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Description

BACKGROUND

[0001] The following relates generally to wireless com-
munication and more specifically to radio link monitoring
(RLM) based on multiple reference signals.
[0002] Wireless communications systems are widely
deployed to provide various types of communication con-
tent such as voice, video, packet data, messaging, broad-
cast, and so on. These systems may be capable of sup-
porting communication with multiple users by sharing the
available system resources (e.g., time, frequency, and
power). Examples of such multiple-access systems in-
clude fourth generation (4G) systems such as a Long
Term Evolution (LTE) systems or LTE-Advanced (LTE-
A) systems, and fifth generation (5G) systems which may
be referred to as New Radio (NR) systems. These sys-
tems may employ technologies such as code division
multiple access (CDMA), time division multiple access
(TDMA), frequency division multiple access (FDMA), or-
thogonal frequency division multiple access (OFDMA),
or discrete Fourier transform-spread-OFDM (DFT-S-
OFDM).
[0003] A wireless multiple-access communications
system may include a number of base stations or network
access nodes, each simultaneously supporting commu-
nication for multiple communication devices, which may
be otherwise known as user equipment (UE). In some
wireless communications systems, a UE may support
techniques for monitoring the quality of a radio link with
a cell (e.g., RLM). If the UE determines that the quality
of the radio link is too low, the UE may declare that there
is radio link failure (RLF), and the UE may, in some ex-
amples, attempt to reconnect with the cell or initiate a
cell selection procedure to find a new cell associated with
a suitable radio link. In some cases, the UE may perform
RLM based on reference signals of a particular type.
However, such reference signals may not be transmitted
by the base station consistently, and, in some examples,
the UE may not have access to sufficient (or any) refer-
ence signals to perform RLM.
[0004] WO 2017/138869 A1 discusses wireless com-
munication and in particular, a method, wireless device
and network node for adapting measurement for narrow-
band Internet of Things (NB-IOT). US 2017/0230780 A1
discusses wireless communications and, more particu-
larly, to adaptive radio link monitoring (RLM) for machine
type communication(s) (MTC), enhanced MTC (eMTC)
and/or narrowband Internet-of-Things (NB-IoT). US
2013/0301542 A1 discusses to wireless communications
and more particularly to radio link monitoring in a user
equipment.

SUMMARY

[0005] In accordance with the present invention, there
is provide a method for for wireless communication at a

user equipment as set out in claim 1, an apparatus for
wireless communication as set out in claim 10 and, a
non-transitory computer readable medium storing code
for wireless communication at a user equipment as set
out in claim 12. Other aspects of the invention can be
found in the dependent claims.
[0006] Any embodiments in which determining if an us-
er equipment is out-of-sync is not performed by deter-
mining whether both a first signal quality and a second
signal quality are below a first signal quality threshold are
not part of the invention and are present for illustrative
purposes only.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

FIGs. 1 and 2 illustrate examples of wireless com-
munications systems that supports radio link moni-
toring (RLM) based on multiple reference signals in
accordance with various aspects of the present dis-
closure;
FIG. 3 illustrates an example of a timing diagram
showing transmissions of reference signals in ac-
cordance with various aspects of the present disclo-
sure;
FIG. 4 illustrates an example of a DRX cycle in ac-
cordance with various aspects of the present disclo-
sure;
FIG. 5 illustrates an example of a process flow in a
system that supports RLM based on multiple refer-
ence signals in accordance with various aspects of
the present disclosure;
FIGs. 6 through 8 illustrate block diagrams of a de-
vice that supports RLM based on multiple reference
signals in accordance with various aspects of the
present disclosure;
FIG. 9 illustrates a block diagram of a system includ-
ing a base station that supports RLM based on mul-
tiple reference signals, in accordance with various
aspects of the present disclosure;
FIGs. 10 and 11 illustrate block diagrams of a device
that supports RLM based on multiple reference sig-
nals in accordance with various aspects of the
present disclosure;
FIG. 12 illustrates a block diagram of a system in-
cluding a user equipment (UE) that supports RLM
based on multiple reference signals in accordance
with various aspects of the present disclosure; and
FIG. 13 illustrates a method for a device that supports
RLM based on multiple reference signals in accord-
ance with various aspects of the present disclosure.

DETAILED DESCRIPTION

[0008] In some wireless communications systems, us-
er equipment (UEs) may support techniques for monitor-
ing the quality of a radio link used for communication with
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a cell. If a UE detects that there is a radio link failure
(RLF), the UE takes appropriate action to recover the
connection with the cell. Additionally or alternatively, the
UE may detect the loss of reception of a configured beam
for the UE, in which case the UE may perform a beam
recovery process to re-establish a beam for communica-
tion. In some cases, the radio link quality may be asso-
ciated with the reliability of a downlink control channel
(e.g., a physical downlink control channel (PDCCH) in
LTE systems and an NR-PDCCH in NR systems (or 5G
systems)). That is, the UE 115 may monitor the reliability
of a PDCCH received from the cell to determine the qual-
ity of a radio link with the cell. In other cases, the radio
link quality may be associated with the quality of refer-
ence signals of a particular type received from the cell.
That is, the UE 115 may monitor the quality of reference
signals received from the cell to determine the quality of
a radio link with the cell.
[0009] In some wireless communications systems
(e.g., Fifth Generation (5G) systems), however, it may
be difficult for the UE to monitor the quality of a radio link
by monitoring the reliability of a PDCCH or the quality of
reference signals of a particular type. Specifically, the
system may not support continuous transmission of ref-
erence signals such as common reference signals
(CRS), and the system may have discontinuous trans-
mission windows. Thus, a UE may not be able to con-
sistently monitor the quality of a radio link by monitoring
the quality of a continuously transmitted reference signal.
Similarly, downlink transmissions on the PDCCH may be
sporadic, and the UE may not be able to consistently
monitor the quality of a radio link by monitoring the reli-
ability of the PDCCH. In addition, the UE may not know
whether or not a cell may be transmitting on a PDCCH,
and, as a result, the UE may not be able to receive signals
on the PDCCH to determine the quality of a radio link.
[0010] In such cases, the UE may request PDCCH
transmissions or reference signal transmissions from a
cell for the purpose of performing RLM. However, these
transmissions may cause unnecessary overhead in a
wireless communications system. As described herein,
a UE may support efficient techniques for performing
RLM without requesting additional transmissions from a
cell. In one aspect, a UE may be configured to perform
measurements of the quality of a radio link based on mul-
tiple reference signals (e.g., synchronization signals or
channel state information reference signals (CSI-RSs))
of different types. Since at least one of the different types
of reference signals may be transmitted relatively fre-
quently, the UE may have access to sufficient reference
signals to be able to consistently monitor the quality of a
radio link with a cell.
[0011] Aspects of the disclosure introduced above are
described below in the context of a wireless communi-
cations system. Examples of processes and signaling
exchanges that support RLM based on multiple reference
signals are then described. Aspects of the disclosure are
further illustrated by and described with reference to ap-

paratus diagrams, system diagrams, and flowcharts that
relate to RLM based on multiple reference signals.
[0012] FIG. 1 illustrates an example of a wireless com-
munications system 100 that supports RLM based on
multiple reference signals in accordance with various as-
pects of the present disclosure. In some examples, the
wireless communications system 100 may be a Long
Term Evolution (LTE) network, an LTE-Advanced (LTE-
A) network, or a 5G network. In some cases, wireless
communications system 100 may support enhanced
broadband communications, ultra-reliable (e.g., mission
critical) communications, low latency communications,
or communications with low-cost and low-complexity de-
vices.
[0013] Base stations 105 may wirelessly communicate
with UEs 115 via one or more base station antennas.
Base stations 105 described herein may include or may
be referred to by those skilled in the art as a base trans-
ceiver station, a radio base station, an access point, a
radio transceiver, a NodeB, an eNodeB (eNB), a next-
generation Node B or giga-nodeB (either of which may
be referred to as a gNB), a Home NodeB, a Home eNo-
deB, or some other suitable terminology. Wireless com-
munications system 100 may include base stations 105
of different types (e.g., macro or small cell base stations).
The UEs 115 described herein may be able to commu-
nicate with various types of base stations 105 and net-
work equipment including macro eNBs, small cell eNBs,
gNBs, relay base stations, and the like.
[0014] Each base station 105 may be associated with
a particular geographic coverage area 110 in which com-
munications with various UEs 115 is supported. Each
base station 105 may provide communication coverage
for a respective geographic coverage area 110 via com-
munication links 125, and communication links 125 be-
tween a base station 105 and a UE 115 may utilize one
or more carriers. Communication links 125 shown in wire-
less communications system 100 may include uplink
transmissions from a UE 115 to a base station 105, or
downlink transmissions, from a base station 105 to a UE
115. Downlink transmissions may also be called forward
link transmissions while uplink transmissions may also
be called reverse link transmissions.
[0015] The geographic coverage area 110 for a base
station 105 may be divided into sectors making up only
a portion of the geographic coverage area 110, and each
sector may be associated with a cell. For example, each
base station 105 may provide communication coverage
for a macro cell, a small cell, a hot spot, or other types
of cells, or various combinations thereof. In some exam-
ples, a base station 105 may be movable and therefore
provide communication coverage for a moving geo-
graphic coverage area 110. In some examples, different
geographic coverage areas 110 associated with different
technologies may overlap, and overlapping geographic
coverage areas 110 associated with different technolo-
gies may be supported by the same base station 105 or
by different base stations 105. The wireless communica-
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tions system 100 may include, for example, a heteroge-
neous LTE/LTE-A or 5G network in which different types
of base stations 105 provide coverage for various geo-
graphic coverage areas 110.
[0016] The term "cell" refers to a logical communication
entity used for communication with a base station 105
(e.g., over a carrier), and may be associated with an iden-
tifier for distinguishing neighboring cells (e.g., a physical
cell identifier (PCID), a virtual cell identifier (VCID)) op-
erating via the same or a different carrier. In some ex-
amples, a carrier may support multiple cells, and different
cells may be configured according to different protocol
types (e.g., machine-type communication (MTC), nar-
rowband Internet-of-Things (NB-IoT), enhanced mobile
broadband (eMBB), or others) that may provide access
for different types of devices. In some cases, the term
"cell" may refer to a portion of a geographic coverage
area 110 (e.g., a sector) over which the logical entity op-
erates.
[0017] UEs 115 may be dispersed throughout the wire-
less communications system 100, and each UE 115 may
be stationary or mobile. A UE 115 may also be referred
to as a mobile device, a wireless device, a remote device,
a handheld device, or a subscriber device, or some other
suitable terminology, where the "device" may also be re-
ferred to as a unit, a station, a terminal, or a client. A UE
115 may also be a personal electronic device such as a
cellular phone, a personal digital assistant (PDA), a tablet
computer, a laptop computer, or a personal computer. In
some examples, a UE 115 may also refer to a wireless
local loop (WLL) station, an Internet of Things (IoT) de-
vice, an Internet of Everything (IoE) device, or an MTC
device, or the like, which may be implemented in various
articles such as appliances, vehicles, meters, or the like.
[0018] Base stations 105 may communicate with the
core network 130 and with one another. For example,
base stations 105 may interface with the core network
130 through backhaul links 132 (e.g., via an S1 or other
interface). Base stations 105 may communicate with one
another over backhaul links 134 (e.g., via an X2 or other
interface) either directly (e.g., directly between base sta-
tions 105) or indirectly (e.g., via core network 130).
[0019] The core network 130 may provide user authen-
tication, access authorization, tracking, Internet Protocol
(IP) connectivity, and other access, routing, or mobility
functions. The core network 130 may be an evolved pack-
et core (EPC), which may include at least one mobility
management entity (MME), at least one serving gateway
(S-GW), and at least one Packet Data Network (PDN)
gateway (P-GW). The MME may manage non-access
stratum (e.g., control plane) functions such as mobility,
authentication, and bearer management for UEs 115
served by base stations 105 associated with the EPC.
User IP packets may be transferred through the S-GW,
which itself may be connected to the P-GW. The P-GW
may provide IP address allocation as well as other func-
tions. The P-GW may be connected to the network op-
erators IP services. The operators IP services may in-

clude access to the Internet, Intranet(s), an IP Multimedia
Subsystem (IMS), or a Packet-Switched (PS) Streaming
Service.
[0020] In some cases, wireless communications sys-
tem 100 may be a packet-based network that operate
according to a layered protocol stack. In the user plane,
communications at the bearer or Packet Data Conver-
gence Protocol (PDCP) layer may be IP-based. A Radio
Link Control (RLC) layer may in some cases perform
packet segmentation and reassembly to communicate
over logical channels A Medium Access Control (MAC)
layer may perform priority handling and multiplexing of
logical channels into transport channels. The MAC layer
may also use hybrid automatic repeat request (HARQ)
to provide retransmission at the MAC layer to improve
link efficiency. In the control plane, the Radio Resource
Control (RRC) protocol layer may provide establishment,
configuration, and maintenance of an RRC connection
between a UE 115 and a base station 105 or core network
130 supporting radio bearers for user plane data. At the
Physical (PHY) layer, transport channels may be mapped
to physical channels.
[0021] In some cases, the antennas of a base station
105 or UE 115 may be located within one or more antenna
arrays, which may support transmit or receive beamform-
ing. Beamforming, which may also be referred to as spa-
tial filtering, directional transmission, or directional recep-
tion, is a signal processing technique that may be used
at a transmitting device or a receiving device (e.g., a base
station 105 or a UE 115) to shape or steer an antenna
beam (e.g., a transmit beam or receive beam) along a
spatial path between the transmitting device and the re-
ceiving device. Beamforming may be achieved by com-
bining the signals communicated via antenna elements
of an antenna array such that signals propagating at par-
ticular orientations with respect to an antenna array ex-
perience constructive interference while others experi-
ence destructive interference. The adjustment of signals
communicated via the antenna elements may include a
transmitting device or a receiving device applying certain
amplitude and phase offsets to signals carried via each
of the antenna elements associated with the device. The
adjustments associated with each of the antenna ele-
ments may be defined by a beamforming weight set as-
sociated with a particular orientation (e.g., with respect
to the antenna array of the transmitting device or receiv-
ing device, or with respect to some other orientation).
[0022] In one example, a base station 105 may use
multiple antennas or antenna arrays to conduct beam-
forming operations for directional communications with
a UE 115. For instance, some signals (e.g. synchroniza-
tion signals, reference signals, beam selection signals,
or other control signals) may be transmitted by a base
station 105 multiple times in different directions, which
may include a signal being transmitted according to dif-
ferent beamforming weight sets associated with different
directions of transmission. Transmissions in different
beam directions may be used to identify (e.g., by the base
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station 105 or a receiving device, such as a UE 115) a
beam direction for subsequent transmission and/or re-
ception by the base station 105. Some signals, such as
data signals associated with a particular receiving device,
may be transmitted by a base station 105 in a single
beam direction (e.g., a direction associated with the re-
ceiving device, such as a UE 115).
[0023] In some examples, the beam direction associ-
ated with transmissions along a single beam direction
may be determined based at least in in part on a signal
that was transmitted in different beam directions. For ex-
ample, a UE 115 may receive one or more of the signals
transmitted by the base station 105 in different directions,
and the UE 115 may report to the base station 105 an
indication of the signal it received with a highest signal
quality, or an otherwise acceptable signal quality. Al-
though these techniques are described with reference to
signals transmitted in one or more directions by a base
station 105, a UE 115 may employ similar techniques for
transmitting signals multiple times in different directions
(e.g., for identifying a beam direction for subsequent
transmission or reception by the UE 115), or transmitting
a signal in a single direction (e.g., for transmitting data
to a receiving device).
[0024] A receiving device (e.g., a UE 115, which may
be an example of a millimeter wave (mmW) receiving
device) may try multiple receive beams when receiving
various signals from the base station 105, such as syn-
chronization signals, reference signals, beam selection
signals, or other control signals. For example, a receiving
device may try multiple receive directions by receiving
via different antenna subarrays, by processing received
signals according to different antenna subarrays, by re-
ceiving according to different receive beamforming
weight sets applied to signals received at a plurality of
antenna elements of an antenna array, or by processing
received signals according to different receive beam-
forming weight sets applied to signals received at a plu-
rality of antenna elements of an antenna array, any of
which may be referred to as "listening" according to dif-
ferent receive beams or receive directions. In some ex-
amples a receiving device may use a single receive beam
to receive along a single beam direction (e.g., when re-
ceiving a data signal). The single receive beam may be
aligned in a beam direction determined based at least in
part on listening according to different receive beam di-
rections (e.g., a beam direction determined to have a
highest signal strength, highest signal-to-noise (SNR) ra-
tio, or otherwise acceptable signal quality based at least
in part on listening according to multiple beam directions).
[0025] In wireless communications system 100, UEs
115 may support techniques for monitoring the quality of
a radio link or a beam used for communication with a cell.
If a UE 115 detects that there is a radio link failure (RLF),
the UE 115 may take appropriate action to recover the
connection with a cell (e.g., beam recovery) or begin
searching for a different cell with a suitable radio link. In
some cases, the radio link quality may be associated with

the reliability of a downlink control channel (e.g., a phys-
ical downlink control channel (PDCCH) in LTE systems
and an NR-PDCCH in NR systems (or 5G systems)).
That is, the UE 115 may monitor the reliability of a PDCCH
received from a cell to determine the quality of a radio
link with the cell. In other cases, the radio link quality may
be associated with the quality of reference signals of a
particular type received from a cell. That is, the UE 115
may monitor the quality of reference signals received
from a cell to determine the quality of a radio link with the
cell.
[0026] In some wireless communications systems
(e.g., 5G systems), however, it may be difficult for the
UE to monitor the quality of a radio link or a beam because
the presence of PDCCH transmissions may be unknown
and there may be no continuously transmitted common
reference signals. Specifically, transmissions of refer-
ence signals of a particular type may be sporadic, and a
UE 115 may not be able to consistently monitor the quality
of a radio link by monitoring the quality of reference sig-
nals of the particular type. Similarly, downlink transmis-
sions on the PDCCH may be sporadic, and the UE 115
may not be able to consistently monitor the quality of a
radio link by monitoring the reliability of the PDCCH. In
addition, the UE 115 may not know whether or not a cell
may be transmitting on a PDCCH, and, as a result, the
UE 115 may not be able to receive signals on the PDCCH
to determine the quality of a radio link.
[0027] In such cases, the UE 115 may request PDCCH
transmissions or reference signal transmissions from a
cell for the purpose of performing RLM. However, if the
transmission of requests for PDCCH transmissions or
reference signal transmissions may cause unnecessary
overhead in a wireless communications system. As de-
scribed herein, UEs 115 in wireless communications sys-
tem 100 may support efficient techniques for performing
RLM without requesting additional transmissions from a
cell, thus minimizing overhead in wireless communica-
tions system 100. In one aspect, a UE 115 is configured
to perform measurements of the quality of a radio link or
beam based on multiple reference signals of different
types (e.g., synchronization signals or channel state in-
formation reference signals (CSI-RSs). Since such dif-
ferent types of reference signals may be transmitted rel-
atively frequently, the UE 115 may be able to consistently
monitor the quality of a radio link or a configured beam
for a cell.
[0028] FIG. 2 illustrates an example of a wireless com-
munications system 200 that supports RLM based on
multiple reference signals in accordance with various as-
pects of the present disclosure. Wireless communica-
tions system 200 includes base station 105-a, which may
be an example of a base station 105 described with ref-
erence to FIG. 1. Wireless communications system 200
also includes UE 115-a, which may be an example of a
UE 115 described with reference to FIG. 1. Base station
105-a may provide communication coverage for UEs 115
(including UE 115-a) within coverage area 110-a.
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[0029] In some cases, base station 105-a may transmit
(or broadcast) a first type of reference signal 205 and a
second type of reference signal 210 to one or more UEs
115 within coverage area 110-a. In the example of FIG.
2, the first type of reference signal may be a synchroni-
zation signal (e.g., NR synchronization signal (NR-SS))
and the second type of reference signal may be a CSI-
RS. In other examples, the first type of reference signal
may be a demodulation reference signal and the second
type of reference signal may be a UE-specific reference
signal. In yet other examples, the first type of reference
signal may be a non-beamformed reference signal (e.g.,
non-beamformed CSI-RS) and the second type of refer-
ence signal may be a beamformed reference signal (e.g.,
beamformed CSI-RS). Base station 105-a may transmit
the first type of reference signal and/or the second type
of reference signal periodically, aperiodically, or semi-
persistently. For example, NR-SS may be transmitted
according to a synchronization periodicity, which may be
every 5, 10, 20, 40, or 80 ms, while CSI-RS may be trans-
mitted in discovery reference signal (DRS) transmissions
at a different periodicity. In some cases CSI-RS may also
be present in control or data transmissions to UEs.
[0030] Base station 105-a may transmit an indication
of a number of antenna ports for UE 115-a to use to re-
ceive these reference signals. In addition, base station
105-a may transmit an indication of resources (e.g., time
and frequency resources) for UE 115-a to monitor for
these types of reference signals. Once UE 115-a re-
ceives the first and second types of reference signals,
UE 115-a may perform RLM based on the first type of
reference signal 205, the second type of reference signal
210, or both. In some cases, base station 105-a may
configure UE 115-a to use specific types of reference
signals for RLM based on the quality of the different types
of reference signals received by UE 115-a. That is, base
station 105-a may configure UE 115-a to use specific
types of reference signals for RLM based on signal quality
metrics associated with the different types of reference
signals received by UE 115-a.
[0031] In one example, base station 105-a may identify
the signal quality metrics for specific reference signals
received by UE 115-a based on signal quality reports
received from UE 115-a. Base station 105-a may config-
ure UE 115-a to report signal quality (e.g., reference sig-
nal received power (RSRP), reference signal received
quality (RSRQ), SNR, etc.) for the first type of reference
signal and/or the second type of reference signal. In some
cases, the configuration to report signal quality to base
station 105-a may be a configuration of lower layers (e.g.,
layer 1 (L1) or layer 2 (L2)) responsible for beam man-
agement at the UE 115-a. In other cases, the configura-
tion to report signal quality to base station 105-a may be
a configuration of upper layers (e.g., layer 3 (L3)) respon-
sible for mobility at the UE 115-a. Base station 105-a may
configure UE 115-a to report the signal quality of these
reference signals periodically, aperiodically, semi-per-
sistently, or based on an event-based trigger. Once base

station 105-a receives the signal quality reports from UE
115-a, base station 105-a may modify the configuration
for UE 115-a for RLM reporting.
[0032] In some aspects, base station 105-a may con-
figure UE 115-a to use specific reference signals for RLM
based on comparing the signal quality metrics of one or
more types of reference signals to one or more thresh-
olds. For example, if base station 105-a determines that
a signal quality metric for the first type of reference signal
205 (e.g., determined based on the signal quality reports)
is below a threshold, base station 105-a may configure
UE 115-a to use the first type of reference signal 205 and
the second type of reference signal 210 for RLM. Alter-
natively, if base station 105-a determines that a signal
quality metric for the first type of reference signal 205 is
above a threshold, base station 105-a may configure UE
115-a to use the first type of reference signal 205 for RLM.
[0033] In other aspects, base station 105-a may con-
figure UE 115-a to use specific reference signals for RLM
based on comparing the signal quality metrics of different
types of reference signals. For example, base station
105-a may configure UE 115-a to use the first type of
reference signal 205, the second type of reference signal
210, or both for RLM based on determining whether the
signal quality of the first type of reference signal 205 is
substantially lower than the signal quality of the second
type of reference signal 210. In some cases, base station
105-a may identify a difference between the signal quality
metric associated with the first type of reference signal
205 and the signal quality metric associated with the sec-
ond type of reference signal 210, and base station 105-
a may compare the difference to a threshold.
[0034] If base station 105-a determines that the differ-
ence between the signal quality metrics of the first type
of reference signal 205 and the second type of reference
signal 210 is above a threshold, base station 105-a may
configure UE 115-a to use the first type of reference sig-
nal 205 and the second type of reference signal 210 for
RLM. Alternatively, if base station 105-a determines that
the difference between the signal quality metrics of the
first type of reference signal 205 and the second type of
reference signal 210 is below a threshold, base station
105-a may configure UE 115-a to use the first type of
reference signal 205 for RLM only.
[0035] In yet other aspects, base station 105-a may
configure UE 115-a to use specific reference signals for
RLM based on comparing the cell quality metrics (e.g.,
layer 3 (L3) metrics) of different types of reference sig-
nals. For example, base station 105-a may configure UE
115-a to use the first type of reference signal 205, the
second type of reference signal 210, or both for RLM
based on determining whether the cell quality of the first
type of reference signal 205 is substantially lower than
the cell quality of the second type of reference signal 210.
In some cases, base station 105-a may identify a differ-
ence between the cell quality metric associated with the
first type of reference signal and the cell quality metric
associated with the second type of reference signal, and
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base station 105-a may compare the difference to a
threshold.
[0036] If base station 105-a determines that the differ-
ence between the cell quality metrics of the first type of
reference signal 205 and the second type of reference
signal 210 is above a threshold, base station 105-a may
configure UE 115-a to use the first type of reference sig-
nal 205 and the second type of reference signal 210 for
RLM. Alternatively, if base station 105-a determines that
the difference between the cell quality metrics of the first
type of reference signal 205 and the second type of ref-
erence signal 210 is below a threshold, base station 105-
a may configure UE 115-a to use the first type of reference
signal 205 for RLM.
[0037] Additionally or alternatively to determining sig-
nal quality metrics based on reports received from UE
115-a, base station 105-a may identify signal quality met-
rics of the reference signals received by UE 115-a based
on the quality of reference signals (e.g., sounding refer-
ence signals (SRSs)) received from UE 115-a. As an
example, base station 105-a may configure UE 115-a to
transmit SRSs using an antenna port configuration de-
rived from the antenna port configuration used by UE
115-a to receive the first type of reference signal 205.
Further, the antenna ports used to receive the SRSs from
UE 115-a may be quasi co-located with the antenna ports
used to transmit the first type of reference signal 205.
[0038] Since the base station 105-a may use similar
antenna port configurations to transmit the first type of
reference signal 205 and receive the SRSs, and the UE
115-a may use similar antenna port configurations to re-
ceive the first type of reference signal 205 and transmit
the SRSs, the quality of the SRSs received by base sta-
tion 105-a may correspond to the quality of the first type
of reference signal 205 received by UE 115-a (e.g., via
channel reciprocity). Accordingly, when base station
105-a receives the SRSs from UE 115-a, base station
105-a may measure the signal quality of the SRS to de-
termine the quality of the first type of reference signal
205 received by the UE 115-a.
[0039] In some aspects, base station 105-a may then
configure UE 115-a to use specific reference signals for
RLM based on comparing the measured signal quality
of the SRSs to a signal quality threshold. If UE 115-a
determines that the measured signal quality of the SRSs
is below a signal quality threshold, base station 105-a
may configure UE 115-a to use the first type of reference
signal 205 and the second type of reference signal 210
for RLM. In such cases, the antenna ports used to trans-
mit the second type of reference signal 210 may be quasi
co-located with the antenna ports used to transmit on a
PDCCH. Alternatively, if UE 115-a determines that the
measured signal quality of the SRSs is above a signal
quality threshold, base station 105-a may configure UE
115-a to use the first type of reference signal 205 for
RLM. As discussed herein, various parameters such as
the signal quality threshold may be different for different
network configurations and may be set by network oper-

ators according to the specific circumstances of the sys-
tem. For example, the signal quality threshold may be
based on varying parameters, which in turn, may depend
on at least the different configurations of various mobile
devices and networks.
[0040] Based on one or more of the scenarios de-
scribed above, base station 105-a selects and transmits
may an RLM configuration to UE 115-a. UE 115-a re-
ceives the RLM configuration and determine which ref-
erence signals to use to perform RLM based on the con-
figuration. In the example of FIG. 2, UE 115-a determines
a first signal quality of the first type of reference signal
205 and a second signal quality of the second type of
reference signal 210, and UE 115-a performs RLM based
on determining the signal qualities of these signals. Spe-
cifically, UE 115-a determines whether it is in-sync or
out-of-sync for communication with base station 105-a
based on the RLM configuration received from base sta-
tion 105-a and both the first signal quality and the second
signal quality.
[0041] The RLM configuration may include an RLM
function, which may indicate what reference signal types
and thresholds to use in RLM. Further, the RLM config-
uration includes an indicator that the UE is to apply, in
an RLM function, the first signal quality threshold to at
least one of the first type of reference signal or the second
type of reference signal. In a first RLM function, UE 115-
a may determine a maximum signal quality of the first
signal quality and the second signal quality, and UE 115-
a determines whether the UE is in-sync or out-of-sync
based on comparing the maximum signal quality (e.g.,
over a specified duration) to a signal quality threshold
(e.g., which may be a preconfigured threshold or may be
configured by base station 105-a). If the maximum signal
quality is above the signal quality threshold, UE 115-a
may determine that it is in-sync with base station 105-a.
Alternatively, if the maximum signal quality is below the
signal quality threshold, UE 115-a determines that it is
out-of-sync with base station 105-a. In some cases, the
maximum signal quality may correspond to a block error
rate (BLER), and UE 115-a may determine that it is in-
sync with base station 105-a if the BLER is sufficiently
low.
[0042] In a second RLM function, UE 115-a may de-
termine a minimum BLER based on the first signal quality
and the second signal quality, and UE 115-a may deter-
mine whether it is in-sync or out-of-sync based on com-
paring the minimum BLER (e.g., over a specified dura-
tion) to a BLER threshold (e.g., configured by base station
105-a). If the minimum BLER is below the BLER thresh-
old, UE 115-a may determine that it is in-sync with base
station 105-a. Alternatively, if the minimum BLER is
above the BLER threshold, UE 115-a may determine that
it is out of sync with base station 105-a. In a third RLM
function, UE 115-a may combine the first signal quality
and the second signal quality, and UE 115-a may deter-
mine whether it is in-sync or out-of-sync based on com-
paring the combined signal quality to a signal quality
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threshold. If the combined signal quality is above the sig-
nal quality threshold, UE 115-a may determine that it is
in-sync with base station 105-a. Alternatively, if the com-
bined signal quality is below the signal quality threshold,
UE 115-a may determine that it is out-of-sync with base
station 105-a.
[0043] In a fourth RLM function, instead of comparing
a maximum, minimum, or combination of the first and
second signal qualities to a single threshold, UE 115-a
may compare each of the first and second signal qualities
to different thresholds to determine whether it is in-sync
or out-of-sync. In one example, UE 115-a may determine
that it is out-of-sync based on determining that the first
signal quality is below a first signal quality threshold. Al-
ternatively, UE 115-a may determine that it is out-of-sync
based on determining that the first signal quality is below
a first signal quality threshold and the second signal qual-
ity is below a second signal quality threshold. In another
example, UE 115-a may determine that it is in-sync based
on determining that the first signal quality is above a third
signal quality threshold (e.g., which maybe the same or
different than the first signal quality threshold). Alterna-
tively, UE 115-a may determine that it is in-sync based
on determining that the first signal quality is above the
third signal quality threshold, or the second signal quality
is above a fourth signal quality threshold (e.g., which may
be the same or different than the second signal quality
threshold), or both.
[0044] FIG. 3 illustrates an example of a timing diagram
300 showing transmissions of reference signals in ac-
cordance with various aspects of the present disclosure.
As described with reference to FIG. 2, base station 105-
a may transmit a first type of reference signal 205 and a
second type of reference signal 210 to one or more UEs
(including UE 115-a). In the present example, the first
type of reference signal 205 may be transmitted with a
first periodicity 305 and the second type of reference sig-
nal 210 may be transmitted with a second periodicity 310.
[0045] In some cases, in addition (or as an alternative)
to being configured by base station 105-a to use certain
types of reference signals for RLM, UE 115-a may be
configured to determine to use certain types of reference
signals for RLM based on the periodicities of these ref-
erence signals. In one example, UE 115-a may determine
that the first periodicity 305 of the first type of reference
signal 205 is greater than a periodicity threshold, and, in
this case, UE 115-a may use the second type of reference
signal 210 for RLM. In another example, UE 115-a may
determine that the second periodicity 310 of the second
type of reference signal 210 is greater than a periodicity
threshold, and, in this case, UE 115-a may use the first
type of reference signal 205 for RLM.
[0046] UE 115-a may also be configured to use certain
types of reference signals for RLM when the UE 115-a
is operating in a connected mode discontinuous recep-
tion (C-DRX) mode. FIG. 4 illustrates an example of a C-
DRX cycle 400 in accordance with various aspects of the
present disclosure. UE 115-a may be in an active state

during ON-duration 405 and in an inactive state during
OFF-duration 410. In this example, UE 115-a may per-
form RLM when the UE 115-a is in the active state, and
UE 115-a may refrain from performing RLM when the UE
115-a is in an inactive state (e.g., to conserve power). In
order to ensure that UE 115-a does not have to transition
out of an inactive state to perform RLM during the OFF-
durations 410, base station 105-a may configure UE 115-
a to use certain reference signals for RLM.
[0047] In the example of FIG. 3, base station 105-a
may configure UE 115-a to perform RLM based on the
second type of reference signal 210. For example, the
first type of reference signal may be NR-SS, which may
be transmitted periodically, and may not overlap with the
ON-durations 405. The second type of reference signal
may be CSI-RS, which may be transmitted in downlink
transmissions to the UE during the C-DRX-on durations,
as well as in downlink transmissions to other UEs during
the C-DRX-on durations. Since the ON-durations 405 in
the DRX cycle overlaps with some reference signals of
the second type, UE 115-a may not have to transition out
of the inactive state to perform RLM. In other examples,
UE 115-a may be configured to monitor both the first type
of reference signal 205 and the second type of reference
signal 210 for RLM. However, when the UE 115-a is op-
erating in the C-DRX mode, UE 115-a may determine to
use only the second type of reference signal 210 for RLM
to avoid having to transition out of the inactive state to
perform RLM.
[0048] FIG. 5 illustrates an example of a process flow
500 in a system that supports RLM based on multiple
reference signals in accordance with various aspects of
the present disclosure. Process flow 500 illustrates as-
pects of techniques performed by base station 105-a,
which may be an example of a base station 105 described
with reference to FIGs. 1-4. Process flow 500 also illus-
trates aspects of techniques performed by a UE 115-a,
which may be an example of a UE 115 described with
reference to FIGs. 1-4.
[0049] At 505, base station 105-b may transmit a first
type of reference signal and a second type of reference
signal (e.g., associated with a cell) to UE 115-b. In some
cases, the first type of reference signal is a synchroniza-
tion signal and the second type of reference signal is a
CSI-RS. In other cases, the first type of reference signal
is a demodulation reference signal (e.g., DMRS in PBCH)
and the second type of reference signal is a UE-specific
reference signal. In yet other cases, the first type of ref-
erence signal is a non-beamformed CSI-RS and the sec-
ond type of reference signal is a beamformed CSI-RS.
Base station 105-b may transmit an indication of an an-
tenna port configuration for the first type of reference sig-
nal and the second type of reference signal. Further, base
station 105-b may also transmit an indication of resourc-
es for UE 115-b to monitor for the first type of reference
signal and the second type of reference signal.
[0050] In some aspects, base station 105-b may con-
figure UE 115-b to report a signal quality of the first type
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of reference signal and/or a signal quality of the second
type of reference signal. In such aspects, at 510, UE 115-
b may transmit signal quality reports to base station 105-
b. At 520, based on these reports, base station 105-b
may identify, for UE 115-b, signal quality metrics asso-
ciated with at least one of the first type of reference signal
or the second type of reference signal. In some examples,
base station 105-b may determine that the signal quality
metric for the first type of reference signal is below a
threshold, and base station 105-b may configure UE 115-
b to use the first type of reference signal and the second
type of reference signal for RLM based on this determi-
nation. In other examples, base station 105-b may de-
termine that the signal quality metric associated with the
first type of reference signal is above a threshold, and
base station 105-b may configure UE 115-b to use the
first type of reference signal for RLM based on this de-
termination.
[0051] In some instances, base station 105-b may con-
figure UE 115-b to use certain reference signals for RLM
based on a comparison of the signal quality metrics of
the first type of reference signal and the second type of
reference signals. For example, base station 105-b may
compare a difference between the signal quality metric
associated with the first type of reference signal and the
signal quality metric associated with the second type of
reference signal to a threshold, and configure UE 115-b
to use the first type of reference signal, the second type
of reference signal, or both for RLM based on the result
of comparing the difference to the threshold. In other in-
stances, base station 105-b may configure UE 115-b to
use certain reference signals for RLM based on a com-
parison of cell quality metrics of the first type of reference
signal and the second type of reference signal. For ex-
ample, base station 105-b may determine, based on the
first and second signal quality metrics, a first cell quality
metric associated with the first type of reference signal
and a second cell quality metric associated with the sec-
ond type of reference signal, where the first and second
cell quality metrics are L3 mobility metrics. Base station
105-b may then compare a difference between the first
cell quality metric associated with the first type of refer-
ence signal and the second cell quality metric associated
with the second type of reference signal to a threshold,
and base station 105-b may configure UE 115-b to use
the first type of reference signal, the second type of ref-
erence signal, or both for RLM based on a result of com-
paring the difference to the threshold.
[0052] In other aspects, base station 105-b may con-
figure UE 115-b to transmit SRSs derived from reception
of the first type of reference signal, and, at 515, base
station 105-b may receive SRSs from UE 115-b. In such
aspects, at 520, base station may identify, for UE 115-b,
signal quality metrics associated with at least one of the
first type of reference signal or the second type of refer-
ence signal based on the SRSs received from UE 115-
b. In some cases, base station 105-b may measure a
signal quality of the SRSs to determine whether to con-

figure UE 115-b to use the second type of reference sig-
nal for RLM. As an example, base station 105-b may
determine that the measured signal quality of the SRSs
is below a signal quality threshold, and base station 105-
b may configure UE 115-b to use the second type of
reference signal for RLM based on this determination. In
some examples, the set of antenna ports used to receive
the first type of SRS may be quasi co-located with the
set of antenna ports used to transmit the first type of
reference signal. Further, in addition to the above exam-
ples, base station 105-b may, in some cases, configure
UE 115-b to use the second type of reference signal for
RLM when UE 115-b is operating in a DRX mode.
[0053] At 525, once base station 105-b identifies the
appropriate RLM configuration for UE 115-b (e.g., based
on the scenarios described above), base station 105-b
may transmit the RLM configuration to UE 115-b. In some
examples, the RLM configuration may include a first sig-
nal quality threshold and an indicator that the UE is to
apply, in an RLM function, the first signal quality threshold
to at least one of the first type of reference signal or the
second type of reference signal. The RLM configuration
may include an RLM function which may indicate what
reference signal types and thresholds to use in RLM. UE
115-b may receive the RLM configuration and, at 530,
may perform RLM based on the RLM configuration. Spe-
cifically, UE 115-b may determine a first signal quality of
the first type of reference signal and a second signal qual-
ity of the second type of reference signal, and UE 115-b
may determine whether UE 115-b is in-sync or out-of-
sync for communication with base station 105-b based
on the RLM function and at least one of the first signal
quality or the second signal quality.
[0054] In some examples, UE 115-b may also deter-
mine which signal quality to use to determine whether
UE 115-b is in-sync or out-of-sync based on the perio-
dicities of the first type of reference signal and the second
type of reference signal. In one example, UE 115-b may
determine that a periodicity of the first type of reference
signal is greater than a periodicity threshold, and, in this
example, UE 115-b may determine whether the UE is in-
sync or out-of-sync based on the second signal quality.
In another example, UE 115-b may determine that a pe-
riodicity of the second type of reference signal is greater
than a periodicity threshold, and, in this example, UE
115-b may determine whether the UE is in-sync or out-
of-sync based on the first signal quality. At 535, after UE
115-b determines whether it is in-sync or out-of-sync for
communication with base station 105-b, UE 115-b may
communicate with base station 105-b based on the de-
termination of whether the UE is in-sync or out-of-sync.
[0055] FIG. 6 shows a block diagram 600 of a wireless
device 605 that supports RLM based on multiple refer-
ence signals in accordance with various aspects of the
present disclosure. Wireless device 605 may be an ex-
ample of aspects of a base station 105 as described here-
in. Wireless device 605 may include receiver 610, base
station communications manager 615, and transmitter
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620. Wireless device 605 may also include a processor.
Each of these components may be in communication with
one another (e.g., via one or more buses).
[0056] Receiver 610 may receive information such as
packets, user data, or control information associated with
various information channels (e.g., control channels, da-
ta channels, and information related to RLM based on
multiple reference signals, etc.). Information may be
passed on to other components of the device. The re-
ceiver 610 may be an example of aspects of the trans-
ceiver 935 described with reference to FIG. 9. The re-
ceiver 610 may utilize a single antenna or a set of anten-
nas.
[0057] Base station communications manager 615
may be an example of aspects of the base station com-
munications manager 915 described with reference to
FIG. 9. Base station communications manager 615
and/or at least some of its various sub-components may
be implemented in hardware, software executed by a
processor, firmware, or any combination thereof. If im-
plemented in software executed by a processor, the func-
tions of the base station communications manager 615
and/or at least some of its various sub-components may
be executed by a general-purpose processor, a digital
signal processor (DSP), an application-specific integrat-
ed circuit (ASIC), an field-programmable gate array (FP-
GA) or other programmable logic device, discrete gate
or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions
described in the present disclosure.
[0058] The base station communications manager 615
may receive, via receiver 610, information 650 such as
cell quality metrics from a UE. In some examples, the
cell quality metrics may be for different types of reference
signals. In one example, information 650 may include
cell quality metrics reported regarding a first type of ref-
erence signal. In another example, information 650 may
include cell quality metrics reported regarding a second
type of reference signal. The base station communica-
tions manager 615 may process the cell quality metrics
of the first and second types of reference signals to de-
termine which type of reference signal the UE is to be
configured to use. Base station communications manag-
er 615 may then transmit, via transmitter 620, an RLM
configuration 660 to the UE. The RLM configuration 660
may include an RLM function which may indicate to the
UE what reference signal types and thresholds are to be
used in RLM.
[0059] In one example, the wireless device 605 may
be a base station that may transmit reference signals
670, such as a first type of reference signal and a second
type of reference signal. The first type of reference signal
may be a synchronization signal (e.g., NR synchroniza-
tion signal (NR-SS)) and the second type of reference
signal may be a CSI-RS. Additionally, the first type of
reference signal may be a demodulation reference signal
and the second type of reference signal may be a UE-
specific reference signal. Further, the first type of refer-

ence signal may be a non-beamformed reference signal
(e.g., non-beamformed CSI-RS) and the second type of
reference signal may be a beamformed reference signal
(e.g., beamformed CSI-RS).
[0060] The wireless device 605 may also transmit an
indication of, a number of antenna ports for the UE to
use to receive these reference signals 670. In addition,
the base station may transmit an indication of resources
(e.g., time and frequency resources) for the UE to monitor
for these types of reference signals. Further, wireless
device 605 may also receive information 650 from the
UE. Information 650 may be associated with a signal
quality associated with the reference signals 670, such
as signal quality including, but not limited to, reference
signal received power (RSRP), reference signal received
quality (RSRQ), SNR, and so forth. Based on the re-
ceived information 650, the wireless device 605 may then
transmit to the UE an RLM configuration 660.
[0061] Base station communications manager 615
may transmit reference signals 670, including a first type
of reference signal and a second type of reference signal
associated with a cell, identify, for a UE served by the
base station, information 650 in the form of signal quality
metrics associated with at least one of the first type of
reference signal or the second type of reference signal,
and configure the UE to use the first type of reference
signal, the second type of reference signal, or both for
RLM based on the identified quality metrics.
[0062] The base station communications manager 615
and/or at least some of its various sub-components may
be physically located at various positions, including being
distributed such that portions of functions are implement-
ed at different physical locations by one or more physical
devices. In some examples, base station communica-
tions manager 615 and/or at least some of its various
sub-components may be a separate and distinct compo-
nent in accordance with various aspects of the present
disclosure. In other examples, base station communica-
tions manager 615 and/or at least some of its various
sub-components may be combined with one or more oth-
er hardware components, including but not limited to an
I/O component, a transceiver, a network server, another
computing device, one or more other components de-
scribed in the present disclosure, or a combination there-
of in accordance with various aspects of the present dis-
closure.
[0063] Transmitter 620 may transmit reference signals
and RLM configuration 660, some of which may be gen-
erated by other components of the device. In some ex-
amples, the transmitter 620 may be collocated with a
receiver 610 in a transceiver module. For example, the
transmitter 620 may be an example of aspects of the
transceiver 935 described with reference to FIG. 9. The
transmitter 620 may utilize a single antenna or a set of
antennas.
[0064] FIG. 7 shows a block diagram 700 of a wireless
device 705 that supports RLM based on multiple refer-
ence signals in accordance with various aspects of the
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present disclosure. Wireless device 705 may be an ex-
ample of aspects of a wireless device 605 or a base sta-
tion 105 as described with reference to FIG. 6. Wireless
device 705 may include receiver 710, base station com-
munications manager 715, and transmitter 720. Wireless
device 705 may also include a processor. Each of these
components may be in communication with one another
(e.g., via one or more buses).
[0065] Receiver 710 may receive information such as
packets, user data, or control information associated with
various information channels (e.g., control channels, da-
ta channels, and information related to RLM based on
multiple reference signals, etc.). Information may be
passed on to other components of the device. The re-
ceiver 710 may be an example of aspects of the trans-
ceiver 935 described with reference to FIG. 9. The re-
ceiver 710 may utilize a single antenna or a set of anten-
nas.
[0066] Base station communications manager 715
may be an example of aspects of the base station com-
munications manager 915 described with reference to
FIG. 9. Base station communications manager 715 may
include reference signal manager 725, signal quality met-
ric identifier 730, and RLM configuration manager 735.
[0067] Reference signal manager 725 may transmit
references signals 770 in the form of a first type of refer-
ence signal and a second type of reference signal asso-
ciated with a cell. In some cases, the first type of reference
signal includes a synchronization signal and the second
type of reference signal includes a channel state infor-
mation reference signal. In some cases, the first type of
reference signal includes a demodulation reference sig-
nal for a broadcast channel and the second type of ref-
erence signal includes a UE-specific reference signal. In
some cases, the first type of reference signal includes a
non-beamformed channel state information reference
signal and the second type of reference signal includes
a beamformed channel state information reference sig-
nal.
[0068] Signal quality metric identifier 730 may identify,
for a UE served by the base station, signal quality metrics
associated with at least one of the first type of reference
signal or the second type of reference signal. The signal
quality metrics may be received as information 750.
[0069] RLM configuration manager 735 may configure
the UE to use the first type of reference signal, the second
type of reference signal, or both for RLM based on the
identified quality metrics. Thus, RLM configuration man-
ager 735 may transmit, via transmitter 720, an RLM con-
figuration 760 to the UE. In some cases, RLM configu-
ration manager 735 may determine that the signal quality
metric for the first type of reference signal is below a
threshold. In some cases, RLM configuration manager
735 may configure the UE to use the first type of reference
signal and the second type of reference signal for the
RLM based on determining that the signal quality metric
for the first type of reference signal is below the threshold.
In some cases, RLM configuration manager 735 may de-

termine that the signal quality metric associated with the
first type of reference signal is above a threshold. In some
cases, RLM configuration manager 735 may configure
the UE to use the first type of reference signal for the
RLM based on determining that the signal quality metric
for the first type of reference signal is above the threshold.
[0070] In some cases, RLM configuration manager
735 may compare a difference between the signal quality
metric associated with the first type of reference signal
and the signal quality metric associated with the second
type of reference signal to a threshold. In some cases,
RLM configuration manager 735 may configure the UE
to use the first type of reference signal, the second type
of reference signal, or both for RLM based on a result of
the comparing the difference to the threshold. In some
cases, RLM configuration manager 735 may determine,
based on the first and second signal quality metrics, a
first cell quality metric associated with the first type of
reference signal and a second cell quality metric associ-
ated with the second type of reference signal, where the
first and second cell quality metrics include L3 mobility
metrics. In some cases, RLM configuration manager 735
may compare a difference between the first cell quality
metric associated with the first type of reference signal
and the second cell quality metric associated with the
second type of reference signal to a threshold. In some
cases, RLM configuration manager 735 may configure
the UE to use the first type of reference signal, the second
type of reference signal, or both for the RLM based on a
result of the comparing the difference to the threshold.
[0071] In some cases, RLM configuration manager
735 may measure a signal quality of the first type of SRS,
determine that the measured signal quality of the first
type of SRS is below a signal quality threshold, configure
the UE to use the second type of reference signal for
RLM based on determining that the measured signal
quality of the first type of SRS is below the signal quality
threshold. In some cases, RLM configuration manager
735 may configure the UE to use the second type of ref-
erence signal for the RLM when the UE is operating in a
DRX mode.
[0072] Transmitter 720 may transmit signals generat-
ed by other components of the device. In some examples,
the transmitter 720 may be collocated with a receiver 710
in a transceiver module. For example, the transmitter 720
may be an example of aspects of the transceiver 935
described with reference to FIG. 9. The transmitter 720
may utilize a single antenna or a set of antennas.
[0073] FIG. 8 shows a block diagram 800 of a base
station communications manager 815 that supports RLM
based on multiple reference signals in accordance with
various aspects of the present disclosure. The base sta-
tion communications manager 815 may be an example
of aspects of a base station communications manager
615, a base station communications manager 715, or a
base station communications manager 915 described
with reference to FIGs. 6, 7, and 9. The base station
communications manager 815 may include reference
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signal manager 820, signal quality metric identifier 825,
RLM configuration manager 830, UE reporting manager
835, SRS manager 840, antenna port configuration man-
ager 845, and resource manager 850. Each of these
modules may communicate, directly or indirectly, with
one another (e.g., via one or more buses).
[0074] Reference signal manager 820 may transmit a
first type of reference signal and a second type of refer-
ence signal associated with a cell. In some cases, the
first type of reference signal includes a synchronization
signal and the second type of reference signal includes
a channel state information reference signal. In some
cases, the first type of reference signal includes a de-
modulation reference signal for a broadcast channel and
the second type of reference signal includes a UE-spe-
cific reference signal. In some cases, the first type of
reference signal includes a non-beamformed channel
state information reference signal and the second type
of reference signal includes a beamformed channel state
information reference signal. Signal quality metric iden-
tifier 825 may identify, for a UE served by the base station,
signal quality metrics associated with at least one of the
first type of reference signal or the second type of refer-
ence signal.
[0075] RLM configuration manager 830 may configure
the UE to use the first type of reference signal, the second
type of reference signal, or both for RLM based on the
identified quality metrics. In some cases, RLM configu-
ration manager 830 may determine that the signal quality
metric for the first type of reference signal is below a
threshold. In some cases, RLM configuration manager
830 may configure the UE to use the first type of reference
signal and the second type of reference signal for the
RLM based on determining that the signal quality metric
for the first type of reference signal is below the threshold.
In some cases, RLM configuration manager 830 may de-
termine that the signal quality metric associated with the
first type of reference signal is above a threshold. In some
cases, RLM configuration manager 830 may configure
the UE to use the first type of reference signal for the
RLM based on determining that the signal quality metric
for the first type of reference signal is above the threshold.
[0076] In some cases, RLM configuration manager
830 may compare a difference between the signal quality
metric associated with the first type of reference signal
and the signal quality metric associated with the second
type of reference signal to a threshold. In some cases,
RLM configuration manager 830 may configure the UE
to use the first type of reference signal, the second type
of reference signal, or both for RLM based on a result of
the comparing the difference to the threshold. In some
cases, RLM configuration manager 830 may determine,
based on the first and second signal quality metrics, a
first cell quality metric associated with the first type of
reference signal and a second cell quality metric associ-
ated with the second type of reference signal, where the
first and second cell quality metrics include L3 mobility
metrics. In some cases, RLM configuration manager 830

may compare a difference between the first cell quality
metric associated with the first type of reference signal
and the second cell quality metric associated with the
second type of reference signal to a threshold. In some
cases, RLM configuration manager 830 may configure
the UE to use the first type of reference signal, the second
type of reference signal, or both for the RLM based on a
result of the comparing the difference to the threshold.
In some cases, RLM configuration manager 830 may
configure the UE to use the second type of reference
signal for the RLM when the UE is operating in a DRX
mode.
[0077] SRS manager 840 may configure the UE to
transmit a first type of SRS derived from reception of the
first type of reference signal and receive the first type of
SRS from the UE. In some cases, a set of antenna ports
used to receive the first type of SRS is quasi co-located
with a set of antenna ports used to transmit the first type
of reference signal. In some cases, RLM configuration
manager 830 may measure a signal quality of the first
type of SRS, determine that the measured signal quality
of the first type of SRS is below a signal quality threshold,
configure the UE to use the second type of reference
signal for RLM based on determining that the measured
signal quality of the first type of SRS is below the signal
quality threshold.
[0078] UE reporting manager 835 may configure the
UE to report a signal quality of the first type of reference
signal and a signal quality of the second type of reference
signal, where the signal quality metric for the first type of
reference signal is identified based on receiving one or
more reports of the signal quality of the first type of ref-
erence signal from the UE. Antenna port configuration
manager 845 may transmit an indication of an antenna
port configuration for the first type of reference signal and
the second type of reference signal. Resource manager
850 may transmit an indication of resources for the UE
to monitor for the first type of reference signal and the
second type of reference signal.
[0079] FIG. 9 shows a diagram of a system 900 includ-
ing a device 905 that supports RLM based on multiple
reference signals in accordance with various aspects of
the present disclosure. Device 905 may be an example
of or include the components of wireless device 605, wire-
less device 705, or a base station 105 as described
above, e.g., with reference to FIGs. 6 and 7. Device 905
may include components for bi-directional voice and data
communications including components for transmitting
and receiving communications, including base station
communications manager 915, processor 920, memory
925, software 930, transceiver 935, antenna 940, net-
work communications manager 945, and inter-station
communications manager 950. These components may
be in electronic communication via one or more buses
(e.g., bus 910). Device 905 may communicate wirelessly
with one or more UEs 115.
[0080] Processor 920 may include an intelligent hard-
ware device, (e.g., a general-purpose processor, a DSP,
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a central processing unit (CPU), a microcontroller, an
ASIC, an FPGA, a programmable logic device, a discrete
gate or transistor logic component, a discrete hardware
component, or any combination thereof). In some cases,
processor 920 may be configured to operate a memory
array using a memory controller. In other cases, a mem-
ory controller may be integrated into processor 920. Proc-
essor 920 may be configured to execute computer-read-
able instructions stored in a memory to perform various
functions (e.g., functions or tasks supporting RLM based
on multiple reference signals).
[0081] Memory 925 may include random access mem-
ory (RAM) and read only memory (ROM). The memory
925 may store computer-readable, computer-executable
software 930 including instructions that, when executed,
cause the processor to perform various functions de-
scribed herein. In some cases, the memory 925 may con-
tain, among other things, a basic input/output system (BI-
OS) which may control basic hardware or software op-
eration such as the interaction with peripheral compo-
nents or devices.
[0082] Software 930 may include code to implement
aspects of the present disclosure, including code to sup-
port RLM based on multiple reference signals. Software
930 may be stored in a non-transitory computer-readable
medium such as system memory or other memory. In
some cases, the software 930 may not be directly exe-
cutable by the processor but may cause a computer (e.g.,
when compiled and executed) to perform functions de-
scribed herein.
[0083] Transceiver 935 may communicate bi-direc-
tionally, via one or more antennas, wired, or wireless links
as described above. For example, the transceiver 935
may represent a wireless transceiver and may commu-
nicate bi-directionally with another wireless transceiver.
The transceiver 935 may also include a modem to mod-
ulate the packets and provide the modulated packets to
the antennas for transmission, and to demodulate pack-
ets received from the antennas.
[0084] In some cases, the wireless device may include
a single antenna 940. However, in some cases the device
may have more than one antenna 940, which may be
capable of concurrently transmitting or receiving multiple
wireless transmissions. Network communications man-
ager 945 may manage communications with the core net-
work (e.g., via one or more wired backhaul links). For
example, the network communications manager 945
may manage the transfer of data communications for cli-
ent devices, such as one or more UEs 115.
[0085] Inter-station communications manager 950
may manage communications with other base station
105, and may include a controller or scheduler for con-
trolling communications with UEs 115 in cooperation with
other base stations 105. For example, the inter-station
communications manager 950 may coordinate schedul-
ing for transmissions to UEs 115 for various interference
mitigation techniques such as beamforming or joint trans-
mission. In some examples, inter-station communica-

tions manager 950 may provide an X2 interface within
an LTE/LTE-A wireless communication network technol-
ogy to provide communication between base stations
105.
[0086] FIG. 10 shows a block diagram 1000 of a wire-
less device 1005 that supports RLM based on multiple
reference signals in accordance with various aspects of
the present disclosure. Wireless device 1005 may be an
example of aspects of a UE 115 as described herein.
Wireless device 1005 may include receiver 1010, UE
communications manager 1015, and transmitter 1020.
Wireless device 1005 may also include a processor.
Each of these components may be in communication with
one another (e.g., via one or more buses).
[0087] Receiver 1010 may receive information such as
packets, user data, or control information associated with
various information channels (e.g., control channels, da-
ta channels, and information related to RLM based on
multiple reference signals, etc.). Information may be
passed on to other components of the device. The re-
ceiver 1010 may be an example of aspects of the trans-
ceiver 1235 described with reference to FIG. 12. The
receiver 1010 may utilize a single antenna or a set of
antennas.
[0088] UE communications manager 1015 may be an
example of aspects of the UE communications manager
1215 described with reference to FIG. 12. UE communi-
cations manager 1015 and/or at least some of its various
sub-components may be implemented in hardware, soft-
ware executed by a processor, firmware, or any combi-
nation thereof. If implemented in software executed by a
processor, the functions of the UE communications man-
ager 1015 and/or at least some of its various sub-com-
ponents may be executed by a general-purpose proces-
sor, a DSP, an ASIC, an FPGA or other programmable
logic device, discrete gate or transistor logic, discrete
hardware components, or any combination thereof de-
signed to perform the functions described in the present
disclosure.
[0089] The UE communications manager 1015 and/or
at least some of its various sub-components may be
physically located at various positions, including being
distributed such that portions of functions are implement-
ed at different physical locations by one or more physical
devices. In some examples, UE communications man-
ager 1015 and/or at least some of its various sub-com-
ponents may be a separate and distinct component in
accordance with various aspects of the present disclo-
sure. In other examples, UE communications manager
1015 and/or at least some of its various sub-components
may be combined with one or more other hardware com-
ponents, including but not limited to an I/O component,
a transceiver, a network server, another computing de-
vice, one or more other components described in the
present disclosure, or a combination thereof in accord-
ance with various aspects of the present disclosure.
[0090] UE communications manager 1015 may re-
ceive reference signals 1060, from a base station serving
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the UE, the reference signals 1060 including a first type
of reference signal and a second type of reference signal.
UE communications manager 1015 may also receive,
from the base station, an RLM configuration 1070 includ-
ing a first signal quality threshold and an indicator that
the UE is to apply, in an RLM function, the first signal
quality threshold to at least one of the first type of refer-
ence signal or the second type of reference signal. UE
communications manager 1015 may then determine a
first signal quality of the first type of reference signal and
a second signal quality of the second type of reference
signal, determine whether the UE is in-sync or out-of-
sync for communication with the base station based on
the RLM function and at least one of the first signal quality
or the second signal quality, and communicate with the
base station based on the determination of whether the
UE is in-sync or out-of-sync. In some cases, the commu-
nications with the base station may include the transmis-
sion of signal quality information 1080). The RLM con-
figuration may include an RLM function which may indi-
cate what reference signal types and thresholds to use
in RLM.
[0091] Transmitter 1020 may transmit signals gener-
ated by other components of the device. In some exam-
ples, the transmitter 1020 may be collocated with a re-
ceiver 1010 in a transceiver module. For example, the
transmitter 1020 may be an example of aspects of the
transceiver 1235 described with reference to FIG. 12.
The transmitter 1020 may utilize a single antenna or a
set of antennas.
[0092] In one example, the wireless device 1005 may
be a UE that may receive reference signals 1060 from a
base station, such as a first type of reference signal and
a second type of reference signal. The first type of refer-
ence signal may be a synchronization signal (e.g., NR
synchronization signal (NR-SS)) and the second type of
reference signal may be a CSI-RS. Additionally, the first
type of reference signal may be a demodulation refer-
ence signal and the second type of reference signal may
be a UE-specific reference signal. Further, the first type
of reference signal may be a non-beamformed reference
signal (e.g., non-beamformed CSI-RS) and the second
type of reference signal may be a beamformed reference
signal (e.g., beamformed CSI-RS).
[0093] The UE may then perform RLM based on one
or both of the received signals. In some cases, the RLM
may be based on signal quality metrics associated with
the different types of reference signals received by the
UE. Additionally, the UE may transmit signal quality in-
formation 1080, such as signal quality including, but not
limited to, reference signal received power (RSRP), ref-
erence signal received quality (RSRQ), SNR, and so
forth.
[0094] FIG. 11 shows a block diagram 1100 of a wire-
less device 1105 that supports RLM based on multiple
reference signals in accordance with various aspects of
the present disclosure. Wireless device 1105 may be an
example of aspects of a wireless device 1005 or a UE

115 as described with reference to FIG. 10. Wireless de-
vice 1105 may include receiver 1110, UE communica-
tions manager 1115, and transmitter 1120. Wireless de-
vice 1105 may also include a processor. Each of these
components may be in communication with one another
(e.g., via one or more buses).
[0095] Receiver 1110 may receive information such as
packets, user data, or control information associated with
various information channels (e.g., control channels, da-
ta channels, and information related to RLM based on
multiple reference signals, etc.). Information may be
passed on to other components of the device. The re-
ceiver 1110 may be an example of aspects of the trans-
ceiver 1235 described with reference to FIG. 12. The
receiver 1110 may utilize a single antenna or a set of
antennas.
[0096] UE communications manager 1115 may be an
example of aspects of the UE communications manager
1215 described with reference to FIG. 12. UE communi-
cations manager 1115 may include reference signal
manager 1125, RLM configuration manager 1130, signal
quality determiner 1135, and RLM manager 1140.
[0097] Reference signal manager 1125 may receive,
from a base station serving the UE, reference signals
1160 including a first type of reference signal and a sec-
ond type of reference signal. In some cases, the first type
of reference signal includes a synchronization signal and
the second type of reference signal includes a channel
state information reference signal. In some cases, the
first type of reference signal includes a demodulation ref-
erence signal for a broadcast channel and the second
type of reference signal includes a UE-specific reference
signal. In some cases, the first type of reference signal
includes a non-beamformed channel state information
reference signal and the second type of reference signal
includes a beamformed channel state information refer-
ence signal. RLM configuration manager 1130 may re-
ceive, from the base station, an RLM configuration 1170
including a first signal quality threshold and an indicator
that the UE is to apply, in an RLM function, the first signal
quality threshold to at least one of the first type of refer-
ence signal or the second type of reference signal. The
RLM configuration 1170 may include an RLM function
which may indicate what reference signal types and
thresholds to use in RLM. Signal quality determiner 1135
may determine a first signal quality of the first type of
reference signal and a second signal quality of the sec-
ond type of reference signal.
[0098] RLM manager 1140 may determine whether the
UE is in-sync or out-of-sync for communication with the
base station based on the RLM function and at least one
of the first signal quality or the second signal quality. RLM
manager 1140 may then communicate with the base sta-
tion based on the determination of whether the UE is in-
sync or out-of-sync. In some cases, RLM manager 1140
may determine a maximum signal quality of the first signal
quality and the second signal quality and determine
whether the UE is in-sync or out-of-sync based on com-
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paring the maximum signal quality to the first signal qual-
ity threshold. In some cases, RLM manager 1140 may
determine a minimum block error rate based on the first
signal quality and the second signal quality and deter-
mine whether the UE is in-sync or out-of-sync based on
comparing the minimum block error rate to a configured
block error rate threshold. In some cases, RLM manager
1140 may combine the first signal quality and the second
signal quality and determine whether the UE is in-sync
or out-of-sync based on comparing the combined signal
quality to the first signal quality threshold. In some cases,
the signal quality information 1180 may be reported to
the base station.
[0099] In some cases, the RLM configuration 1170 in-
cludes a second signal quality threshold, and determining
whether the UE is in-sync or out-of-sync includes deter-
mining that the UE is out-of-sync based on determining
that the first signal quality is below the first signal quality
threshold, or determining that the UE is out-of-sync
based on determining that the first signal quality is below
the first signal quality threshold and the second signal
quality is below the second signal quality threshold. In
some cases, the RLM configuration 1170 includes a sec-
ond signal quality threshold, and determining whether
the UE is in-sync or out-of-sync includes determining that
the UE is in-sync based on determining that the first signal
quality is above the first signal quality threshold, or de-
termining that the UE is in-sync based on determining
that the first signal quality is above the first signal quality
threshold, or the second signal quality is above the sec-
ond signal quality threshold, or both.
[0100] In some cases, RLM manager 1140 may deter-
mine that a periodicity of the first type of reference signal
is greater than a periodicity threshold and determine
whether the UE is in-sync or out-of-sync based on the
second signal quality. In some cases, RLM manager
1140 may determine that a periodicity of the second type
of reference signal is greater than a periodicity threshold
and determine whether the UE is in-sync or out-of-sync
based on the first signal quality.
[0101] Transmitter 1120 may transmit signals gener-
ated by other components of the device. In some exam-
ples, the transmitter 1120 may be collocated with a re-
ceiver 1110 in a transceiver module. For example, the
transmitter 1120 may be an example of aspects of the
transceiver 1235 described with reference to FIG. 12.
The transmitter 1120 may utilize a single antenna or a
set of antennas.
[0102] FIG. 12 shows a diagram of a system 1200 in-
cluding a device 1205 that supports RLM based on mul-
tiple reference signals in accordance with various as-
pects of the present disclosure. Device 1205 may be an
example of or include the components of UE 115 as de-
scribed above, e.g., with reference to FIG. 1. Device 1205
may include components for bi-directional voice and data
communications including components for transmitting
and receiving communications, including UE communi-
cations manager 1215, processor 1220, memory 1225,

software 1230, transceiver 1235, antenna 1240, and I/O
controller 1245. These components may be in electronic
communication via one or more buses (e.g., bus 1210).
Device 1205 may communicate wirelessly with one or
more base stations 105.
[0103] Processor 1220 may include an intelligent hard-
ware device, (e.g., a general-purpose processor, a DSP,
a CPU, a microcontroller, an ASIC, an FPGA, a program-
mable logic device, a discrete gate or transistor logic
component, a discrete hardware component, or any com-
bination thereof). In some cases, processor 1220 may
be configured to operate a memory array using a memory
controller. In other cases, a memory controller may be
integrated into processor 1220. Processor 1220 may be
configured to execute computer-readable instructions
stored in a memory to perform various functions (e.g.,
functions or tasks supporting RLM based on multiple ref-
erence signals).
[0104] Memory 1225 may include RAM and ROM. The
memory 1225 may store computer-readable, computer-
executable software 1230 including instructions that,
when executed, cause the processor to perform various
functions described herein. In some cases, the memory
1225 may contain, among other things, a BIOS which
may control basic hardware or software operation such
as the interaction with peripheral components or devices.
[0105] Software 1230 may include code to implement
aspects of the present disclosure, including code to sup-
port RLM based on multiple reference signals. Software
1230 may be stored in a non-transitory computer-read-
able medium such as system memory or other memory.
In some cases, the software 1230 may not be directly
executable by the processor but may cause a computer
(e.g., when compiled and executed) to perform functions
described herein.
[0106] Transceiver 1235 may communicate bi-direc-
tionally, via one or more antennas, wired, or wireless links
as described above. For example, the transceiver 1235
may represent a wireless transceiver and may commu-
nicate bi-directionally with another wireless transceiver.
The transceiver 1235 may also include a modem to mod-
ulate the packets and provide the modulated packets to
the antennas for transmission, and to demodulate pack-
ets received from the antennas.
[0107] In some cases, the wireless device may include
a single antenna 1240. However, in some cases the de-
vice may have more than one antenna 1240, which may
be capable of concurrently transmitting or receiving mul-
tiple wireless transmissions.
[0108] I/O controller 1245 may manage input and out-
put signals for device 1205. I/O controller 1245 may also
manage peripherals not integrated into device 1205. In
some cases, I/O controller 1245 may represent a physical
connection or port to an external peripheral. In some cas-
es, I/O controller 1245 may utilize an operating system
such as iOS®, ANDROID®, MS-DOS®, MS-WINDOWS®,
OS/29, UNIXO, LINUX®, or another known operating
system. In other cases, I/O controller 1245 may represent
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or interact with a modem, a keyboard, a mouse, a touch-
screen, or a similar device. In some cases, I/O controller
1245 may be implemented as part of a processor. In
some cases, a user may interact with device 1205 via
I/O controller 1245 or via hardware components control-
led by I/O controller 1245.
[0109] FIG. 13 shows a flowchart illustrating a method
1300 for a wireless device that supports RLM based on
multiple reference signals in accordance with various as-
pects of the present disclosure. The operations of method
1300 is implemented by a UE or its components as de-
scribed herein. For example, the operations of method
1300 is performed by a UE as described with reference
to FIGs. 2 through 5. In some examples, a wireless device
may be an example of aspects of a UE 115 as described
herein. Wireless devices may include at least a receiver,
a UE communications manager, and a transmitter. Wire-
less devices may also include a processor. Each of these
components may be in communication with one another
(e.g., via one or more buses).
[0110] At block 1305 the UE receives from a base sta-
tion serving the UE, a first type of reference signal and
a second type of reference signal. The first type of refer-
ence signal the base station receives may be a synchro-
nization signal (e.g., NR synchronization signal (NR-SS))
and the second type of reference signal the base station
receives may be a CSI-RS. Additionally, the first type of
reference signal may be a demodulation reference signal
and the second type of reference signal may be a UE-
specific reference signal. Further, the first type of refer-
ence signal may be a non-beamformed reference signal
(e.g., non-beamformed CSI-RS) and the second type of
reference signal may be a beamformed reference signal
(e.g., beamformed CSI-RS). The operations of block
1305 are performed according to the methods described
herein. In certain examples, aspects of the operations of
block 1305 are performed by a receiver and/or the refer-
ence signal manager as described with reference to FIG.
11. The first and second type of reference signals are
received by the receiver which may be part of a trans-
ceiver in the UE. The receiver may use a single antenna
or a set of antennas.
[0111] At block 1310, the UE receives, from the base
station, a radio link monitoring (RLM) configuration com-
prising a first signal quality threshold and an indicator
that the UE is to apply, in an RLM function, the first signal
quality threshold to at least one of the first type of refer-
ence signal or the second type of reference signal. The
operations of block 1310 are performed according to the
methods described herein. In certain examples, aspects
of the operations of block 1310 are performed by a re-
ceiver and/or the reference signal manager as described
with reference to FIG. 11. In one example, the RLM con-
figuration includes an RLM function. In the RLM function,
the UEdetermines a maximum signal quality of the first
signal quality and the second signal quality, and the UE
determines whether the UE is in-sync or out-of-sync
based on comparing the maximum signal quality (e.g.,

over a specified duration) to a signal quality threshold
(e.g., which is a preconfigured threshold or may be con-
figured by base station).
[0112] At block 1315 the UE determines a first signal
quality of the first type of reference signal and a second
signal quality of the second type of reference signal. The
first and second signal quality for the first type of refer-
ence signal and/or the second type of reference signal
may be, in one example, the reference signal received
power (RSRP), reference signal received quality
(RSRQ), SNR, and so forth. In some cases, the RLM
configuration to determine signal quality may be a con-
figuration of lower layers (e.g., layer 1 (L1) or layer 2 (L2))
responsible for beam management at the UE. In other
cases, the RLM configuration to determine signal quality
may be a configuration of upper layers (e.g., layer 3 (L3))
responsible for mobility at the UE. The operations of block
1315 are performed according to the methods described
herein. In certain examples, aspects of the operations of
block 1315 may be performed by a signal quality deter-
miner component as described with reference to FIG. 11.
[0113] At block 1320 the UE determines whether the
UE is in-sync or out-of-sync for communication with the
base station based at least in part on the RLM function
and at least one of the first signal quality or the second
signal quality. The operations of block 1320 is performed
according to the methods described herein. In certain
examples, aspects of the operations of block 1320 is per-
formed by an RLM manager as described with reference
to FIG. 11. Stated generally, determining whether the UE
may be in-sync or out-of-sync includes determining that
the UE is out-of-sync based at least in part on determining
that the first signal quality is below the first signal quality
threshold and the second signal quality is below the sec-
ond signal quality threshold.
[0114] At block 1325 the UE communicates with the
base station based at least in part on the determination
of whether the UE is in-sync or out-of-sync. The opera-
tions of block 1325 is performed according to the methods
described herein. In certain examples, aspects of the op-
erations of block 1325 is performed by an RLM manager
as described with reference to FIG. 11. Generally, the
LTE determines whether it is in-sync or out-of-sync for
communication with base station based on the RLM con-
figuration received from base station and both the first
signal quality, and the second signal quality..
[0115] It should be noted that the methods described
above describe possible implementations, and that the
operations and the steps may be rearranged or otherwise
modified and that other implementations are possible.
Further, aspects from two or more of the methods may
be combined.
Techniques described herein may be used for various
wireless communications systems such as code division
multiple access (CDMA), time division multiple access
(TDMA), frequency division multiple access (FDMA), or-
thogonal frequency division multiple access (OFDMA),
single carrier frequency division multiple access (SC-FD-
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MA), and other systems. A CDMA system may implement
a radio technology such as CDMA2000, Universal Ter-
restrial Radio Access (UTRA), etc. CDMA2000 covers
IS-2000, IS-95, and IS-856 standards. IS-2000 Releases
may be commonly referred to as CDMA2000 1X, 1X, etc.
IS-856 (TIA-856) is commonly referred to as CDMA2000
13EV-DO, High Rate Packet Data (HRPD), etc. UTRA
includes Wideband CDMA (WCDMA) and other variants
of CDMA. A TDMA system may implement a radio tech-
nology such as Global System for Mobile Communica-
tions (GSM).
[0116] An OFDMA system may implement a radio
technology such as Ultra Mobile Broadband (UMB),
Evolved UTRA (E-UTRA), Institute of Electrical and Elec-
tronics Engineers (IEEE) 802.11 (Wi-Fi), IEEE 802.16
(WiMAX), IEEE 802.20, Flash-OFDM, etc. UTRA and E-
UTRA are part of Universal Mobile Telecommunications
System (UMTS). LTE and LTE-A are releases of UMTS
that use E-UTRA. UTRA, E-UTRA, UMTS, LTE, LTE-A,
NR, and GSM are described in documents from the or-
ganization named "3rd Generation Partnership Project"
(3GPP). CDMA2000 and UMB are described in docu-
ments from an organization named "3rd Generation Part-
nership Project 2" (3GPP2). The techniques described
herein may be used for the systems and radio technolo-
gies mentioned above as well as other systems and radio
technologies. While aspects of an LTE or a 5G system
may be described for purposes of example, and LTE or
5G terminology may be used in much of the description,
the techniques described herein are applicable beyond
LTE or 5G applications.
[0117] A macro cell generally covers a relatively large
geographic area (e.g., several kilometers in radius) and
may allow unrestricted access by UEs 115 with service
subscriptions with the network provider. A small cell may
be associated with a lower-powered base station 105,
as compared with a macro cell, and a small cell may
operate in the same or different (e.g., licensed, unli-
censed, etc.) frequency bands as macro cells. Small cells
may include pico cells, femto cells, and micro cells ac-
cording to various examples. A pico cell, for example,
may cover a small geographic area and may allow unre-
stricted access by UEs 115 with service subscriptions
with the network provider. A femto cell may also cover a
small geographic area (e.g., a home) and may provide
restricted access by UEs 115 having an association with
the femto cell (e.g., UEs 115 in a closed subscriber group
(CSG), UEs 115 for users in the home, and the like). An
eNB for a macro cell may be referred to as a macro eNB.
An eNB for a small cell may be referred to as a small cell
eNB, a pico eNB, a femto eNB, or a home eNB. An eNB
may support one or multiple (e.g., two, three, four, and
the like) cells, and may also support communications us-
ing one or multiple component carriers.
[0118] The wireless communications system 100 or
systems described herein may support synchronous or
asynchronous operation. For synchronous operation, the
base stations 105 may have similar frame timing, and

transmissions from different base stations 105 may be
approximately aligned in time. For asynchronous opera-
tion, the base stations 105 may have different frame tim-
ing, and transmissions from different base stations 105
may not be aligned in time. The techniques described
herein may be used for either synchronous or asynchro-
nous operations.
[0119] Information and signals described herein may
be represented using any of a variety of different tech-
nologies and techniques. For example, data, instruc-
tions, commands, information, signals, bits, symbols,
and chips that may be referenced throughout the above
description may be represented by voltages, currents,
electromagnetic waves, magnetic fields or particles, op-
tical fields or particles, or any combination thereof.
[0120] The various illustrative blocks and modules de-
scribed in connection with the disclosure herein may be
implemented or performed with a general-purpose proc-
essor, a digital signal processor (DSP), an application-
specific integrated circuit (ASIC), a field-programmable
gate array (FPGA) or other programmable logic device
(PLD), discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to per-
form the functions described herein. A general-purpose
processor may be a microprocessor, but in the alterna-
tive, the processor may be any conventional processor,
controller, microcontroller, or state machine. A processor
may also be implemented as a combination of computing
devices (e.g., a combination of a DSP and a microproc-
essor, multiple microprocessors, one or more microproc-
essors in conjunction with a DSP core, or any other such
configuration).
[0121] The functions described herein may be imple-
mented in hardware, software executed by a processor,
firmware, or any combination thereof. If implemented in
software executed by a processor, the functions may be
stored on or transmitted over as one or more instructions
or code on a computer-readable medium. Other exam-
ples and implementations are within the scope of the dis-
closure and appended claims. For example, due to the
nature of software, functions described above can be im-
plemented using software executed by a processor,
hardware, firmware, hardwiring, or combinations of any
of these. Features implementing functions may also be
physically located at various positions, including being
distributed such that portions of functions are implement-
ed at different physical locations.
[0122] Computer-readable media includes both non-
transitory computer storage media and communication
media including any medium that facilitates transfer of a
computer program from one place to another. A non-
transitory storage medium may be any available medium
that can be accessed by a general purpose or special
purpose computer. By way of example, and not limitation,
non-transitory computer-readable media may comprise
random-access memory (RAM), read-only memory
(ROM), electrically erasable programmable read only
memory (EEPROM), flash memory, compact disk (CD)
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ROM or other optical disk storage, magnetic disk storage
or other magnetic storage devices, or any other non-tran-
sitory medium that can be used to carry or store desired
program code means in the form of instructions or data
structures and that can be accessed by a general-pur-
pose or special-purpose computer, or a general-purpose
or special-purpose processor. Also, any connection is
properly termed a computer-readable medium. For ex-
ample, if the software is transmitted from a website, serv-
er, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and micro-
wave, then the coaxial cable, fiber optic cable, twisted
pair, DSL, or wireless technologies such as infrared, ra-
dio, and microwave are included in the definition of me-
dium. Disk and disc, as used herein, include CD, laser
disc, optical disc, digital versatile disc (DVD), floppy disk
and Blu-ray disc where disks usually reproduce data
magnetically, while discs reproduce data optically with
lasers. Combinations of the above are also included with-
in the scope of computer-readable media.
[0123] As used herein, including in the claims, "or" as
used in a list of items (e.g., a list of items prefaced by a
phrase such as "at least one of" or "one or more of’) in-
dicates an inclusive list such that, for example, a list of
at least one of A, B, or C means A or B or C or AB or AC
or BC or ABC (e.g., A and B and C). Also, as used herein,
the phrase "based on" shall not be construed as a refer-
ence to a closed set of conditions. For example, an ex-
emplary step that is described as "based on condition
A" may be based on both a condition A and a condition
B without departing from the scope of the present disclo-
sure. In other words, as used herein, the phrase "based
on" shall be construed in the same manner as the
phrase "based at least in part on."
[0124] In the appended figures, similar components or
features may have the same reference label. Further,
various components of the same type may be distin-
guished by following the reference label by a dash and
a second label that distinguishes among the similar com-
ponents. If just the first reference label is used in the
specification, the description is applicable to any one of
the similar components having the same first reference
label irrespective of the second reference label, or other
subsequent reference label.
[0125] The description set forth herein, in connection
with the appended drawings, describes example config-
urations and does not represent all the examples that
may be implemented or that are within the scope of the
claims. The term "exemplary" used herein means "serv-
ing as an example, instance, or illustration," and not "pre-
ferred" or "advantageous over other examples." The de-
tailed description includes specific details for the purpose
of providing an understanding of the described tech-
niques. These techniques, however, may be practiced
without these specific details. In some instances, well-
known structures and devices are shown in block dia-
gram form in order to avoid obscuring the concepts of

the described examples.
[0126] The scope of protection of the invention is de-
fined in the appended set of claims.

Claims

1. A method (1300) for wireless communication per-
formed by a user equipment, UE (115) comprising:

receiving (1305), from a base station (105) serv-
ing the UE (115), a first type of reference signal
and a second type of reference signal, wherein
the first type of reference signal is different from
the second type of reference signal;
receiving (1310), from the base station (105), a
radio link monitoring, RLM, configuration com-
prising a first signal quality threshold and an in-
dicator that the UE is to apply, in an RLM func-
tion, the first signal quality threshold to both of
the first type of reference signal and the second
type of reference signal;
determining (1315) a first signal quality of the
first type of reference signal and a second signal
quality of the second type of reference signal;
determining (1320) that the UE is out-of-sync for
communication with the base station when both
the first signal quality and the second signal
quality are below the first signal quality thresh-
old; and
recovering (1325) communication with the base
station based at least in part on the determina-
tion that the UE is out-of-sync.

2. The method of claim 1, wherein determining that the
UE is out-of-synch further comprises:

determining a higher of the first signal quality
and the second signal quality; and
determining that the UE is out-of-sync based at
least in part on the higher of the first signal quality
and the second signal quality being below the
first signal quality threshold.

3. The method of claim 1, further comprising:

determining that a periodicity of the first type of
reference signal is greater than a periodicity
threshold; and
determining whether the UE is in-sync or out-of-
sync based at least in part on the second signal
quality.

4. The method of claim 1, further comprising:

determining that a periodicity of the second type
of reference signal is greater than a periodicity
threshold; and
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determining whether the UE is in-sync or out-of-
sync based at least in part on the first signal
quality.

5. The method of claim 1, wherein the RLM configura-
tion comprises a second signal quality threshold, and
wherein determining whether the UE is in-sync or
out-of-sync comprises:

determining that the UE is out-of-sync based at
least in part on determining that the first signal
quality is below the first signal quality threshold;
or
determining that the UE is out-of-sync based at
least in part on determining that the first signal
quality is below the first signal quality threshold
and the second signal quality is below the sec-
ond signal quality threshold, when the UE is op-
erating in the C-DRX mode.

6. The method of claim 1, wherein the RLM configura-
tion comprises a second signal quality threshold, and
wherein determining whether the UE is in-sync or
out-of-sync comprises:

determining that the UE is in-sync based at least
in part on determining that the first signal quality
is above the first signal quality threshold; or
determining that the UE is in-sync based at least
in part on determining that the first signal quality
is above the first signal quality threshold, or the
second signal quality is above the second signal
quality threshold, or both.

7. The method of claim 1, wherein the first type of ref-
erence signal comprises a synchronization signal
and the second type of reference signal comprises
a channel state information reference signal.

8. The method of claim 1, wherein the first type of ref-
erence signal comprises a demodulation reference
signal for a broadcast channel and the second type
of reference signal comprises a UE-specific refer-
ence signal.

9. The method of claim 1, wherein the first type of ref-
erence signal comprises a non-beamformed chan-
nel state information reference signal and the second
type of reference signal comprises a beamformed
channel state information reference signal.

10. A user equipment, UE, for wireless communication,
comprising:

means (1110) for receiving (1305), from a base
station (105) serving the UE (115), a first type
of reference signal and a second type of refer-
ence signal, wherein the first type of reference

signal is different from the second type of refer-
ence signal;
means (1110) for receiving (1310), from the
base station (105), a radio link monitoring, RLM,
configuration comprising a first signal quality
threshold and an indicator that the UE is to apply,
in an RLM function, the first signal quality thresh-
old both of the first type of reference signal and
the second type of reference signal;
means (1135) for determining (1315) a first sig-
nal quality of the first type of reference signal
and a second signal quality of the second type
of reference signal;
means (1140) for determining (1320) that the
UE is out-of-sync for communication with the
base station when both the first signal quality
and the second signal quality are below the first
signal quality threshold; and
means (1115) for recovering (1325) communi-
cation with the base station based at least in part
on the determination that the UE is out-of-sync.

11. The apparatus (1105) of claim 10 further comprising:
means for performing the method of any one of
claims 2-9.

12. A non-transitory computer readable medium com-
prising instructions which, when executed by a com-
puter, cause the computer to carry out the steps of
the method of any of the claims 1 to 9.

Patentansprüche

1. Ein Verfahren (1300) für Drahtloskommunikation,
das durch eine Nutzereinrichtung bzw. UE (UE =
user equipment) (115) durchgeführt wird, das Fol-
gendes aufweist:

Empfangen (1305), von einer Basisstation
(105), die die UE (115) versorgt, eines ersten
Typs eines Referenzsignals und eines zweiten
Typs eines Referenzsignals, wobei sich der ers-
te Typ des Referenzsignals von dem zweiten
Typ des Referenzsignals unterscheidet;
Empfangen (1310), von der Basisstation (105),
einer Funkverbindungsüberwachungs- bzw.
RLM-Konfiguration (RLM = radio link monito-
ring), die einen ersten Signalqualitätsschwellen-
wert und einen Indikator aufweist, dass die UE,
in einer RLM-Funktion, den ersten Signalquali-
tätsschwellenwert auf sowohl den ersten Typ
von Referenzsignal als auch den zweiten Typ
von Referenzsignal anwenden soll;
Bestimmen (1315) einer ersten Signalqualität
des ersten Typs von Referenzsignal und einer
zweiten Signalqualität des zweiten Typs von Re-
ferenzsignal;
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Bestimmen (1320), dass die UE nicht in Syn-
chronisation ist für Kommunikation mit der Ba-
sisstation, wenn sowohl die erste Signalqualität
als auch die zweite Signalqualität unter dem ers-
ten Signalqualitätsschwellenwert sind; und
Wiederherstellen (1325) von Kommunikation
mit der Basisstation basierend wenigstens teil-
weise auf der Bestimmung, dass die UE nicht in
Synchronisation ist.

2. Verfahren nach Anspruch 1, wobei Bestimmen, dass
die UE nicht in Synchronisation ist, weiter Folgendes
aufweist:

Bestimmen von einem Höheren von der ersten
Signalqualität und der zweiten Signalqualität;
und
Bestimmen, dass die UE nicht in Synchronisa-
tion ist basierend wenigstens teilweise darauf,
dass das Höhere von der ersten Signalqualität
und der zweiten Signalqualität unter dem ersten
Signalqualitätsschwellenwert ist.

3. Verfahren nach Anspruch 1, das weiter Folgendes
aufweist:

Bestimmen, dass eine Periodizität des ersten
Typs von Referenzsignal grö-βer ist als ein Pe-
riodizitätsschwellenwert; und
Bestimmen, ob die UE in Synchronisation oder
nicht in Synchronisation ist basierend wenigs-
tens teilweise auf der zweiten Signalqualität.

4. Verfahren nach Anspruch 1, das weiter Folgendes
aufweist:

Bestimmen, dass eine Periodizität des zweiten
Typs von Referenzsignal grö-βer ist als ein Pe-
riodizitätsschwellenwert; und
Bestimmen, ob die UE in Synchronisation oder
nicht in Synchronisation ist basierend wenigs-
tens teilweise auf der ersten Signalqualität.

5. Verfahren nach Anspruch 1, wobei die RLM-Konfi-
guration einen zweiten Signalqualitätsschwellen-
wert aufweist, und wobei Bestimmen, ob die UE in
Synchronisation oder nicht in Synchronisation ist,
Folgendes aufweist:

Bestimmen, dass die UE nicht in Synchronisa-
tion ist basierend wenigstens teilweise auf Be-
stimmen, dass die erste Signalqualität unter
dem ersten Signalqualitätsschwellenwert ist;
oder
Bestimmen, dass die UE nicht in Synchronisa-
tion ist basierend wenigstens teilweise auf Be-
stimmen, dass die erste Signalqualität unter
dem ersten Signalqualitätsschwellenwert ist

und die zweite Signalqualität unter dem zweiten
Signalqualitätsschwellenwert ist, wenn die UE
in dem C-DRX-Modus arbeitet.

6. Verfahren nach Anspruch 1, wobei die RLM-Konfi-
guration einen zweiten Signalqualitätsschwellen-
wert aufweist, und wobei Bestimmen, ob die UE in
Synchronisation oder nicht in Synchronisation ist,
Folgendes aufweist:

Bestimmen, dass die UE in Synchronisation ist
basierend wenigstens teilweise auf Bestimmen,
dass die erste Signalqualität über dem ersten
Signalqualitätsschwellenwert ist; oder
Bestimmen, dass die UE in Synchronisation ist
basierend wenigstens teilweise auf Bestimmen,
dass die erste Signalqualität über dem ersten
Signalqualitätsschwellenwert ist, oder die zwei-
te Signalqualität über dem zweiten Signalquali-
tätsschwellenwert ist, oder beides.

7. Verfahren nach Anspruch 1, wobei der erste Typ von
Referenzsignal ein Synchronisationssignal aufweist
und der zweite Typ von Referenzsignal ein Kanal-
zustandsinformations-Referenzsignal aufweist.

8. Verfahren nach Anspruch 1, wobei der erste Typ von
Referenzsignal ein Demodulationsreferenzsignal für
einen Broadcast-Kanal aufweist und der zweite Typ
von Referenzsignal ein UE-spezifisches Referenz-
signal aufweist.

9. Verfahren nach Anspruch 1, wobei der erste Typ von
Referenzsignal ein nicht strahlgeformtes Kanalzu-
standsinformations-Referenzsignal bzw. Non-Be-
amformed-Kanalzustandsinformations-Referenzsi-
gnal aufweist und der zweite Typ von Referenzsignal
ein strahlgeformtes Kanalzustandsinformations-Re-
ferenzsignal bzw. Beamformed-Kanalzustandsin-
formations-Referenzsignal aufweist.

10. Eine Nutzereinrichtung bzw. UE (UE = user equip-
ment) für Drahtloskommunikation, die Folgendes
aufweist:

Mittel (1110) zum Empfangen (1305), von einer
Basisstation (105), die die UE (115) versorgt,
eines ersten Typs eines Referenzsignals und ei-
nes zweiten Typs eines Referenzsignals, wobei
sich der erste Typ des Referenzsignals von dem
zweiten Typ des Referenzsignals unterschei-
det;
Mittel (1110) zum Empfangen (1310), von der
Basisstation (105), einer Funkverbindungsüber-
wachungs- bzw. RLM-Konfiguration (RLM = ra-
dio link monitoring), die einen ersten Signalqua-
litätsschwellenwert und einen Indikator auf-
weist, dass die UE, in einer RLM-Funktion, den

37 38 



EP 3 669 480 B9

21

5

10

15

20

25

30

35

40

45

50

55

ersten Signalqualitätsschwellenwert auf sowohl
den ersten Typ von Referenzsignal als auch den
zweiten Typ von Referenzsignal anwenden soll;
Mittel (1135) zum Bestimmen (1315) einer ers-
ten Signalqualität des ersten Typs von Refe-
renzsignal und einer zweiten Signalqualität des
zweiten Typs von Referenzsignal;
Mittel (1140) zum Bestimmen (1320), dass die
UE nicht in Synchronisation ist für Kommunika-
tion mit der Basisstation, wenn sowohl die erste
Signalqualität als auch die zweite Signalqualität
unter dem ersten Signalqualitätsschwellenwert
sind; und
Mittel (1115) zum Wiederherstellen (1325) von
Kommunikation mit der Basisstation basierend
wenigstens teilweise auf der Bestimmung, dass
die UE nicht in Synchronisation ist.

11. Vorrichtung (1105) nach Anspruch 10, die weiter Fol-
gendes aufweist:
Mittel zum Durchführen des Verfahrens nach einem
der Ansprüche 2-9.

12. Ein nicht transitorisches computerlesbares Medium,
das Instruktionen aufweist, die, wenn sie durch einen
Computer ausgeführt werden, den Computer veran-
lassen zum Durchführen der Schritte des Verfahrens
nach einem der Ansprüche 1 bis 9.

Revendications

1. Un procédé (1300) de communication sans fil exé-
cuté par un équipement d’utilisateur, UE (115),
comprenant :

la réception (1305), à partir d’une station de ba-
se (105) desservant l’UE (115), d’un premier ty-
pe de signal de référence et d’un deuxième type
de signal de référence, où le premier type de
signal de référence est différent du deuxième
type de signal de référence,
la réception (1310), à partir de la station de base
(105), d’une configuration de surveillance de
liaison radio, RLM, comprenant un premier seuil
de qualité de signal et un indicateur indiquant
que l’UE doit appliquer, dans une fonction RLM,
le premier seuil de qualité de signal à la fois au
premier type de signal de référence et au
deuxième type de signal de référence,
la détermination (1315) d’une première qualité
de signal du premier type de signal de référence
et d’une deuxième qualité de signal du deuxiè-
me type de signal de référence,
la détermination (1320) que l’UE est désynchro-
nisé pour une communication avec la station de
base lorsqu’à la fois la première qualité de signal
et la deuxième qualité de signal sont inférieures

au premier seuil de qualité de signal, et
la récupération (1325) de la communication
avec la station de base en fonction au moins en
partie de la détermination que l’UE est désyn-
chronisé.

2. Le procédé selon la Revendication 1, où la détermi-
nation que l’UE est désynchronisé comprend en
outre :

la détermination de la qualité de signal la plus
élevée parmi la première qualité de signal et la
deuxième qualité de signal, et
la détermination que l’UE est désynchronisé en
fonction au moins en partie de la qualité de si-
gnal la plus élevée parmi la première qualité de
signal et la deuxième qualité de signal étant in-
férieures au premier seuil de qualité de signal.

3. Le procédé selon la Revendication 1, comprenant
en outre :

la détermination qu’une périodicité du premier
type de signal de référence est supérieure à un
seuil de périodicité, et
la détermination si l’UE est synchronisé ou dé-
synchronisé en fonction au moins en partie de
la deuxième qualité de signal.

4. Le procédé selon la Revendication 1, comprenant
en outre :

la détermination qu’une périodicité du deuxième
type de signal de référence est supérieure à un
seuil de périodicité, et
la détermination si l’UE est synchronisé ou dé-
synchronisé en fonction au moins en partie de
la première qualité de signal.

5. Le procédé selon la Revendication 1, où la configu-
ration RLM comprend un deuxième seuil de qualité
de signal, et où la détermination si l’UE est synchro-
nisé ou désynchronisé comprend :

la détermination que l’UE est désynchronisé en
fonction au moins en partie de la détermination
que la première qualité de signal est inférieure
au premier seuil de qualité de signal, ou
la détermination que l’UE est désynchronisé en
fonction au moins en partie de la détermination
que la première qualité de signal est inférieure
au premier seuil de qualité de signal et la deuxiè-
me qualité de signal est inférieure au deuxième
seuil de qualité de signal, lorsque l’UE fonction-
ne dans le mode C-DRX.

6. Le procédé selon la Revendication 1, où la configu-
ration RLM comprend un deuxième seuil de qualité
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de signal, et où la détermination si l’UE est synchro-
nisé ou désynchronisé comprend :

la détermination que l’UE est synchronisé en
fonction au moins en partie de la détermination
que la première qualité de signal est supérieure
au premier seuil de qualité de signal, ou
la détermination que l’UE est synchronisé en
fonction au moins en partie de la détermination
que la première qualité de signal est supérieure
au premier seuil de qualité de signal, ou que la
deuxième qualité de signal est supérieure au
deuxième seuil de qualité de signal, ou ces deux
caractéristiques.

7. Le procédé selon la Revendication 1, où le premier
type de signal de référence comprend un signal de
synchronisation et le deuxième type de signal de ré-
férence comprend un signal de référence d’informa-
tions d’état de canal.

8. Le procédé selon la Revendication 1, où le premier
type de signal de référence comprend un signal de
référence de démodulation destiné à un canal de
radiodiffusion et le deuxième type de signal de réfé-
rence comprend un signal de référence spécifique
à l’UE.

9. Le procédé selon la Revendication 1, où le premier
type de signal de référence comprend un signal de
référence d’informations d’état de canal non formé
en faisceau et le deuxième type de signal de réfé-
rence comprend un signal de référence d’informa-
tions d’état de canal formé en faisceau.

10. Un équipement d’utilisateur, UE, de communication
sans fil, comprenant :

un moyen (1110) de réception (1305), à partir
d’une station de base (105) desservant l’UE
(115), d’un premier type de signal de référence
et d’un deuxième type de signal de référence,
où le premier type de signal de référence est
différent du deuxième type de signal de référen-
ce,
un moyen (1110) de réception (1310), à partir
de la station de base (105), d’une configuration
de surveillance de liaison radio, RLM, compre-
nant un premier seuil de qualité de signal et un
indicateur indiquant que l’UE doit appliquer,
dans une fonction RLM, le premier seuil de qua-
lité de signal à la fois au premier type de signal
de référence et au deuxième type de signal de
référence,
un moyen (1135) de détermination (1315) d’une
première qualité de signal du premier type de
signal de référence et d’une deuxième qualité
de signal du deuxième type de signal de réfé-

rence,
un moyen (1140) de détermination (1320) que
l’UE est désynchronisé pour une communica-
tion avec la station de base lorsqu’à la fois la
première qualité de signal et la deuxième qualité
de signal sont inférieures au premier seuil de
qualité de signal, et
un moyen (1115) de récupération (1325) de la
communication avec la station de base en fonc-
tion au moins en partie de la détermination que
l’UE est désynchronisé.

11. L’appareil (1105) selon la Revendication 10 compre-
nant en outre :
un moyen d’exécution du procédé selon l’une quel-
conque des Revendications 2 à 9.

12. Un support lisible par ordinateur non transitoire con-
tenant des instructions qui, lorsqu’elles sont exécu-
tées par un ordinateur, amènent l’ordinateur à exé-
cuter les opérations du procédé selon l’une quelcon-
que des Revendications 1 à 9.
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