0011] 

Herein, "uplink (UL)" refers to a method by which a user terminal transmits and receives data 
via a base station; "downlink (DL)" refers to a method by which a base station transmits and 
receives data via a user terminal. 

[0012] 

For the uplink transmission and the downlink transmission, a time division duplex (TDD) 
method can be used, in which these transmissions are transmitted using different times; in 
addition, a frequency division duplex (FDD) method, in which the uplink and downlink 
transmissions are transmitted using different frequencies, can be used; alternatively, a 
combination of TDD and FDD can be used. 

[0013] 

In addition, in a wireless communication system, a specification is configured by configuring 
the uplink and the downlink based on a single carrier or on a pair of carriers. 

[0014] 

In the uplink and the downlink, control information is transmitted over a control channel such 
as a PDCCH (Physical Downlink Control Channel), a PUCCH (Physical Uplink Control 
Channel), or the like; and data is transmitted by configuring a data channel such as a PDSCH 
(Physical Downlink Shared Channel), a PUSCH (Physical Uplink Shared Channel), or the 
like. 

[0015] 

"Downlink" can refer to a communication or communication path from multiple 
transmission/reception points to the terminal; "uplink" can refer to a communication or 
communication path from the terminal to multiple transmission/reception points. In this case, 
in a downlink, a transmitter can be a portion of the multiple transmission/reception points, 
and a receiver can be part of the terminal. In addition, in an uplink, a transmitter can be part 
of the terminal, and a receiver can be a portion of the multiple transmission/reception points. 
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[0016] 

Below, a situation in which a signal is transmitted/received via a channel such as PUCCH, 
PUSCH, PDCCH, and PDSCH is sometimes referred to as "transmitting and receiving 
PUCCH, PUSCH, PDCCH, and PDSCH." 

[0017] 

The upper layer signaling (High Layer Signaling) described below encompasses RRC 
signaling, in which RRC information is transmitted that comprises an RRC parameter. 

[0018] 

The base station carries out downlink transmission to the terminals. The base station can 
transmit a physical downlink control channel for transmitting: downlink control information 
such as scheduling required for receiving on a downlink data channel, which is the main 
physical channel for unicast transmission; and scheduling approval information for 
transmission on an uplink data channel. Below, the transmission and reception of signals over 
each channel will be described as the channel being transmitted and received. 

[0019] 

There are no limits on the multiple access techniques used in the wireless communication 
system. Various multiple access techniques can be used such as Time Division Multiple 
Access (TDMA), Frequency Division Multiple Access (FDMA), Code Division Multiple 
Access (CDMA), Orthogonal Frequency Division Multiple Access (OFDMA), Non-
Orthogonal Multiple Access (NOMA), OFDM-TDMA, OFDM-FDMA, OFDM-CDMA, and 
the like. Here, NOMA encompasses sparse code multiple access (SCMA), low density 
spreading (LDS), and the like.  



2018-08-30 

32-8 

[0020] 

An embodiment of the present invention can be applied to resource allocation in the field of 
asynchronous wireless communication, which has evolved via GSM, WCDMA and HSPA 
into LTE/LTE-advanced and IMT-2020, and in the field of synchronous wireless 
communications, which has evolved into CDMA, CDMA-2000, and UMB. 

[0021] 

In the present specification, "machine type communication (MTC) terminal" may refer to a 
terminal that supports low cost (or low complexity), a terminal that supports coverage 
enhancement, or the like. Alternatively, in the present specification, "MTC terminal" may 
refer to a terminal defined as belonging to a particular category that supports low cost (or low 
complexity) and/or coverage enhancement. 

[0022] 

In other words, in the present specification, "MTC terminal" may refer to a newly defined 
3GPP Release-13 low cost (or low complexity) UE category/type that carries out LTE-based 
MTC-related operations. Alternatively, in the present specification, "MTC terminal" may 
refer to an existing 3GPP Release-12 or earlier defined UE category/type, or a newly defined 
Release-13 low cost (or low complexity) UE category/type that supports enhanced coverage, 
compared to existing LTE coverage, and/or supports low power consumption. Alternatively, it 
may also refer to a Further Enhanced MTC terminal as defined in Release-14. 

[0023] 

In the present specification, "NarrowBand Internet of Things (NB-IoT) terminal" refers to a 
terminal that supports wireless access for cellular IoT. The objectives of NB-IoT technology 
include improved indoor coverage, support for large-scale low-speed devices, low latency 
sensitivity, ultra-low terminal cost, low power consumption, and optimized network 
architecture. 

[0024] 

Enhanced Mobile BroadBand (eMBB), massive Machine Type Communication (mMTC),  
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and Ultra Reliable and Low Latency Communication (URLLC) have been raised as 
representative usage scenarios for New Radio (NR), which is currently under discussion in 
the 3GPP. 

[0025] 

As used in the present specification in connection with New Radio (NR), the terms 
"frequency," "frame," "subframe," "resource," "resource block," "region," "band," "subband," 
"control channel," "data channel," "synchronization signal," "various types of reference 
signal," "various types of signal," or "various types of message" can be interpreted as having 
a meaning used in the past or present, or as having various meanings used in the future. 

[0026] 

Below, the present specification describes a technical concept based on two nodes: a terminal 
and a base station; however, this is solely for ease of understanding, and the same technical 
concept can also be applied between the terminal and the base station. For example, the base 
station described below is described for purposes of illustration as a single node that carries 
out communication with the terminal; it can be replaced by other terminals, infrastructure 
devices, or the like that carry out communication with the terminal as needed. 

[0027] 

In other words, the present technical concept can be applied not only to communication 
between a terminal and a base station, but also to device-to-device communication, side-link 
communication (Sidelink), vehicle communication (V2X), and the like. In particular, it can 
also be applied to terminal-to-terminal communication in a next-generation wireless access 
technology; in the present specification, terms such as "signal" and "channel" can be applied 
to various modifications according to the type of terminal-to-terminal communication. 
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[0028] 

For example, in terminal-to-terminal communication, the terms "PSS" and "SSS" can 
respectively be applied in modified form as "Primary D2D Synchronization Signal (PSSS)" 
and "Secondary D2D Synchronization Signal (SSSS)," respectively. In addition, a channel 
that transmits broadcast information, such as the above-described PBCH, can be changed to 
PSBCH and applied; a channel that transmits data on a sidelink, such as PUSCH and 
PDSCH, can be changed to PSSCH and applied; and a channel that transmits control 
information, such as PDCCH and PUCCH, can be changed to PSCCH and applied. A 
discovery signal is required in terminal-to-terminal communication and is 
transmitted/received over the PSDCH. However, there is no limitation to these terms. 

[0029] 

Below, in the present specification, the technical concept is illustratively described by 
describing communication between a terminal and a base station; as needed, however, the 
technical concept can also be applied to another terminal in place of the base station node. 

[0030] 

New Radio (NR) 

[0031] 

NR, which is a next-generation wireless communication technology currently being 
developed in the 3GPP, is a wireless access technology that provides an improved data 
transmission rate compared to LTE and can also meet various QoS requirements for 
segmented and specific usage scenarios. In particular, enhancement Mobile BroadBand 
(eMBB), massive MTC (mMTC), and Ultra Reliable and Low Latency Communications 
(URLLC) have been defined as representative usage scenarios of NR; a more flexible frame 
structure than LTE is provided as a way of meeting requirements for each respective usage 
scenario. Because the requirements of each respective usage scenario differ in terms of data 
rate, latency, reliability, coverage, and the like, this method has been designed to efficiently 
multiplex radio resource   
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units based on different numerologies (e.g., subcarrier spacing, subframe, TTI, etc.), in order 
to efficiently meet the requirements of each respective usage scenario over the frequency 
bands that make up an arbitrary NR system. 

[0032] 

As a method for accomplishing this, there has been discussion of methods for supporting 
numerologies having different subcarrier spacing values, by multiplexing on a TDM, FDM or 
TDM/FDM basis over one or more NR component carrier(s), and proposals for supporting 
one or more time units in constituting scheduling units in the time domain. In this connection, 
in NR, a subframe has been defined as a kind of time domain structure, and the reference 
numerology for defining the corresponding subframe duration is configured as the same 
single subframe duration made up of 14 OFDM symbols of normal CP overhead based on 15 
kHz Sub-Carrier Spacing (SCS) as in LTE. Thus, in NR, a subframe has a time duration of 1 
ms. However, in contrast to LTE, in NR, a subframe is an absolute reference time duration, 
and slots and mini-slots can be defined as the time units on which actual uplink/downlink 
data scheduling is based. In this case, irrespective of the SCS value, the y value, which is the 
number of OFDM symbols that make up a given slot, was decided to have value y=14 for 
normal CP. 

[0033] 

Consequently, any arbitrary slot is made up of 14 symbols; in addition, depending on the 
transmission direction of the slot, the symbols can all be used for DL transmission, or the 
symbols can all be used for UL transmission; or they can be used as DL portion + (gap) + UL 
portion.  
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[0034] 

In addition, in any numerology (or SCS), a mini-slot consisting of fewer symbols than the 
above slots can be defined and on that basis, a brief time-domain scheduling interval can be 
set for sending or receiving uplink/downlink data, or a long time-domain scheduling interval 
can be configured via slot aggregation for sending/receiving uplink/downlink data. In 
particular, for transmission and reception of latency critical data such as URLLC, it can be 
difficult to meet latency requirements if scheduling is done in slot units based on 1 ms (14 
symbols) as defined in a frame structure based on a numerology with a small SCS value such 
as 15kHz; accordingly, a mini-slot consisting of a smaller number of OFDM symbols than the 
slot can be defined, and based on that mini-slot, scheduling for latency critical data such as 
URLLC can be defined. 

[0035] 

Alternatively, as described above, consideration is also being given to a proposal to support 
numerologies having different SCS values within a single NR Carrier by multiplexing by a 
TDM and/or FDM method so that data can be scheduled according to a latency requirement 
based on the slot (or mini-slot) length that is defined for each respective numerology. For 
example, as shown in FIG. 1 below, if the SCS is 60 kHz, the symbol length is reduced by 
about 1/4 compared to a 15-kHz SCS; in the same way, if a slot is made up of 14 OFDM 
symbols, the corresponding 15 kHz-based slot length would be 1 ms, and the 60 kHz-based 
slot length would be reduced to about 0.25 ms. 

[0036] 

NR-U  
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[0037] 

Unlike licensed bands, unlicensed bands are not radio channels that can be used by an 
exclusively particular operator; instead, they can be used by any arbitrary operator or 
individual to provide wireless communication services within the scope permitted by the 
regulations of each respective country. Consequently, when providing NR service over an 
unlicensed band, it is necessary to resolve problems of coexistence with various short-range 
wireless communication protocols such as Wi-Fi, Bluetooth, NFC, and the like, that are 
already provided over that unlicensed band, and problems of coexistence among respective 
NR operators or LTE operators. Accordingly, when providing an NR service over an 
unlicensed band, in order to avoid interference or collision between respective wireless 
communication services, it is necessary to support a radio channel access method based on 
Listen Before Talk (LBT), in which before emitting a radio signal, it is determined whether 
the radio channel or carrier to be used is available by sensing the power level of the radio 
channel or carrier. In this case, because it is possible that providing NR services over the band 
will be restricted if a particular radio channel or carrier in an unlicensed band is being used 
by another wireless communication protocol or another operator, it is difficult to guarantee 
the QoS required by users for a wireless communication service over an unlicensed band, in 
contrast to a wireless communication service over a licensed band. In particular, in the case of 
NR-U, it is possible to support a standalone scenario in which a PCell is used in an 
unlicensed band, in contrast to conventional LTE LAA technology in which an unlicensed 
band is used over an SCell. In this case, there is a problem that a service interruption can 
occur if there is a problem with the cell. Consequently, there is a problem that it is difficult to 
meet adequate QoS for an NR service. 

[0038]  
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[0039] 

In conventional LTE LAA technology, there was no method by which a base station could 
explicitly distinguish between a data transmission failure caused by LBT failure and a data 
transmission failure caused by radio channel deterioration during uplink data transmission. 

[0040] 

Accordingly, in the present invention, a method is disclosed by which a terminal collects 
relevant information and notifies the base station thereof, so that the base station is able to 
distinguish between different causes of data transmission failure. 

[0041] 

By means of the method described in the present invention, a method is provided by which a 
terminal can reduce service interruptions when frequent LBT failures occur for a base station 
and cause data transmission to be difficult. Moreover, by explicitly indicating whether the 
cause of an uplink data transmission failure of the terminal was due to LBT failure or due to 
deterioration of the radio environment, the method makes it possible to control data 
transmission accordingly, so as to be more stable, by allocating to the terminal radio 
resources that have a higher probability of LBT success in a subsequent uplink data 
transmission or retransmission. 

[0042] 

In conventional LTE LAA technology, there was no functionality by which to transmit 
relevant information to the base station so that it could distinguish between a data 
transmission failure during uplink data transmission that was caused by LBT failure and one 
that was caused by radio channel deterioration. 

[0043] 

The present invention has been devised to solve the above-mentioned problems, and has the 
object of providing a method and apparatus for reducing service interruptions in NR-U. 

[0044]  
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[0045] 

For convenience of explanation, the present invention is described below in terms of NR. But 
this is done for illustrative purposes only; the present invention can also be applied to cases of 
using an unlicensed band in LTE or in any other radio access technology, and such cases are 
also included in the scope of the present invention. When the present invention is used in an 
unlicensed band, it can be used in one or more of the following unlicensed band 
implementation environments. 

[0046] 

NR-U LAA： NR-U in "license assisted access" mode where primary cell is NR licensed 

[0047] 

NR-U SA: NR-U stand-alone mode 

[0048] 

ENU-DC: EN-DC where SN (Secondary Node) is NR-U 

[0049] 

NNU-DC: DC between NR licensed (MN: Master Node) and NR-U (SN) 

[0050] 

In the NR-U SA scenario described above, an unlicensed band can be used in a PCell. In 
ENU-DC or NNU-DC, an unlicensed band can be used in a PSCell. 

[0051] 

The embodiments described in the present invention can include the content of the 
information elements and procedures set forth in TS 38.331, which is the NR RRC 
specification. Even if the present specification does not include information about a definition 
of such an information element and a related procedure, the corresponding content specified 
in the standard can be used in connection with the present invention or used as a claim. 

[0052] 

In conventional NR technology, a radio link failure of an RRC-connected terminal is detected 
in a situation such as the following.  
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[0053] 

If N310 consecutive out of sync (OOS) messages are received from the physical layer for a 
PCell, the terminal starts the T310 timer. If, while the T310 is running, N311 consecutive in 
sync (IS) messages are received from the physical layer for that PCell, then the terminal stops 
the T310 timer for that PCell. 

[0054] 

Upon expiration of the T310 timer, or if a random access problem is indicated by the MCG 
MAC, or if it is indicated by the MCG RLC that the maximum number of retransmissions has 
been reached, the terminal detects a radio link failure in the MCG. 

[0055] 

In addition, it enters an RRC IDLE state if AS security has not been activated. Otherwise, it 
initiates a connection re-establishment procedure. 

[0056] 

As described above, because of the need to support LBT, in NR-U it can be difficult to ensure 
access to a radio channel, and therefore it can be difficult for data transmission and reception 
to meet a certain QoS level. In particular, if unlicensed band cells are congested, LBT failures 
can also increase. In this case, a radio link failure can also occur with a delay. Alternatively, 
radio link failure detection can be delayed if the PCell radio quality of the connected terminal 
is greatly deteriorated. 

[0057] 

For example, if the base station does not transmit an RLM RS caused by consecutive LBT 
failures, and the terminal does not consider this as an OOS, then the LBT failures can 
significantly delay detection of the radio link failure. By way of another example, if the base 
station does not transmit the RLM RS as a result of consecutive LBT failures, and if the 
terminal considers this as an OOS, then the terminal can start the T310 timer; however, if the 
base station   
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succeeds in LBT on rare occasions thereafter, and if the base station transmits the RLM RS 
and the terminal receives it, then the T310 timer stops; as a result, a situation can arise in 
which data communication is difficult because of frequent LBT failures occurring without 
falling into RLF. 

[0058] 

By way of another example, if a terminal fails to transmit an RACH preamble owing to an 
LBT failure, a base station fails to transmit an RAR owing to an LBT failure, or the terminal 
fails to transmit an MSG3 owing to an LBT failure, then it takes more time to detect that a 
random access problem has occurred; as a result, the detection of a radio link failure caused 
thereby can be delayed. 

[0059] 

By way of another example, as a result of a terminal failing to transmit uplink data because of 
an LBT failure, the time taken to reach the maximum number of retransmissions from the 
RLC can be delayed, and consequently detection of the radio link failure can be delayed. 

[0060] 

In such a case of increased load of PCells or PSCells using unlicensed bands, or high 
interference, frequent LBT failures can occur, which can increase service interruption time as 
a result of delaying the time of detection of a radio link failure when radio network quality is 
poor. If LBT failures occur frequently while the terminal's radio quality is in a deteriorated 
state, then the time for the terminal to detect a radio link failure can be delayed, which can 
increase service interruption time. 

[0061] 

Below, a proposal for solving this problem is described. The content of each embodiment 
described below can be selected arbitrarily and can be practiced individually or in 
combination.  
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[0062] 

1. Trigger via LBT failure detection exceeding an indicated threshold value, or the like 

[0063] 

By way of one example, the terminal can initiate the procedure upon detecting LBT failures 
that exceed a threshold indicated for an uplink transmission attempt. For example, LBT 
failures exceeding the indicated threshold value can be detected in one or more of the 
following situations: RACH preamble transmission, MSG 3 transmission, measurement 
report transmission, RRC connection reconfiguration complete message transmission, post-
handover RRC connection reconfiguration complete message transmission, SR transmission, 
BSR transmission, or in the case of any arbitrary uplink transmission attempt. The physical 
layer of the terminal can detect whether there has been a failure to carry out LBT in 
transmitting the uplink transmission block and can indicate to the upper layer that LBT 
failures have occurred that exceed the indicated threshold value. 

[0064] 

If the terminal detects base station LBT failures exceeding the indicated threshold value, then 
the terminal can initiate a procedure to address the failure. The procedure can be a procedure 
according to the present invention or an existing 3GPP procedure. 

[0065] 

By way of another example, the terminal can detect a downlink LBT failure and use it to 
initiate the procedure. In NR, an RRC-connected terminal can be configured with a plurality 
of configurable reference signals that are used for RLM. An SSB and a CSI-RS can be used 
as an RLM RS. In NR-U, the RLM RS can be different from what it is in NR. For example, 
the RS structure can vary, as in the case of DRS being defined in the Rel-13 LAA so as to 
reduce the number of contentions for the medium. However, even if the RLM RS structure is 
different in NR-U, LBT must be carried out in order to transmit the RLM RS in NR-U. If the 
base station indicates the transmission occasion/window/resource of RLM RS for the 
terminal, then the terminal (the physical layer of the terminal) can estimate an LBT failure of  



2018-08-30 

32-19 

the base station by conducting RRM measurement/RLM on the transmission 
occasion/window/resource. Because an LBT failure does not indicate a BLER level that will 
cause a radio link failure, it is not necessary to indicate the LBT failure as OOS; however, as 
described above, excessive LBT failures can delay radio link failures or can delay data 
transmission. 

[0066] 

Accordingly, if an RRC connected terminal detects LBT failures that exceed an arbitrary 
threshold value indicated by the base station, then the terminal can initiate a procedure to 
resolve this issue. This procedure trigger condition can also be provided by detecting, during 
a particular time interval indicated by the base station, LBT failures or an LBT failure rate 
that exceed an arbitrary threshold value. And/or such a trigger condition can be provided by 
detecting channel occupancy that exceeds an arbitrary threshold value indicated by the base 
station, or by detecting channel occupancy that exceeds an arbitrary threshold value during a 
particular time interval indicated by the base station. And/or such a procedure trigger 
condition can be provided by detecting RSSI that exceeds an arbitrary threshold indicated by 
the base station, or by detecting RSSI that exceeds an arbitrary threshold value during a 
particular time interval indicated by the base station. 

[0067] 

By way of another example, a base station can indicate identifying information to a terminal 
by which it can distinguish and identify a BWP/subband that belongs to a serving cell that is 
allocated to the terminal. The base station can also cause the terminal to monitor LBT failures 
and classify them by the relevant BWP/subband. The base station can cause the terminal to 
include the classification information for each BWP/subband when the terminal reports the 
information to the base station.  
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[0068] 

By way of another example, a base station can indicate information to a terminal for 
measuring CO and/or RSSI separately for each BWP/subband that belongs to a serving cell 
allocated to the terminal. The terminal can also be caused to measure the CO and/or RSSI 
separately for each relevant BWP/subband. The terminal can be caused to include the 
distinguishing information for each BWP/subband when it reports the information to the base 
station. 

[0069] 

2. Detection of LBT failures via counter and/or timer operation 

[0070] 

By way of another example, the terminal can manage a particular counter as a variable so as 
to detect a radio link failure caused by LBT or so as to limit service interruption time caused 
by LBT failure. 

[0071] 

The counter is set to 1 when initiating the relevant procedure. By way of one example, the 
counter is set to 1 upon a new uplink transmission attempt. By way of another example, the 
counter is set to 1 upon receiving an indication by the upper layer. 

[0072] 

The terminal (the physical layer of the terminal) increments the counter by 1 when it detects 
an LBT failure. 

[0073] 

If the counter value reaches a threshold value indicated by the base station, then the terminal 
(the physical layer of the terminal) can indicate this to the upper layer (the MAC or RRC). 

[0074] 

The terminal can consider that a radio link failure caused by LBT failure has been detected. 
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[0075] 

By way of another example, the terminal can manage a particular timer so as to detect a radio 
link failure caused by LBT or so as to limit service interruption time caused by LBT failure. 

[0076] 

The timer is started when a relevant procedure is initiated. For example, the timer is started 
upon a new uplink transmission attempt. By way of another example, the timer is started 
following initiation of an upper layer (MAC or RRC) procedure. 

[0077] 

The terminal (the upper layer of the terminal (MAC or RRC)) instructs the terminal's physical 
layer to detect/check/monitor for LBT failures. 

[0078] 

If the terminal (the physical layer of the terminal) detects an LBT success (successful data 
transmission or reception) (or detects continuous or at least a certain ratio of LBT successes), 
then it indicates this to the upper layer of the terminal. The upper layer of the terminal stops 
the timer. 

[0079] 

If the terminal (the physical layer of the terminal) detects an LBT failure (or detects 
continuous or at least a certain ratio of LBT successes), then the timer continues to run. 
Alternatively, it instructs the timer to be restarted via the upper layer. 

[0080] 

If the timer expires, then the terminal can consider that a radio link failure caused by LBT 
failure has been detected. 

[0081] 

By way of another example, the terminal can manage a particular ratio as a variable so as to 
detect a radio link failure caused by LBT or so as to limit service interruption time caused by 
LBT failure.  
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[0082] 

When a relevant procedure is initiated, the ratio is set to an initial value (for example, 0). By 
way of one example, the ratio is set to the initial value upon a new uplink transmission 
attempt. By way of another example, the ratio is set to an initial value when an indication 
from the upper layer is received. 

[0083] 

The terminal (the physical layer of the terminal) calculates the failure rate by 
checking/monitoring for LBT failures. 

[0084] 

If the ratio reaches a threshold value indicated by the base station, then the terminal (the 
physical layer of the terminal) can indicate this to the upper layer (the MAC or RRC). 

[0085] 

The terminal can consider that a radio link failure caused by LBT failure has been detected. 

[0086] 

3. Indication to base station or initiation of RRC re-establishment when an indicated counter 
and/or timer expires 

[0087] 

By way of another example, if the above-mentioned counter reaches a threshold value 
indicated by the base station, the above-mentioned timer expires, or the above-mentioned 
ratio reaches the threshold value indicated by the base station, then the terminal can indicate 
LBT failure-related information to the base station. And/or a procedure to resolve this can be 
initiated. As described above, the terminal can take into account both a CO above the 
threshold value and/or an RSSI above the threshold value, and can also initiate a procedure to 
resolve this. 

[0088] 

By way of one example, a terminal using a PSCell of an SCG over an unlicensed band can 
transmit SCG LBT failure-related information to the base station over an MCG. For example,  
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it can be transmitted via an SCG Failure Information message. 

[0089] 

By way of another example, a terminal using a PCell of an MCG over an unlicensed band can 
indicate LBT failure-related information to the base station. The information can be indicated 
over an uplink RRC message or over the MAC CE or PHY (PUCCH or PUSCH). 

[0090] 

By way of another example, a terminal using a PCell of the MCG over an unlicensed band 
can attempt to access LBT failure-related information over a subband/BWP/cell/CC other 
than the subband/BWP/cell/CC in which the LBT failure was detected. The base station can 
configure information for this purpose to be indicated in advance to the terminal via RRC 
signaling. 

[0091] 

By way of another example, a terminal using a PCell of the MCG over an unlicensed band 
can attempt to indicate LBT failure-related information to a base station over a 
subband/BWP/cell/CC other than the subband/BWP/cell/CC in which the LBT failure was 
detected. 

[0092] 

By way of another example, a condition for the relevant indication can be configured in the 
terminal so as to detect a radio link failure caused by LBT, or so as to limit service 
interruption time caused by LBT failure, or so as to indicate a reporting of the channel 
occupancy status of an unlicensed band cell. For example, the base station can configure in 
the terminal one or more pieces of information from among: a Channel Occupancy threshold 
value, an RSSI threshold value, a maximum LBT failure threshold value, a measurement 
time, a measurement period, and identifying information of a subband/BWP/cell/CC to be 
measured. If the condition is fulfilled, then the terminal can report the LBT failure-related 
information to the base station.  
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[0093] 

By way of another example, the LBT failure-related information transmitted from the 
terminal to the base station can include one or more of the following items of information: 
channel occupancy, RSSI, number of LBT failures, LBT failure rate, LBT failure duration, 
measurement time, measurement period, cause of failure owing to LBT failure, reporting 
cause, identifying information for the relevant subband/BWP/cell/CC, and CO measurement 
value/RSSI measurement value/LBT failure count/LBT failure rate for each relevant 
subband/BWP/cell/CC. 

[0094] 

4. Initiation of RRC re-establishment or the like when an indicated counter and/or timer 
expires 

[0095] 

By way of another example, the terminal can initiate an RRC connection re-
establishment/resumption. The terminal suspends all RBs except SRB0. The terminal resets 
the MAC. The terminal releases the MCG SCell. The terminal applies a default physical 
channel configuration. The terminal applies a default MAC main configuration. The terminal 
carries out cell selection. At this time, the terminal can cause cell selection to be carried out, 
excluding/prohibiting a cell in which an LBT failure occurred. 

[0096] 

The terminal sets the source PCell as the terminal identifier, sets the physical cell ID as the 
physical cell identity of the source PCell, sets the re-establishment cause as LBT failure, and 
transmits an RRC re-establishment request message to the base station. Alternatively, the 
terminal transmits an RRC resumption request message to the base station, setting the I-RNTI 
as the terminal identifier and the resumption cause as LBT failure. The terminal can be 
preconfigured with indication information instructing the terminal to carry out an RRC 
connection re-establishment/resumption using a new cell other than the source cell in which 
the terminal detected the LBT failure. The terminal can use that information to camp on the 
cell. The information can include one or more of the following items of information: a 
physical cell identifier, SSB information (for example, time-domain location of the SSB 
transmission), subcarrier spacing information, and new terminal identifier (C-RNTI) 
information.  
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[0097] 

By way of another example, the terminal carries out a handover to a new target cell. The 
terminal can complete the RRC handover procedure by synchronizing to the new target cell 
(for example by synchronizing the downlink or by carrying out a random access procedure) 
and transmitting an RRC reconfiguration complete message to the target base station. The 
handover configuration of the target cell for this purpose, and the conditions for handover to 
that target cell, can be configured in advance. The handover conditions can include the 
above-described information for detecting an LBT failure. The information for the target cell 
handover configuration can include one or more of the following items of information: a 
physical cell identifier, SSB information (for example, time-domain location of the SSB 
transmission), subcarrier spacing information, and new terminal identifier (C-RNTI) 
information. 

[0098] 

By way of another example, if the base station receives indication information from the 
terminal relating to LBT failure, then the base station can use this information to instruct the 
terminal to change the subband/BWP/cell/CC in which the LBT failure was detected. 

[0099] 

For example, when LBT failure detection is identified at the cell level, if an LBT failure is 
detected in a PCell, then the base station carries out the handover procedure. If an LBT 
failure is detected in an SCell, then the base station carries out the SCell release/change 
procedure. By way of another example, when LBT failure detection is identified at the cell 
level, if an LBT failure is detected in a PSCell, then the base station carries out the PSCell 
change / SCG change / SCG release procedure. 

[0100] 

By way of another example, if the LBT failure detection is identified at the BWP/subband 
level, the base station can carry out a BWP switching or subband change.  
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[0101] 

[0102] 

5. Scaling relevant parameters based on CO and/or RSSI 

[0103] 

In conventional LTE LAA technology that supports unlicensed bands over SCells, the 
Received Signal Strength Indicator (RSSI) and channel occupancy (CO) have been 
introduced to assist the base station in selecting an unlicensed band carrier. CO represents the 
percentage of samples having an RSSI above a configured threshold value 
(channelOccupancyThreshold) in the associated reporting configuration. 

[0104] 

If the CO is high, then there is a high likelihood that LBT failure will occur. As a result, if the 
CO is high, then the time for detection of radio link failure by the terminal can be delayed, 
increasing service interruptions. 

[0105] 

Accordingly, if the CO exceeds a particular threshold value, it can be preferable for the base 
station to change the serving cell. Alternatively, it can be preferable to change the serving 
subband/BWP. 

[0106] 

To reduce service interruption caused by delayed radio link failure detection, any parameter / 
threshold value / variable that is used in conventional radio link failure detection can be 
caused to be scaled to account for the CO or RSSI level. For example, the CO or RSSI values 
can be divided into several intervals (for example high, medium, low) and the value to be 
added to /subtracted from/multiplied by/divided by the relevant parameter can be decided for 
each interval and used to add/subtract/multiply/divide the relevant parameter. By way of 
another example, a   
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parameter value can be obtained taking the CO or RSSI value into account. By way of 
another example, the CO or RSSI value can be added to/subtracted from/multiplied 
by/divided by the relevant parameter. For example, a CO of 40 indicates that the proportion 
of the samples that have an RSSI above a threshold value is 40%. If it is sought to apply a 
threshold value that is reduced by 40% compared to the case in which the CO is 0, the 
parameter can be multiplied by (100%-40%). By way of another example, a CO of 20 
indicates that the proportion of the samples that have an RSSI above a threshold value is 
20%. If it is sought to apply a threshold value that is reduced by 20% compared to the case in 
which the CO is 0, the parameter can be multiplied by (100%-20%). 

[0107] 

This example can be applied with respect to one or more of the following parameters: the 
maximum preamble transmission value, which is used to detect problems with the random 
access procedure; the maximum retransmission threshold value, which is used to detect RLC 
problems; the threshold value for the above-described counter for detecting LBT failures; and 
the above-described timer expiration value. 

[0108] 

As described above, the present invention has the effect of making it possible for a terminal 
connected in NR-U to reduce service interruptions. 

[0109] 

FIG. 1 is a drawing that shows a configuration of a base station (1000) according to a further 
embodiment. 

[0110] 

Referring to FIG. 1, a base station (1000) according to a further embodiment comprises a 
controller (1010), a transmitter (1020), and a receiver (1030). 

[0111] 

The controller (1010) controls the overall operation of the base station (1000) in accordance  



2018-08-30 

32-28 

with providing a method and apparatus for reducing service interruptions in NR-U, as is 
necessary to implement the above-described present invention. 

[0112] 

The transmitter (1020) and the receiver (1030) are used to transmit and receive signals, 
messages, or data, to and from the terminal, that are necessary to carry out the present 
invention. 

[0113] 

FIG. 2 is a drawing that shows a configuration of a user terminal (1100) according to a 
further embodiment. 

[0114] 

Referring to FIG. 2, the user terminal (1100) according to a further embodiment comprises a 
receiver (1110), a controller (1120), and a transmitter (1130). 

[0115] 

The receiver (1110) receives downlink control information, data, and messages from a base 
station over the relevant channel. 

[0116] 

In addition, the controller (1120) controls the overall operation of the user terminal (1100) in 
accordance with providing a method and apparatus for reducing service interruptions in NR-
U, as is necessary to implement the above-described present invention. 

[0117] 

The transmitter (1130) transmits uplink control information, data, and messages to the base 
station over the relevant channel. 

[0118] 

In addition, the terms "system," "processor," "controller," "component," "module," 
"interface," "model," "unit," or the like may refer generally to hardware of a computer-related 
entity, a combination of hardware and software, software, or executing software. For 
example, any of the above-described components can be a process driven by a processor, a 
processor, a controller, a control processor, an object, an executable thread, a program, and/or 
a computer,   
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but are not limited thereto. For example, an application running on a controller or a processor, 
and the controller or the processor, can all be components. One or more components can be 
within a process and/or an execution thread; the components can be located in a single 
system, or they can be distributed across two or more systems. 

[0119] 

The standards or standard documents referred to in the above embodiments have been 
omitted for simplicity of description and constitute a part of the present specification. 
Accordingly, the addition of any part of the above standards and standard documents to the 
present specification or the disclosure thereof in the claims must be interpreted as being 
within the scope of the present invention. 

[0120] 

The above description is only an exemplary description of the technical concepts of the 
present invention, and various modifications and variations will be apparent to a person of 
ordinary skill in the art to which the present invention pertains that do not depart from the 
essential features of the present invention. Accordingly, the embodiments disclosed in the 
present invention are intended to illustrate, not to limit, the technical concepts of the present 
invention, and the scope of the technical concepts of the present invention is not limited by 
such embodiments. The claimed scope of the present invention must be construed in 
accordance with the claims below; all technical concepts that are within the equivalent scope 
thereof must be understood to be encompassed within the claimed scope of the present 
invention.  
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CLAIMS 

1. A method of transmitting uplink data by a terminal, comprising: 

a step of detecting an LBT failure, and 

a step of initiating a preset procedure based on the result of the LBT failure detection. 
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ABSTRACT 

The present invention proposes a method and apparatus for terminal overload control and 
failure handling for a next-generation/5G wireless access network configured over an 
unlicensed band. 

Representative Drawing 

FIG. 1  
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DRAWINGS 
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[0037] 1B~ ~~Jlt ~~ B11B~ ~~-9-j 7cJ~, ~-9-j-9-j l-}qj,A}7} &~~_2_.s._ 

1-}¾W T ~-:::= J:¥-~ ~Tilg 0 1 °}1-Jc} zt ~7}-9-j regulation L~61ll-1 o,u1~ 1-}qj,A}~ 

~ 2. 1TI 1TI ~S:. -¥-~ 18-{l Al Bl 6- A-11.:g-g ~ -8-TI 0 1 ¾ 0 1 7} 'a i>}tj-. 0 1611 u:}4 Bl 1B ~ 

~ ~ g_ 18-~ NR l-7 Bl 6- A-ll .:g- Al -8-TI ~ Bl 1B ~ ~ ~ g_ 18--8-TI O l ul A-ll .:g-£1 JI ~-:::= 

TA-llQ:f- ::E~ ztzt-9-l NR 1-}qj,A} ~2. LTE 1-}qj,A} Z}-9-j co-existence TA-ll61l ~~ -8-H 

~ 0 1 ~ili>}tj-. 0 1611 u:}4 B11B~ ~~g_ 18-~ NR l-1Bl6. A-11.:g- Al, ztzt-9-l -¥-~ 18-

{l A-,Bl6. n-9-l n~ ~2. ¾%g_ 3Ili>}7l ~-8-TI -¥-~ {l--2..~ ¾½i>}7l zj61l 1-}¾w 

-¥-~ ~TI lg ~ 2. 7H ~ 0, -9-l power 1 eve 1 g_ sens i ngi>}°1 -8-TI ~ -¥-~ ~TI lg ~ 2. 7H '2-l 0, 

~ 2. 7H ~ 0, 7} q ~ -¥-~ 18-{l ll ££~ 0 11+ q ~ 1-}qj ,A}61l -9-J-8-H I-}¾ %~ 7cJ ~ 

-8-H~ ~~ g_ 18-~ NR A1Bl6. A-ll.:g-611 A-ll<4g_ ~711 ~ 7}'oAc1°l ~71 u:1JT61l Bl1B~ 

~ ~ g_ 18-~ -¥-~ 18-{l Al Bl 6.-::: 1B ~ ~ ~ g_ 18-~ -¥-~ 18-{l Al Bl 6-Q} ~~ I-}¾ 

,A} 7} iL -=?-i>}-:::= QoS li!_ AJ- 0 l ~ iH-i>} 9-. ~ i>l NR-U-9-j 7cJ ~ SCe 11 g_ 18--8-H Bl 1B ~ ~ ~ g_ 

J,}¾i>}-:::= ¾~ LTE LAA 71 ~Jlt ~~ Bl 1B ~ ~ ~ g_ PCel ls_ i>}-:::= Standalone Al 1+ 

'21.Q..~ ,Al-%lw T ~9-. 0 1 7cl~. -8-H~ Al61l T~l7} A~71-::: 7cl~ A1Bl6. %~ 0 1 w 

A~ w T ~-::: T A-ll 7} ~ ~ c}. 0 1611 u:}4 NR Al Bl 6-611 ~ -8-H ~~a~ QoS~ ~~Al 7'1 

71 o,~¾ TA-ll7} ~~9-. 

[0038] 
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[0044] 
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[0046] NR-U LAA: NR-U rn "license assisted access'' mode where primary 

cell IS NR licensed 

[0047] NR-U SA: NR-U stand-alone mode 

[0048] ENU-DC: EN-DC where SN (Secondary Node) Is NR-U 

[0049] NNU-DC: DC between NR licensed (MN: Master Node) and NR-U (SN) 
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[0053] PCell61l ~-E;] %t-l~l~61P·1 N310 cct~~~ OOS(out of sync)~ y,8 

i>}i:a_, T310 El- 0 1 ~ ~ Al <Q-~4. 1il-<4 T310°l %<Q-%~ %~ i PCel 1611 ~ i;~ %'2-1 

~i;~ T310 El- 0 1~ ~ 7J7.l~4. 

[0054] T310Et 0 l ~ -9.J 1il-li 611 , EE.-:= MCG MAC__2_£ 1f-- E7 ~ 1B QIP1l ~ ~ ~l ~ 7.l 

Al W --2._ ta. , EE.-::: MCG RLC £-¥- E-, ~ ~ ~R~ ¾ y61l S:.1g-~ 4-::: 7.l Al ~ W --2._ ta., 1i::1-

~ 2_ MCG61lA1 J¥-{i ~3 {JiIJi ~ ~½~4. 

1§ 611 ~ ~ ~ All ~611 ~ ~ li_7:J- 0 l ~~w T <V,Jl 0 1611 n:}4 ~ 7a ~ QoS y¾ g 1iI 

~ i>}-::: ~l O l E-, ¾ y ,8 ° l ~ ~ w y <V, 4 . ::; i>l l=l l ta. -&I ~ ~ "'l O l ~ {]-~ ~ ~ 611 -::: 

½i>}-:= Al Zl- g AJ-~i>l 7.l cct Al~ T <V, 4. 4 ~ ~l £ 717-l ~ 0 1 cct ~ ~ ~ LBT{J TIJi £ 

~-E;~ RLM RS~ zj¾i>}7.l *i>}-::: ~~ 1i::1-~ 0 1 °1 ~ 00S£ Jl~~4ta., 1i::1-~ 0 l T310 
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~R 1§ ~ % ( Channe 1 Occupancy) , RSS I , LBT {J TI11 T, LBT {J TI11 1::q % , LBT {J TI11 71 ~ 

q ul-_Q_ 
1....'.. 2. 1-
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01 Ao1- ol ~j 1-l g TI '8'1-i'r1- ¢ Ol rl '-7 o...':I:'...2. J....p 2. , M---T• 

change/SCG change/SCG release ~~}~ Ti,~~9-. 
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[0101] 

Strength Indicator) and -7R \§. :@% (CO: channel occupancy) 7} S:. ~ ~ Sj 9-. co-:= 
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'.V-9-. 9-':= ~l~ co !E';: RSSI~L~ 3H-~ }tj-c}P1lE1~l 7}~/~~/-g-i>}7l/4T7l i>}°1 

"'}¾W T '.V, tj-. <g ~l ~ ~ 0, C07} 40°14~ RSSI7} ~ 1!1 ~£9- ~ ~ AJ ~ -9-1 Bl% 

0 1 40%~ ~-9-~ 4Et\R9-. ~<4 C07} 0~ ~-9-~l Bli;TI 40%~% ~s:~ ~1!l~g 

~ ¾i>} j]_,A} ~tj-~ i;] ~ }IJ-i'}Pll E7 ~l (100%-40%) ~ -g-i;]l,7 "'}¾ W T '.V, tj-. 9-':= ~l 

~ ~ 0, C07} 20°1 L'-}~ RSSI7} ~ 1!1 ~£9- * ~ AJ ~ -9-1 Bl % 0 1 20%~ ~ 4- ~ 41:t 

\Rtj-. ~<4 C07} 0~ ~-9-~l Bl-E;]20%~6 ~s:~ ~11lilg ~¾i>}j]_A} ~tj-~ i;]~ 

}tj-c} Pll E7 ~l ( 100%-20%) ~ -g-i;] "'i "'}¾ W T '.V, tj-. 

[0107] i;] ~ ~l ';: 'ii 18 ~ A1l 6. .u ~Al A~ -9-1 T ~l ~ ~ ½i>} ';: 111 "'}¾Sl ';: .u ~ 

0J~zj_¾~~~' RLC TA-n~ ~½i>}';:111 "'}¾Sl';: ~~A]zj_¾~1!l~, LBT ~~~ 

~ ½i>}7l -$-1 ~ zj_ ~~ 7'}¾ E7 ~l ~ ~ ~ 1!1 ~, zj_ ~~ l:} 0 1 dJ ~li ~ % i>}4op,J-9-l 

}IJ-i'}Pll E7 ~l ~ i;] ~ ¾~ T '.V, tj-. 

[0108] AJ7l ~ 1::1}9} ~ 0 1 -,E- ~1=§ 2 NR-U~lAi ~~ AJE11 tl-~ 0 1 Ai Bl 6- % 

co1101 :s;:.. 1g %£i>}~, !E 4':= ~A1~1~1 -9-1~ 717-1~0000)2 A-no,-¥­

O01o)J1t ¾{l 1f-(1020), T--8-¥-O030) ~ .:t.. W~q. 

[0111] Ail 0, -¥-0010) ';: zj_ ~~ -,E- ~1=§ g T-l>J i>}7l ~l ~il ~NR-U~lAi Ai Bl 

32-27 



2018-08-30 

11 D t:-11 11 " 0 L;J " .E.. O l 
.J-'2_, 7TA 0~ 

32-28 



2018-08-30 

T <V_;zl 1:fr 0 1 ~l ~~~ 7-l ~~ q. ~l ~ ~ 0,' ~ E ~e-7 !E ~ ll £A7l,7,7 ~p,., {J_ t>] ¾ 

~ 0 R~c:J~l 0 l~JI} ~E~e-7 !£~ ll£J.7l,7,77} .!2-T -=r-Aa iL::i::7} ~ T <U~~q. 

-8"}4 °1.AJQJ -=r-Aa _fL5::7} ll£J.11~ ~/!£~ {J_t>] ~r-ili::: ~~1 <Ug T S:J-2._1=9 -=r-Aa 

~ g zi-~ i>} ~1 i>} 7 l ~ "5R )~ ~ ~ 3i -2._ £ ~ ~ J.11 Ai £l ~-¥- ~ -=r- Aa ~ q . u:}4 "'i , ~ 
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