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ENHANCED MEASUREMENT FILTERING
CONFIGURATIONS FOR RADIO-LINK
MANAGEMENT AND RADIO RESOURCE
MANAGEMENT

TECHNICAL FIELD

[0001] The present disclosure is generally related to wire-
less communications and is more particularly related to
performing and filtering radio measurements for radio link
monitoring (RLM) and/or radio resource management
(RRM).

BACKGROUND

[0002] For wireless communications networks compliant
with the specifications for Long-Term Evolution (LTE)
networks, the 3"/-Generation Partnership Project (3GPP) has
defined a so-called measurement model, in 3GPP TS 36.300,
v. 14.3.0 (June 2017) (hereinafter referred to as “36.300™), as
a way to summarize how a user equipment (UE) perform
radio-resource management (RRM) measurements to be
used as input to the evaluation of measurement reports and
to be reported to the network, e.g., to assist handover
decisions. FIG. 1, which is adapted from FIGS. 10.6-1 of
36.300, summarizes the measurement model in LTE. The
components and parameters shown in FIG. 1 are described
in 36.300 as follows:

[0003] A: measurements (samples) internal to the
physical layer.

[0004] Layer 1 filtering: internal layer 1 filtering of the
inputs measured at point A. Exact filtering is imple-
mentation dependent. How the measurements are actu-
ally executed in the physical layer by an implementa-
tion (inputs A and Layer 1 filtering) in not constrained
by the standard.

[0005] B: A measurement reported by layer 1 to layer 3
after layer 1 filtering.

[0006] Layer 3 filtering: Filtering performed on the
measurements provided at point B. The behaviour of
the Layer 3 filters is standardised and the configuration
of the layer 3 filters is provided by RRC signalling.
Filtering reporting period at C equals one measurement
period at B.

[0007] C: Ameasurement after processing in the layer 3
filter. The reporting rate is identical to the reporting rate
at point B. This measurement is used as input for one
or more evaluation of reporting criteria.

[0008] Evaluation of reporting criteria: This checks
whether actual measurement reporting is necessary at
point D. The evaluation can be based on more than one
flow of measurements at reference point C, such as to
compare between different measurements. This is illus-
trated by inputs C and C'. The UE shall evaluate the
reporting criteria at least every time a new measure-
ment result is reported at point C, C'. The reporting
criteria are standardised and the configuration is pro-
vided by RRC signalling (UE measurements).

[0009] D: Measurement report information (message)
sent on the radio interface.

[0010] According to 36.300, in LTE, the Layer 1 filtering
100 will introduce a certain level of measurement averaging.
How and when the UE exactly performs the required mea-
surements will be implementation-specific to the point that
the output at B fulfils the performance requirements set in
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3GPP TS 36.133 (“Evolved Universal Terrestrial Radio
Access (E-UTRA); “Requirements for support of radio
resource management”). Layer 3 filtering 110 and param-
eters used are specified in 3GPP TS 36.331 (“Evolved
Universal Terrestrial Radio Access (E-UTRA); Radio
Resource Control (RRC) protocol specification™); this fil-
tering does not introduce any delay in the sample availability
between B and C. Measurements at point C, C' are the inputs
used in the event evaluation 120. One of the reasons to
specify the configuration described above is to align differ-
ent implementations of Layer 1 (L1) filters.

[0011] In LTE, the Layer 3 (L3) filter coefficients are
provided as part of the so-called quantity configuration,
defined in 3GPP TS 36.331, v. 14.3.0 (June 2017) (herein-
after referred to as “36.331”) as follows:

[0012] 4. Quantity configurations: One quantity con-
figuration is configured per RAT type. The quantity
configuration defines the measurement quantities and
associated filtering used for all event evaluation and
related reporting of that measurement type. One filter
can be configured per measurement quantity.

[0013]

[0014] In LTE, an information element (IE) named quan-
tityConfig is defined. The IE is transmitted as part of the
measurement configuration. The UE actions in the specifi-
cations are defined as follows:

[0015]

[0016] 1> ifthe received measConfig includes the quan-
tityConfig:

[0017] 2> perform the quantity configuration proce-
dure as specified in 5.5.2.8;

[0018]

[0019] 5.5.2.8 Quantity Configuration
[0020] The UE shall:

[0021] 1> for each RAT for which the received quan-
tityConfig includes parameter(s):

[0022] 2> set the corresponding parameter(s) in
quantityConfig within
[0023] VarMeasConfig to the value of the received

quantityConfig parameter(s);

[0024] 1> for each measld included in the measIdList
within VarMeasConfig:

[0025] 2> remove the measurement reporting entry
for this measld from the VarMeasReportList, if
included;

[0026] 2> stop the periodical reporting timer or timer
T321, whichever one is running, and reset the asso-
ciated information (e.g., timeToTrigger) for this
measld;

[0027]

[0028] Details about the L3 filtering are also specified in
the RRC specifications as follows:

[0029] 5.5.3.2 Layer 3 Filtering
[0030] The UE shall:
[0031] 1> for each measurement quantity that the UE

performs measurements according to 5.5.3.1:

[0032] NOTE 1: This does not include quantities con-
figured solely for UE Rx-Tx time difference, SSTD
measurements and RSSI; channel occupancy measure-
ments, WLAN measurements of Band, Carrier Info,
Available Admission Capacity, Backhaul Bandwidth,
Channel Utilization, and Station Count, CBR measure-
ment, and UL PDCP Packet Delay per QCI measure-



US 2020/0221328 Al

ment ie., for those types of measurements the UE

ignores the trigger Quantity and report Quantity.

[0033] 2> filter the measured result, before using for
evaluation of reporting criteria or for measurement
reporting, by the following formula:

F . =(1-a)F,_+a'M,

[0034] where
[0035] M,, is the latest received measurement

result from the physical layer;

[0036] F, is the updated filtered measurement
result, that is used for evaluation of reporting
criteria or for measurement reporting;

[0037] F,_, is the old filtered measurement result,
where F, is set to M, when the first measurement
result from the physical layer is received; and

[0038] a=1/2%%, where k is the filterCoefficient
for the corresponding measurement quantity
received by the quantityConfig;

[0039] 2> adapt the filter such that the time charac-
teristics of the filter are preserved at different input
rates, observing that the filterCoefficient k assumes a
sample rate equal to 200 ms;

[0040] NOTE 2: If k is set to 0, no layer 3 filtering is
applicable.

[0041] NOTE 3: The filtering is performed in the same
domain as used for evaluation of reporting criteria or
for measurement reporting, i.e., logarithmic filtering
for logarithmic measurements.

[0042] NOTE 4: The filter input rate is implementation
dependent, to fulfil the performance requirements set in
[16]. For further details about the physical layer mea-
surements, see TS 36.133 [16].

[0043]

[0044] The IE MeasConfig specifies measurements to be
performed by the UE, and covers intra-frequency, inter-
frequency and inter-RAT mobility as well as configuration of
measurement gaps. This IE is defined in 3GPP specifications
as follows:

MeasConfig information element

-- ASN1START

MeasConfig ::= SEQUENCE {
-- Measurement objects
measObjectToRemoveList
OPTIONAL, --Need ON
measObjectToAddModList
OPTIONAL, --Need ON
-- Reporting configurations
reportConfigToRemoveList
OPTIONAL, --Need ON
reportConfigToAddModList
OPTIONAL, --Need ON
-- Measurement identities
measIdToRemoveList
OPTIONAL, --Need ON
measIdToAddModList
MeasIdToAddModList
OPTIONAL, --Need ON
-- Other parameters
quantityConfig
OPTIONAL, -- Need ON

MeasObjectToRemoveList

MeasObjectToAddModList

ReportConfigToRemoveList

ReportConfigToAddModList

MeasIdToRemoveList

QuantityConfig

-- ASN1STOP
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[0045] The IE QuantityConfig specifies the measurement
quantities and layer 3 filtering coefficients for E-UTRA and
inter-RAT measurements. This IE is defined in 3GPP speci-
fications as follows:

QuantityConfig information element

-- ASN1START

QuantityConfig ::= SEQUENCE {
quantityConfigFUTRA
QuantityConfigEUTRA OPTIONAL,  --Need ON

}

QuantityConfigEUTRA ::= SEQUENCE {
filterCoeflicientRSRP FilterCoefficient
DEFAULT fc4,
filterCoeflicientR SRQ FilterCoefficient
DEFAULT fc4

}

QuantityConfigEUTRA-v1250 = SEQUENCE {

filterCoeflicientCSI-RSRP-r12
OPTIONAL -- Need OR

FilterCoeflicient

QuantityConfigEUTRA-v1310 =
filterCoefficientRS-SINR-r13
DEFAULT fc4

SEQUENCE {
FilterCoeflicient

-- ASN1ISTOP

[0046] As for QuantityConfig field descriptions: filterCo-
efficientCSI-RSRP specifies the filtering coefficient used for
CSI-RSRP; filterCoeflicientRSRP specifies the filtering
coeflicient used for RSRP; filterCoeflicientRSRQ specifies
the filtering coefficient used for RSRQ); filterCoefficientRS-
SINR specifies the filtering coefficient used for RS-SINR;
and quantityConfigEUTRA specifies filter configurations for
E UTRA measurements.

[0047] The IE FilterCoefficient specifies the measurement
filtering coefficient. Value fc0 corresponds to k=0, fcl cor-
responds to k=1, and so on. This IE is defined in 3GPP
specifications as follows:

FilterCoefficient information element

-- ASN1START

FilterCoefficient ::= ENUMERATED {
fc0, fel, fe2, fe3, fed, fe3,
feo, fc7, fe8, fc9, fell, fel3,
fcl3, fel7, fc19, sparel, ...}

-- ASN1STOP

[0048] The legacy radio link monitoring procedure is
carried out in RRC_CONNECTED state by the UE. (For the
purposes of this document, the term “legacy” is used to refer
to standardized processes and procedures as of Release 14 of
the 3GPP specifications, and earlier.) The purpose of radio
link monitoring (RLM) is to monitor the downlink radio link
quality of the connected serving cell and use that informa-
tion to decide whether the UE is in in-sync or out-of-sync
with respect to that serving cell. In legacy RLM procedures,
the UE estimates the signal quality of the downlink refer-
ence signal (e.g., cell-specific reference symbols (CRS) in
LTE) of the serving cell and compares the estimated signal
quality with hypothetical control channel quality targets
(e.g., physical downlink control channel block error rate
(PDCCH BLER) targets). There are two control channel
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quality targets (e.g., BLER targets), namely Qin and Qout.
Qout corresponds to a 10% hypothetical BLER of the
control channel (e.g., PDCCH) and Qin corresponds to 2%
hypothetical BLER of the control channel (e.g., PDCCH
channel). These quality thresholds are used to determine
whether the UE is in-sync or out-of-sync with respect to the
serving cell.

[0049] The RLM procedure in L'TE also has a filtering
configuration that aims to avoid an RLF declaration (which
triggers RRC signaling and costly UE actions) upon a quick
drop in radio condition. Although the purpose is somewhat
similar to the filtering applied to avoid too frequent trigger
of measurement reports, the configuration of this filtering
mechanism is different, being based on the parameters N310
and N311 (instead of the time-domain filtering coefficients
in the RRM measurement model). For RLM, the UE starts
the radio link failure timer T310 when N310 consecutive
out-of-sync indications are reached, and stops this timer
when N311 consecutive in-sync indications are reached.
Upon expiry of the T310 timer, the UE declares RLF and
turns off the transmitter. The parameters N310, N311 and
T310 are configured by the network node. The parameters
N310 and N311 are used by the UE for performing higher
layer time-domain average and are also interchangeably
referred to as higher-layer filtering parameters, layer-3 fil-
tering parameters, etc.

[0050] In discussions and documentation for the fifth-
generation wireless system currently under development by
the 3GPP, the radio access technology (RAT) may be
referred to as “New Radio,” or “NR,” or “NR Radio
Access.” Stage 2 specifications for NR, which comprise an
overall description of NR and the so-called Next Generation
Radio Access Network (NG-RAN), have been released in
3GPP TS 38.300, v. 1.0.0 (September 2017) (hereinafter
referred to as 38.300); the background described herein may
be familiar to the person of ordinary skill in the art.
[0051] In NR, an NR primary synchronization signal
(NR-PSS), an NR secondary synchronization signal (NR-
SSS), and an NR physical broadcast channel (NR-PBCH)
are expected to be transmitted together, in a synchronization
signal block (SS block). For a given frequency band, an SS
block corresponds to N OFDM symbols based on the default
subcarrier spacing, where the N symbols contain NR-PSS,
NR-SSS, and NR-PBCH e.g., N=4. The position(s) of actual
transmitted SS-blocks can be informed to the UE for helping
CONNECTED/IDLE mode measurement, for helping a
CONNECTED mode UE to receive downlink data/control in
unused SS-blocks, and potentially for helping IDLE mode
UE to receive downlink data/control in unused SS-blocks.
One or multiple SS block(s) make up an SS burst set. The
maximum number of SS-blocks, L, within a SS burst set is
dependent on carrier frequency of the cell. The maximum
number of SS-blocks within a SS burst set, L, for each of
several different frequency ranges is as follows: for fre-
quency range up to 3 GHz, L.=4; for frequency range from
3 GHz to 6 GHz, [.=8; and for frequency range from 6 GHz
to 52.6 GHz, L=64.

[0052] A certain minimum number of SS blocks transmit-
ted within each SS burst set will be used to define UE
measurement performance requirements.

[0053] The transmission of SS blocks within an SS burst
set is confined to a 5-millisecond window, regardless of SS
burst set periodicity. Within this 5-millisecond window, the
number of possible candidate SS block locations is L (as
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described above). The SS blocks within the same SS burst
set in a cell may or may not be contiguous in time.

[0054] Aspects of NR are beam-based, rather than cell-
based, where a given access point (referred to as a gNB, in
NR documentation), may transmit multiple beam-formed
beams, using antenna arrays. Network controlled mobility in
NR thus comprises two types of mobility: cell-level mobility
and beam-level mobility, as discussed in 38.300. RLM and
RRM measurement techniques have not been fully specified
for NR.

SUMMARY

[0055] According to several embodiments of the tech-
niques described herein, the network node (e.g., gNB, base
station, access point, etc.) can configure the UE with a
measurement filtering configuration with different levels of
granularity for different reference signal (RS) types for
beam-level measurements and cell-level measurements.
Embodiments also comprise filtering differentiation for
single-beam and multi-beam network configurations.
[0056] A filtering configuration parameter (e.g., coeflicient
of layer-3 filter) for beam-level measurements may further
depend upon the beam configuration (e.g., number of beams
to be measured, number of SS blocks within the SS burst set,
etc.), in some embodiments.

[0057] Embodiments may thus involve the use of different
measurement (or measurement indications) filtering con-
figurations for: cell level vs beam level configurations and
RS Type. Measurement (or measurement indication) filter-
ing configurations may relate to one or both of: time domain
filtering of RRM measurements used as input for report
triggering evaluation; and RLF related parameters (NR-
N310, NR-311, RLF timers, maximum number of beam
recovery attempts, etc.)

[0058] In various embodiments, the UE determines a
measurements filtering configuration for an NR measure-
ment based on at least one of: a received message from a
network node and pre-defined rule.

[0059] According to some embodiments, a method, in a
wireless device, of performing measurements for radio
RRM and/or RLM, includes performing a plurality of radio
measurements. The method also includes filtering at least a
first subset of the radio measurements using a first filtering
configuration and filtering at least a second subset of the
radio measurements using a second filtering configuration,
the second filtering configuration differing from the first
filtering configuration. The first and second filtering con-
figurations apply to first and second different types of
reference signals, respectively, or to beam-level measure-
ments and cell-level measurements, respectively.

[0060] According to some embodiments, a method, in at
least one network node of a wireless communication net-
work, of facilitating measurements for RRM and/or RLM,
includes sending, to a wireless device, information indicat-
ing a first filtering configuration for RRM and/or RLM and
a second filtering configuration for RRM and/or RLM, the
second filtering configuration differing from the first filtering
configuration. The first and second filtering configurations
apply to first and second different types of reference signals,
respectively, or to beam-level measurements and cell-level
measurements, respectively.

[0061] According to some embodiments, a wireless device
configured for performing measurements for radio RRM
and/or RLM includes transceiver circuitry configured to
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transmit and receive radio signals and processing circuitry
operatively associated with the transceiver circuitry. The
processing circuitry is configured to perform a plurality of
radio measurements, filter at least a first subset of the radio
measurements using a first filtering configuration, and filter
at least a second subset of the radio measurements using a
second filtering configuration, where the second filtering
configuration differs from the first filtering configuration.
The first and second filtering configurations apply to first
and second different types of reference signals, respectively,
or to beam-level measurements and cell-level measure-
ments, respectively.

[0062] According to some embodiments, at least one
network node of a wireless communication network config-
ured for facilitating measurements for RRM and/or RLM
includes transceiver circuitry configured to communicate
with a wireless device and processing circuitry operatively
associated with the transceiver circuitry. The processing
circuitry is configured to send, to the wireless device via
transceiver circuitry, information indicating a first filtering
configuration for RRM and/or RLM and a second filtering
configuration for RRM and/or RLM, the second filtering
configuration differing from the first filtering configuration.
The first and second filtering configurations apply to first
and second different types of reference signals, respectively,
or to beam-level measurements and cell-level measure-
ments, respectively.

[0063] Additional embodiments may include the method
implemented by apparatus, devices, network nodes, com-
puter readable medium, computer program products and
functional implementations.

[0064] Of course, the present invention is not limited to
the above features and advantages. Those of ordinary skill in
the art will recognize additional features and advantages
upon reading the following detailed description, and upon
viewing the accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES

[0065] FIG. 1 illustrates a measurement model in LTE.
[0066] FIG. 2 illustrates a high-level measurement model.
[0067] FIG. 3 is a block diagram illustrating a wireless

device, according to some embodiments.

[0068] FIG. 4 shows a flow chart illustrating a method at
a wireless device for performing measurements for RRM
and/or RLM, according to some embodiments.

[0069] FIG. 5 is a block diagram illustrating a network
node of a wireless communication network, according to
some embodiments.

[0070] FIG. 6 shows a flow chart illustrating a method at
a source node for facilitating measurements for RRM and/or
RLM, according to some embodiments.

[0071] FIG. 7 is a block diagram illustrating a functional
implementation of a wireless device, according to some
embodiments.

[0072] FIG. 8 is a block diagram illustrating a functional
implementation of a network node, according to some
embodiments.

DETAILED DESCRIPTION

[0073] For the case of RRM measurements in NR, the
following measurement model has been captured in TS
38.300. In RRC_CONNECTED state, the UE measures
multiple beams (at least one) of a cell and the measurements
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results (power values) are averaged to derive the cell quality.
In doing so, the UE is configured to consider a subset of the
detected beams: the best and the N-1 best beams above a
configurable absolute threshold. The network can also con-
figure the UE to perform Layer 3 (L3)-filtered beam-level
measurements to be included in measurement reports. The
corresponding high-level measurement model is illustrated
in FIG. 2, which is adapted from FIG. 9.2.4-1 of TS 38.300.
The components and parameters illustrated in this measure-
ment model are described in TS 38.300 as follows:

[0074] NOTE: K beams correspond to the measure-
ments on NR-SS block or CSI-RS resources configured
for L3 mobility by gNB and detected by UE at 1.

[0075] A: measurements (beam-specific samples)
internal to the physical layer.

[0076] Layer 1 filtering: internal layer-1 filtering of
the inputs measured at point A. Exact filtering is
implementation dependent. How the measurements
are actually executed in the physical layer by an
implementation (inputs A and Layer 1 filtering) is not
constrained by the standard.

[0077] A': measurements (i.e., beam-specific mea-
surements) reported by layer 1 to layer 3 after layer
1 filtering.

[0078] Beam Consolidation/Selection: beam-specific
measurements are consolidated to derive cell quality
if N>1, else when N=1 the best beam measurement
is selected to derive cell quality. The behaviour of the
Beam consolidation/selection is standardised, and
the configuration of this module is provided by RRC
signalling. Reporting period at B equals one mea-
surement period at A’

[0079] B: a measurement (i.e., cell quality) derived
from beam-specific measurements reported to layer
3 after beam consolidation/selection.

[0080] Layer 3 filtering for cell quality: filtering
performed on the measurements provided at point B.
The behaviour of the Layer 3 filters is standardised,
and the configuration of the layer 3 filters is provided
by RRC signalling. Filtering reporting period at C
equals one measurement period at B.

[0081] C:ameasurement after processing in the layer
3 filter. The reporting rate is identical to the reporting
rate at point B. This measurement is used as input for
one or more evaluation of reporting criteria.

[0082] Evaluation of reporting criteria: checks
whether actual measurement reporting is necessary
at point D. The evaluation can be based on more than
one flow of measurements at reference point C e.g.,
to compare between different measurements. This is
illustrated by input C and C*. The UE shall evaluate
the reporting criteria at least every time a new
measurement result is reported at point C, C'. The
reporting criteria are standardised and the configu-
ration is provided by RRC signalling (UE measure-
ments).

[0083] D: measurement report information (message)
sent on the radio interface.

[0084] L3 Beam filtering: filtering performed on the
measurements (i.e., beam-specific measurements)
provided at point A'. The behaviour of the beam
filters is standardised and the configuration of the
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beam filters is provided by RRC signalling. Filtering
reporting period at E equals one measurement period
at A,

[0085] E: a measurement (i.e., beam-specific mea-
surement) after processing in the beam filter. The
reporting rate is identical to the reporting rate at
point A’. This measurement is used as input for
selecting the X measurements to be reported.

[0086] Beam Selection for beam reporting: selects the X
measurements from the measurements provided at
point E. The behaviour of the beam selection is stan-
dardised and the configuration of this module is pro-
vided by RRC signalling.

[0087] F: beam measurement information included in
measurement report (sent) on the radio interface.
[0088] As discussed in TS 38.300, Layer 1 filtering 210
introduces a certain level of measurement averaging. How
and when the UE exactly performs the required measure-
ments is implementation-specific to the point that the output
at B fulfills the performance requirements set in 3GPP TS
38.133. Beam consolidation/selection is shown by block
210. Layer 3 filtering 230 for cell quality and related
parameters used are specified in 3GPP TS 38.331, and does
not introduce any delay in the sample availability between B
and C. Measurement at point C, C1 is the input used in the
event evaluation 240. 1.3 Beam filtering 220 and related
parameters used are specified in 3GPP TS 38.331, and do not
introduce any delay in the sample availability between E and

F. Beam selection for reporting is shown by block 230.
[0089] For the case of RLM measurements, TS 38.300
says that in RRC_CONNECTED state, the UE declares RLF
when one of the following criteria are met: expiry of a timer
started after indication of radio problems from the physical
layer (if radio problems are recovered before the timer is
expired, the UE stops the timer); random access procedure
failure; and RLC failure. For future study is whether indi-
cations related to beam failure recovery may affect the
declaration of RLF.

[0090] After RLF is declared, the UE: stays in RRC_
CONNECTED; selects a suitable cell and then initiates RRC
re-establishment; and enters RRC_IDLE if a suitable cell
was not found within a certain time after RLF was declared.
[0091] In dual connectivity (DC), RLF is declared sepa-
rately for the master cell group (MCG) and for the secondary
cell group (SCG). The actions following RLF described
above only apply for RLF on the MCG. After RLF on the
SCG, the UE stops normal operation on the SCG and reports
the failure to the network.

[0092] One can notice that in NR, differently from LTE,
new aspects are to be considered to complete the measure-
ment model, RLM configuration. Filtering configurations
may be captured in the RRC specifications: 1) the UE can be
configured to perform [3-filtered beam-level RRM mea-
surements to be included in measurement reports; and 2) the
UE can be configured to perform RRM measurements based
on SS Blocks (CSI-RS) or both. The UE may be requested
to report cell-level measurement and/or beam-level mea-
surements. 3) The UE can be configured to perform RLM
based on NR-SS or CSI-RS, i.e., RLF can be triggered based
on the radio conditions measured based on of different
reference signals, which could have quite different proper-
ties (considering they can be beamformed quite differently).
In addition, there are currently no specified rules or signaling
on how to configure UE measurement filtering for NR.
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[0093] Embodiments described herein address these
issues. According to several embodiments of the techniques
described herein, for example, the network node (e.g., gNB,
base station, access point, etc.) can configure the UE with a
measurement filtering configuration with different levels of
granularity for different reference signal (RS) types for
beam-level measurements and cell-level measurements.
Embodiments may also include filtering differentiation for
single-beam and multi-beam network configurations.
[0094] A filtering configuration parameter (e.g., coeflicient
of Layer 3 filter) for beam-level measurements may further
depend upon the beam configuration (e.g., number of beams
to be measured, number of SS blocks within the SS burst set,
etc.), in some embodiments.

[0095] Several advantages may be obtained with one or
more of the enclosed embodiments. In the case of RRM
measurements, by introducing the flexibility enabled by the
techniques described herein, the network can configure
beam-level measurements with different filter coefficients,
compared to cell-level measurements. For example, the
network may be interested to trigger handovers based on
stable measurements; hence, it would set filter coefficients
with longer memory, compared to beam measurements,
whose memory may be important or not depending on the
purpose of these measurements. For ping-pong avoidance,
for example, the network may be interested to know the
latest beams the UE can detect, however, for dedicated
RACH allocation per beam, stable measurements might be
preferred. Notice that another advantage could be that the
UE could report these measurements with different filter
coeflicients.

[0096] When it comes to configuring different coefficients
for different RS types, for cell level or beam-level measure-
ments, an advantage of some of the techniques described
herein is that the level of beamforming of these different RS
Types can be quite different. That may affect the stability of
the measurements, too, since, for example, the SS Block
might be transmitted in wide beams (or even omnidirec-
tional), while narrow beams carry CSI-RS.

[0097] For RLM-related measurements or measurement
indications, the network can configure different values for
CSI-RS and SS Block, for example. If narrow beams are
deployed, there will be more situations where a deep signal-
to-interference-plus-noise ratio (SINR) is detected and, the
network may not want the UE to declare RLF based on
these. Hence, it can make sense to have longer filtering.
Similar for SS Block, where the network may want the UE
to act faster, as that may be correlated with the basic
coverage of common control channels of the serving cell.
Signaling overhead may also be reduced in some cases.
[0098] “Filtering,” in the context of the present disclosure,
may include time-domain filtering of RRM measurements
used as input to the evaluation of measurement report
triggering criteria. In that case, filter coefficients can be
configured, e.g., fcl for the latest measurement result and
fc2 for the previously filtered measurement results, such as
reference signal received power (RSRP), reference signal
received quality (RSRQ), or SINR. In this case, embodi-
ments may include different filter coefficients configured per
RS Types, as they may have quite different beamforming
properties or different configured values for cell level and
beam-level measurements.

[0099] Filtering may also include RLF-related filtering
parameters such as the threshold like NR-N310 for the
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number of out-of-sync indications that triggers the RLF
timer. The network can set the value of that threshold higher
than 1 to avoid a quick deep measurement result to trigger
the RLF timer too early. RLF-related filtering parameters
may also include values for the RLF timer. A longer timer
allows the network to have more certainty that conditions
are likely not possible to be recovered, hence, in a broader
sense it can be seen as a filtering configuration. RLF-related
filtering parameters may include the threshold like NR-N311
for the number of in-sync indications that can stop the RLF
timer. The network can set the value of that threshold higher
than 1 to avoid a quick stop of the RLF timer, to only do that
when there is some level of certainty that the link has really
recovered. RLF-related parameters may also include the
threshold on the maximum number of beam failure recovery
attempts that could be configured to trigger RLF. The
network can set the value of that threshold higher than 1 to
avoid a too fast triggering of RLF or the RLF timer. This can
be different for CSI-RS based RLM compared to SS Block
based RLM. In the case of these RLF filtering parameters
(timer, NR-N310, NR-311, etc.), different values coefficients
can be configured per RS Type, as they may have quite
different beamforming properties or different configured
values for cell level and beam-level measurements.

[0100] Some embodiments might be considered to be
more closely related than others to the configuration of RRM
measurements. As noted above, the techniques described
herein include methods where the network node (e.g., serv-
ing gNB) can configure the UE with filtering configurations
with different levels of granularity for beam-level measure-
ments and cell-level measurements.

[0101] In a first embodiment, for example, the network
node can configure the UE with different filtering configu-
rations for beam-level measurements based on a first type of
reference signal (RS1) (e.g., CSI-RS) and beam-level mea-
surements based on a second type of a reference signal
(RS2) (e.g., SS Blocks). In other words, the filtering con-
figuration can be provided per RS Type for beam-level
measurements.

[0102] In a second embodiment, the network node can
configure the UE with a single configuration for beam-level
measurements that is valid for either RS1 (e.g., CSI-RS) or
RS2 (e.g., SS Blocks) based measurements. That can still be
different compared to cell-level filtering configuration.

[0103] In a third embodiment, the network node can
configure the UE with filtering configuration with different
levels of granularity for cell-level measurements based on
RS1 (e.g., CSI-RS) and cell-level measurements based on
RS1 (e.g., SS Blocks) that can still be different compared to
a beam-level filtering configuration.

[0104] In a fourth embodiment, the network node can
configure the UE with a single configuration for cell-level
measurements that is valid for either RS1 (e.g., CSI-RS) or
RS1 (e.g., SS Blocks) based measurements. That can still be
different compared to a beam-level filtering configuration.

[0105] Insome embodiments, a combination of the above-
mentioned embodiments is implemented. For example, for
the highest flexibility, one could have a different filter
configuration per RS type and for beam and cell measure-
ment results. In that case, one way to encode the embodi-
ments in the specifications is just by indicating that the filter
coefficients can be different for beam/cell measurement
results and based on RS1 or RS2 (e.g., SS Block/CSI-RS)
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based measurement results, as follows. Note that this and the
following examples are based on modifications of existing
3GPP specifications.

[0106] 5.5.3.2 Layer 3 Filtering
[0107] The UE shall:
[0108] 1> for each measurement quantity that the UE

performs measurements according to 5.5.3.1:

[0109] 2> filter the measured result, before using for
evaluation of reporting criteria or for measurement
reporting, by the following formula:

F . =(1-a)F,_+a'M,

[0110] where

[0111] M, is the latest received measurement result
from the physical layer (in the case of beam
measurement results) or beam consolidation func-
tion (in the case of cell measurement results);

[0112] F, is the updated filtered measurement
result, that is used for evaluation of reporting
criteria (in the case of cell measurement results) or
for measurement reporting (in the case of cell and
beam measurement results);

[0113] F,_, is the old filtered measurement result,
where F, is set to M, when the first measurement
result from the physical layer or beam consolida-
tion function is received; and

[0114] a=1/2%%, where k is the filterCoefficient
for the corresponding measurement quantity
received by the quantityConfig. There can be
different parameter k for cell measurement results
and beam measurements results. There can also be
different parameter k for measurement results
based on SS Block and CSI-RS;

[0115] 2> adapt the filter such that the time char-
acteristics of the filter are preserved at different
input rates, observing that the filterCoefficient k
assumes a sample rate equal to 200 ms;

[0116] NOTE 2: If k is set to O, no layer 3 filtering is
applicable.

[0117] NOTE 3: The filtering is performed in the same
domain as used for evaluation of reporting criteria or
for measurement reporting, i.e., logarithmic filtering
for logarithmic measurements.

[0118] NOTE 4: The filter input rate is implementation
dependent, to fulfil the performance requirements set in
[16]. For further details about the physical layer mea-
surements, see TS 36.133 [16].”

[0119] NOTE 5: There can be different parameter k for
cell measurement results and beam measurements
results.

[0120] NOTE 6: There can be different parameter k for
cell measurement results and beam measurements
results.

[0121] Another possible way to capture these in the 3GPP
RRC specifications, as below, is by separating the functions
for cell and beam measurement results, and, in each of them,
indicating that filter coefficients for SS Block and CSI-RS
measurement results can be different.

[0122] 5.5.3.2.1 Layer 3 Filtering of Cell Measurement
Results

[0123] The UE shall:

[0124] 1> for each cell measurement quantity that the
UE performs measurements according to 5.5.3.1:
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[0125] 2> filter the cell measured result, before using
for evaluation of reporting criteria or for measure-
ment reporting, by the following formula:

F, =(1-a)yF,_+a'M,

[0126] where

[0127] M, is the latest received measurement result
from the beam consolidation/selection (cell quality
derivation) function as defined in 5.5.x.y;

[0128] F, is the updated filtered cell measurement
result, that is used for evaluation of reporting criteria or
for measurement reporting;

[0129] F,_, is the old filtered cell measurement result,
where F is set to M, when the first measurement result
from the beam consolidation/selection (cell quality
derivation) function as defined in 5.5.x.y is received;
and

[0130] a=1/2(k/4), where k is the filterCoeflicient for
the corresponding cell measurement quantity received
by the quantityConfig, where k can be configured
differently for cell measurement results based on SS
Block and CSI-RS;

[0131] 2> adapt the filter such that the time charac-
teristics of the filter are preserved at different input
rates, observing that the filterCoefficient k assumes a
sample rate equal to 200 ms;

[0132] NOTE 2: If k is set to O, no layer 3 filtering is
applicable.
[0133] NOTE 3: The filtering is performed in the same

domain as used for evaluation of reporting criteria or
for measurement reporting, i.e., logarithmic filtering
for logarithmic measurements.

[0134] NOTE 4: The filter input rate is implementation
dependent, to fulfil the performance requirements set in
[16]. For further details about the physical layer mea-
surements, see TS 36.133 [16].
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[0135]
Results
[0136] The UE shall:

[0137] 1> for each beam measurement quantity that the
UE performs measurements according to 5.5.3.1:
[0138] 2> filter the beam measured result, before

using for measurement reporting, by the following
formula:

5.5.3.2.2 Layer 3 Filtering of Beam Measurement

F=(1-ayF,_+a'M,

[0139] where

[0140] M, is the latest received measurement result
from the physical layer;

[0141] F,, is the updated filtered beam measurement
result, that is used for measurement reporting;

[0142] F,,_, is the old filtered beam measurement result,
where F is set to M, when the first measurement result
from the physical layer is received; and

[0143] a=1/2(k/4), where k is the filterCoefficient for
the corresponding beam measurement quantity
received by the quantityConfig, where k can be con-
figured differently for beam measurement results based
on SS Block and CSI-RS;

[0144] 2> adapt the filter such that the time charac-
teristics of the filter are preserved at different input
rates, observing that the filterCoefficient k assumes a
sample rate equal to 200 ms;

[0145] NOTE 2: If k is set to 0, no layer 3 filtering is
applicable.
[0146] NOTE 3: The filtering is performed in the same

domain as used for evaluation of reporting criteria or
for measurement reporting, i.e., logarithmic filtering
for logarithmic measurements.

[0147] NOTE 4: The filter input rate is implementation
dependent, to fulfil the performance requirements set in
[16]. For further details about the physical layer mea-
surements, see TS 36.133 [16].

QuantityConfig
The IE QuantityConfig specifies the measurement quantities
and layer 3 filtering coefficients for NR
and inter-RAT measurements.
QuantityConfig information element

-- ASN1START
QuantityConfig ::= SEQUENCE {
quantityConfigNR QuantityConfigNR ~ OPTIONAL,
-- Need ON
QuantityConfigNR::= SEQUENCE {
quantityConfigCell QuantityConfigRS
quantityConfigBeam QuantityConfigRS ~ OPTIONAL,
¥
QuantityConfigRS ::= SEQUENCE {

// SS Block based

ssbFilterCoeflicientRSRP
ssbFilterCoeflicientRSRQ
ssbFilterCoeflicientRS-SINR

FilterCoefficient
FilterCoefficient
FilterCoefficient

DEFAULT fc4,
DEFAULT fc4,
DEFAULT fc4,

// CSI-RS based

csi-rsFilterCoefficientRSRP
csi-rsFilterCoefficientRSRQ
csi-rsFilterCoefficientRS-SINR

}

-- ASN1STOP

FilterCoefficient
FilterCoefficient
FilterCoefficient

DEFAULT fc4,
DEFAULT fc4,
DEFAULT fc4,
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[0148] Another possible way to capture these in the RRC
specifications, as shown in below, is by separating the
functions for SS Block based measurement results (for both
cell and beam level) and CSI-RS based measurement results
(for both cell and beam level). One way to encode that in the
RRC specifications is by defining the quantityConfig IE per
RS Type and, for each RS type, define cell level and beam
level coefficients for each measurement quantity, e.g., RSRP,
RSRQ and SINR. That is shown as follows:

[0149] 5.5.3.2 Layer 3 Filtering of SS Block Measurement
Results

[0150] The UE shall:

[0151] 1> for each measurement quantity derived based
on SS Block that the UE performs measurements
according to 5.5.3.1:

[0152] 2> filter the measured result, before using for
evaluation of reporting criteria or for measurement
reporting, by the following formula:

F, =(1-a)yF,_+a'M,

[0153] where

[0154] M, is the latest received measurement
result from the physical layer (in the case of beam
measurement results) or beam consolidation func-
tion (in the case of cell measurement results);

[0155] F, is the updated filtered measurement
result, that is used for evaluation of reporting
criteria (in the case of cell measurement results) or
for measurement reporting (in the case of cell and
beam measurement results);

[0156] F,_, is the old filtered measurement result,
where F, is set to M, when the first measurement
result from the physical layer or beam consolida-
tion function is received; and

[0157] a=1/2%%, where k is the filterCoefficient
for the corresponding measurement quantity
received by the quantityConfig. There can be
different parameter k for cell measurement results
and beam measurements results.

[0158] 2> adapt the filter such that the time char-
acteristics of the filter are preserved at different
input rates, observing that the filterCoefficient k
assumes a sample rate equal to 200 ms;

[0159] NOTE 2: If k is set to 0, no layer 3 filtering is
applicable.
[0160] NOTE 3: The filtering is performed in the same

domain as used for evaluation of reporting criteria or
for measurement reporting, i.e., logarithmic filtering
for logarithmic measurements.

[0161] NOTE 4: The filter input rate is implementation
dependent, to fulfil the performance requirements set in
[16]. For further details about the physical layer mea-
surements, see TS 36.133 [16].”
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[0163]
Results

[0164] The UE shall:

[0165] 1> for each measurement quantity derived based
on CSI-RS that the UE performs measurements accord-
ing to 5.5.3.1:

[0166] 2> filter the measured result, before using for

evaluation of reporting criteria or for measurement
reporting, by the following formula:

5.5.3.2 Layer 3 Filtering of CSI-RS Measurement

F=(1-ayF,_+a'M,

[0167]

[0168] M, is the latest received measurement result
from the physical layer (in the case of beam measure-
ment results) or beam consolidation function (in the
case of cell measurement results);

[0169] F, is the updated filtered measurement result,
that is used for evaluation of reporting criteria (in the
case of cell measurement results) or for measurement
reporting (in the case of cell and beam measurement

results);

[0170] F,_, is the old filtered measurement result,
where F, is set to M, when the first measurement result
from the physical layer or beam consolidation function
is received; and

[0171] a=1/2%% where k is the filterCoeflicient for the
corresponding measurement quantity received by the
quantityConfig. There can be different parameter k for
cell measurement results and beam measurements
results.

[0172] 2> adapt the filter such that the time charac-
teristics of the filter are preserved at different input
rates, observing that the filterCoefficient k assumes a
sample rate equal to 200 ms;

where

[0173] NOTE 2: If k is set to 0, no layer 3 filtering is
applicable.
[0174] NOTE 3: The filtering is performed in the same

domain as used for evaluation of reporting criteria or
for measurement reporting, i.e., logarithmic filtering
for logarithmic measurements.

[0175] NOTE 4: The filter input rate is implementation
dependent, to fulfil the performance requirements set in
[16]. For further details about the physical layer mea-
surements, see TS 36.133 [16].”

[0176] NOTE 5: There can be different parameter k for
cell measurement results and beam measurements
results.

[0177]
Quantities and Layer 3 Filtering Coefficients for NR and

The IE Quantity Config Specifies the Measurement

[0162] NOTE 5: There can be different parameter k for
cell measurement results and beam measurements Inter-RAT Measurements.
results. [0178] Quantity Config Information Element
QuantityConfig information element
-- ASN1START
QuantityConfig ::= SEQUENCE {
quantityConfigNR QuantityConfigNR OPTIONAL, --
Need ON
QuantityConfigNR::= SEQUENCE {
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-continued
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QuantityConfig information element

quantityConfigSS QuantityConfigRS
quantityConfigCSI-RS QuantityConfigRS
QuantityConfigRSs ::= SEQUENCE {

// L3 filter cell level
cellLevelFilterCoeflicientRSRP
cellLevelfilterCoefficientRSRQ
cellLevelFilterCoeflicientRS-SINR
// L3 filter beam level
beamLevelfilterCoefficientRSRP
beamLevelfilterCoefficientRSRQ
beamLevelfilterCoefficientRS-SINR

Filtercoefficient
FilterCoeflicient
FilterCoeflicient

FilterCoeflicient
FilterCoeflicient
FilterCoeflicient

}

-- ASN1STOP

DEFAULT fc4,
DEFAULT fc4,
DEFAULT fc4

DEFAULT fc4,
DEFAULT fc4,
DEFAULT fc4,

[0179] In a fifth embodiment, the UE can be configured to
perform L types of measurements with L. different filtering
configurations. These measurements can be for the same RS
type and same level. For example, the network can configure
the UE to perform CSI-RS based beam-level measurements
with a given filtering configuration a (with longer memory)
and another filtering configuration a (with shorter memory).
In another example, the network can configure the UE to
perform SS Block based beam-level measurements with a
given filtering configuration a (with longer memory) and
another filtering configuration a (with shorter memory). In
another example, the network can configure the UE to
perform SS Block based cell-level measurements with a
given filtering configuration a (with longer memory) and
another filtering configuration a (with shorter memory). In
another example, the network can configure the UE to
perform CSI-RS based cell-level measurements with a given
filtering configuration a (with longer memory) and another
filtering configuration a (with shorter memory).

[0180] The method may also include the UE reporting
these measurements with some indication that they are
associated with their filtering configurations. One way to
realize this flexibility could be to enable the network to
configure the UE with multiple quantityConfig IEs per RAT,
where each could be possibly associated to a measurement
ID. Another possibility is to have the quantityConfig serve
as an IE of the reportConfig instead of the measConfig.

[0181] In another embodiment, the network can indicate
implicitly or explicitly whether the filter configurations are
the same or different compared to a reference filter configu-
ration (e.g., filter configuration for a specific type of mea-
surements or signals or frequency may be considered as a
reference). An implicit indication may be, for example,
when the filtering configurations are different, they are
provided by the network node. Otherwise, they can be
assumed by the UE to be the same as a reference.

[0182] In yet another embodiment, two different filtering
configurations are configured when the two measurements
or the signals used for the measurements are characterized
by one or more of: different numerologies, the difference in
subcarrier spacing is above a threshold, the difference in the
two carrier frequencies is above a threshold, the difference
in periodicity of signals is above a threshold, the difference
in bandwidths is above a threshold, at least one of the
bandwidths is above a threshold, or the difference in sam-

pling rate is above a threshold. Otherwise, the filtering
configurations can be the same.

[0183] In yet another embodiment, a cell-level measure-
ment based on one or more beam measurements has a
different filtering configuration than that for the beam mea-
surements used to determine the cell-level measurement
when one or more conditions are met. This may include, for
example, the periodicity of obtaining the cell-level measure-
ment is different (e.g., less frequent) than obtaining the beam
measurement and/or the number of beams is above a thresh-
old. This may also include the difference between two or
more beam measurements used to determine the cell-level
measurement is above a threshold (e.g., RSRP of beam #1 is
-70 dBm, RSRP of beam #2 is =110 dBm, so in this case the
cell-level measurement may have a different filtering con-
figuration than the filtering configuration of at least one of
the two beams; RSRP of beam #1 is =70 dBm, RSRP of
beam #2 is =90 dBm, so the cell-level measurement filtering
configuration may be the same as for beam measurements).
This may include the threshold for selecting beam measure-
ments for determining cell-level measurement is below a
threshold.

[0184] When the rules are known to the UE (e.g., pre-
defined or indicated to the UE by a network node), then the
UE determines at least one set of filtering configuration
parameters (e.g., for a certain type of measurement) or at
least a subset of filtering configuration parameters based on
the determined rules (e.g., k1 is signaled while k2 is deter-
mined based on a rule, and both k1 and k2 are used to
configure filtering function f(k1, k2) for a UE measurement).
[0185] In yet another embodiment, the filtering configu-
ration (e.g., coefficient of Layer 3 filter) parameter for
beam-level measurements may depend on the beam con-
figuration (e.g., number of beams to be measured, number of
SS blocks within the SS burst, etc.) of the beams on which
the UE is expected to perform a beam level radio measure-
ment. The relation between the filtering coefficient (K) and
number of SS blocks per SS burst (L) can be based on any
of: implementation in the network node (e.g., gNB, BS, etc.)
when configuring the UE with the filtering parameters; a
predefined rule; or a function or rule can be signaled to the
UE.

[0186] An example of such a rule (which can be imple-
mented, pre-defined, or configured) is K=f(K,, L), where
K, =reference coefficient value. Examples of functions are
max, min, multiply, etc. In one specific example of the rule,
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K=K,*L. In another example of the rule, the filtering
coeflicient (K) can be larger when larger number (L) of SS
blocks are transmitted in the SS burst set or vice versa, e.g.,
K=8 and K=16 for =4 and [.=16 respectively. This enables
the UE to perform more time domain averaging of signals
when larger number of beams are transmitted by the network
node. Because in this case (when there are more beams), the
beams are narrower. Therefore, more time averaging is
achieved by a larger value of K, which enhances the reli-
ability of the measurement performed on beams. The
enhancement in the reliability of the measurement results
lead to more accurate execution of procedures (e.g., beam
change, cell quality estimation, scheduling, power control,
etc.) which rely on such measurements.

[0187] Another set of embodiments can be considered as
more closely related to the configuration of RL.M measure-
ments used as inputs to RLF control, which includes such
things as the triggering of an RLF timer, the stopping of the
RLF timer, direct triggering of RLF, etc. It should be
understood, however, that one or more of these embodi-
ments may overlap and/or complement the embodiments
described above.

[0188] In one embodiment, there is a parameter differen-
tiation for RLM done on a single-beam configuration versus
multi-beam configuration. According to that, the UE is
configured with at least two sets of parameters associated
with higher layer filtering used for time domain filtering the
radio link quality estimated by the UE for the purpose of
radio link monitoring: one set of such parameters are used
for RLM done on single beam on a first type of reference
signal (RS1) (e.g., RS1=CSI-RS) and another set of such
parameters are used for RLM done on multiple beams (e.g.,
multi-beam RLM) on RS1. For example, the UE is config-
ured with: a first set of parameters (N11 and N12) which are
used for RLM based on single beam using RS1 and a second
set of parameters (N11' and N12') which are used for RLM
based on multiple beams using RS1. In another example, the
UE is configured with: a third set of parameters (N21 and
N22) which are used for RLM based on single beam using
a second type of reference signal (RS2) and a fourth set of
parameters (N21' and N22") which are used for RLM based
on multiple beams using RS2. An example of RS2 is signals
in SS blocks (e.g., SSS) according to another aspect the
parameters N11', N12', N21' and N22' are further dependent
on the beam configuration such as the number of beams used
for RLM or the number of SS blocks within the SS burst set.

[0189] According to yet another embodiment, the UE is
configured by the network node with at least two sets of
parameters associated with higher layer filtering (e.g., time
domain layer-3 filtering, etc.) used for time domain filtering
the radio link quality estimated by the UE for the purpose of
radio link monitoring using the same type of the reference
signal. One set of the filtering parameters may be used by the
UE for performing the RLM on single beam by estimating
the DL radio link quality (e.g., signal quality such as SNR,
SINR, etc.) using a certain type of reference signal (e.g.,
RSx). Another set of the filtering parameters may be used by
the UE for performing the RLM on multiple beams (e.g.,
multi-beam RLM) also using RSx.

[0190] Inmulti-beam RLM the UE estimates the downlink
signal quality of all the beams configured for doing RLM.
Examples of RSx are CSI-RS, SSS, demodulation reference
signal (DMRS), etc. The UE may further be configured with
different sets of parameters for doing RLM for different
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types of reference signals. The second set of the parameters
in the above case can further be associated with beam
configurations. For example, the values of the parameters
may linearly or non-linearly scale with the number of beams.
These aspects are described below with a few examples
below.

[0191] In one example, the UE can be configured by the
network node with a first set of filtering parameters (e.g.,
N11 and N12) that are used by the UE for doing RLM based
on single beam using a first set of reference signals (RS1).
The parameters N11 and N12 are used for filtering the
downlink signal quality used for out-of-sync detection and
in-sync detection respectively in single-beam based RLM.
For example, the UE starts the radio link failure timer (e.g.,
T310) when N11 consecutive out-of-sync indications are
detected by the UE, and this timer is stopped when N12
consecutive in-sync indications are detected by the UE. A
second set of parameters (N11' and N12') may be used by the
UE for doing RL.M based on multiple beams using RS1. The
parameters N11' and N12' are used for filtering downlink
signal quality used for out-of-sync detection and in-sync
detection respectively in multi-beam based RLM. For
example, the UE starts the radio link failure timer (e.g.,
T310) when N11' consecutive out-of-sync indications are
detected by the UE, and this timer is stopped when N12'
consecutive in-sync indications are detected by the UE.

[0192] In another example, the UE can be configured by
the network node with a third set of parameters (N21 and
N22) that are used by the UE for doing RLM based on single
beam using a second type of reference signal (RS2). The
parameters N21 and N22 are used for filtering downlink
signal quality used for out-of-sync detection and in-sync
detection respectively in single-beam based RLM. For
example, the UE starts the radio link failure timer (e.g.,
T310) when N21 consecutive out-of-sync indications are
detected by the UE, and this timer is stopped when N22
consecutive in-sync indications are detected by the UE. A
fourth set of parameters (N21' and N22') may be are used for
RLM based on multiple beams using RS2. The parameters
N21' and N22' are used for filtering DL signal quality used
for out-of-sync detection and in-sync detection respectively
in multi-beam based RLM. For example, the UE starts the
radio link failure timer (e.g., T310) when N21' consecutive
out-of-sync indications are detected by the UE, and this
timer is stopped when N22' consecutive in-sync indications
are detected by the UE. An example of RS1 is CSI-RS. An
example of RS2 is signals in SS blocks, e.g., SSS, etc.

[0193] According to another aspect of this embodiment,
the filtering parameters (e.g., N11', N12', N21' and N22")
used for filtering the estimated signal quality for RLM in
multi-beam RLM are further associated with the beam
configuration of the beams used for doing RLM. The asso-
ciation can be any of: pre-defined, implementation in the
network node and configured by the network node in the UE.
Examples of beam configuration parameters are number of
beams used for RLM, number of SS blocks within the SS
burst set etc. For example, if the number (P) of beams (e.g.,
SS blocks) used for multi-beam RLM based on SS block
signal is above certain beam threshold then the value of the
associated filtering parameter (e.g., N21' and/or N22') is
above certain filtering threshold (G) otherwise the value of
the associated filtering parameter is equal to or below G. For
example, if P=4 then N21' and N22' are 2 and 4 respectively.
But, if P=8 then N21' and N22' are 4 and 8 respectively.
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[0194] In the previously described embodiments, another
RLF related parameter that could be configured with similar
level of granularity is the RLF timer, expressed in some of
the previous examples as T310. In that case, there can be
different values for single beam and multi-beam scenarios.
There can be different values depending on the beamforming
configuration. There can be different values for different RS
types that are configured, e.g., a long value for SS Block
based RLM compared to CSI-RS based RLM.

[0195] In the multi-beam case, one aspect may be the
trigger conditions for events that output, e.g., out-of-sync
indication. For a single beam case, it is, for example, the 2%
hypothetical BLER. In multi-beam cases there are more
options. A first option is for all beams that a UE follows fall
below 2% hypothetical BLER (or other single-beam thresh-
old). A second option is an event for counting one count
towards N21' a configured number out of all followed beams
fall below “a single-beam threshold”. A third option is an
event for counting one count towards N21' a configured
number V out of all followed beams are above “a single-
beam threshold” but rest are below. For example, the total
number of followed beams is P=7. In the third option, a
count towards N21' happens if the UE only sees V=2 beams
above the configured single-beam threshold T'. V is sort of
a safe margin to monitor the UE as it still sees at least V
beams. If the UE is simultaneously configured with N21 and
N22 (single-beam configuration), the UE would trigger a
count towards N21 when the last beam is below a single-
beam threshold T. Note that T' and T may have the same or
different value, such as the same or different percentage
hypothetical BLER.

[0196] The network can configure the UE to trigger RLF
based on the maximum number of beam recovery attempts.
In one embodiment, this maximum number of beam failure
recovery attempts before RLF is declared can be configured
separately, i.e., differently for beam recovery based on
CSI-RS and SS Block.

[0197] In accordance with some of the embodiments
described above, FIG. 3 illustrates a block diagram of a
wireless device 50, according to some embodiments. The
wireless device 50 may be a UE, a radio communication
device, target device (device targeted for communication),
device-to-device (D2D) UE, machine type UE or UE
capable of machine-to-machine (M2M), a sensor equipped
with UE, iPAD device, tablet, mobile terminals, smart
phone, LEE, LME, USB dongles, CPE, etc.

[0198] The wireless device 50 communicates with one or
more nodes, via antennas 54 and transceiver circuitry 56.
The transceiver circuitry 56 may include transmitter circuits,
receiver circuits, and associated control circuits that are
collectively configured to transmit and receive signals
according to a radio access technology, for the purposes of
providing cellular communication services. According to
various embodiments, cellular communication services may
be operated according to, for example, NR standards.

[0199] The wireless device 50 includes processing cir-
cuitry 52 that is operatively associated with the transceiver
circuitry 56. The processing circuitry 52 comprises one or
more digital processing circuits, e.g., one or more micro-
processors, microcontrollers, Digital Signal Processors
(DSPs), Field Programmable Gate Arrays (FPGAs), Com-
plex Programmable Logic Devices (CPLDs), Application
Specific Integrated Circuits (ASICs), or any mix thereof.
More generally, the processing circuitry 52 may comprise
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fixed circuitry, or programmable circuitry that is specially
adapted via the execution of program instructions imple-
menting the functionality taught herein, or may comprise
some mix of fixed and programmed circuitry. The process-
ing circuitry 52 may be multi-core.

[0200] The processing circuitry 52 also includes a memory
64. The memory 64, in some embodiments, stores one or
more computer programs 66 and, optionally, configuration
data 68. The memory 64 provides non-transitory storage for
the computer program 66 and it may comprise one or more
types of computer-readable media, such as disk storage,
solid-state memory storage, or any mix thereof. Here, “non-
transitory” means permanent, semi-permanent, or at least
temporarily persistent storage and encompasses both long-
term storage in non-volatile memory and storage in working
memory, e.g., for program execution. By way of non-
limiting example, the memory 64 comprises any one or more
of SRAM, DRAM, EEPROM, and FLLASH memory, which
may be in the processing circuitry 52 and/or separate from
processing circuitry 52. The memory 64 may also store any
configuration data 68 used by the wireless device 50.

[0201] In some embodiments, the processor 62 of the
processing circuitry 52 may execute a computer program 66
stored in the memory 64 that configures the processor 62 to
perform measurements for RRM and/or RLM. The process-
ing circuitry 52 may be configured to perform a plurality of
radio measurements. The processing circuitry 52 may also
be configured to filter at least a first subset of the radio
measurements using a first filtering configuration and filter
at least a second subset of the radio measurements using a
second filtering configuration, where the second filtering
configuration differs from the first filtering configuration.
The first and second filtering configurations apply to first
and second different types of reference signals, respectively,
or to beam-level measurements and cell-level measure-
ments, respectively.

[0202] In some embodiments, the processing circuitry 52
is configured to perform a corresponding method of per-
forming measurements for RRM and/or RLM, such as
method 400 illustrated by FIG. 4. The method 400 includes
performing a plurality of radio measurements (block 402),
filtering at least a first subset of the radio measurements
using a first filtering configuration (block 404) and filtering
at least a second subset of the radio measurements using a
second filtering configuration, (block 406), where the second
filtering configuration differs from the first filtering configu-
ration. The method 400 may further include performing
Layer 1 filtering of measured radio samples to obtain the
plurality of radio measurements.

[0203] The filtering using the first filtering configuration
and the filtering using the second filtering configuration may
each comprise Layer 3 filtering. The first and second filter-
ing configurations may differ with respect to at least an
averaging parameter.

[0204] The Layer 3 filtering for at least one of the filtering
using the first filtering configuration and the filtering using
the second filtering configuration may produce filtered cell-
specific quality measurements. The method 400 may further
include performing beam consolidation and selection, based
on beam-specific radio measurements, prior to Layer 3
filtering of cell-specific quality measurements. The Layer 3
filtering for at least one of the filtering using the first filtering
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configuration and the filtering using the second filtering
configuration may also produce filtered beam-specific qual-
ity measurements.

[0205] In some cases, the filtering using the first filtering
configuration and the filtering using the second filtering
configuration each comprise filtering for evaluating RLF. In
these cases, the first and second filtering configurations may
differ with respect to at least one of: a number of consecutive
out-of-sync indications that trigger a start of a RLF timer; a
number of consecutive in-sync indications that stop a run-
ning RLF timer; an RLF timer duration; and a maximum
number of beam failure recovery attempts that trigger dec-
laration of RLF or start of an RLF timer.

[0206] The first and second different types of reference
signals may be a CSI-RS and a synchronization signal in a
synchronization signal block, respectively. The method 400
may also include receiving signaling indicating at least one
parameter of at least one of the first and second filtering
configurations.

[0207] Insome cases, at least one parameter of at least one
of the first and second filtering configurations depends on at
least one of: a periodicity of obtaining cell-level measure-
ments or a periodicity of obtaining beam-level measure-
ments, or both; a number of beams being measured; a
difference in measurement value between two or more beam
measurements used to determine a cell-level measurement;
and a number of synchronization signal blocks with a
synchronization signal burst.

[0208] FIG. 5 illustrates an example of the network node
30, according to some embodiments. The network node 30
may be a radio access network node that facilitates com-
munication between UEs and the core network. In using the
generic terminology of “radio access network node,” a radio
access network node can be a base station, radio base station,
base transceiver station, base station controller, network
controller, evolved Node B (eNB), Node B, relay node,
access point, radio access point, Remote Radio Unit (RRU)
or Remote Radio Head (RRH). In the case where the
transmitting device is a radio access network node, the radio
access network node may include a communication interface
circuit 38 that includes circuitry for communicating with
other nodes in the core network, radio nodes, and/or other
types of nodes in the network for the purposes of providing
data and cellular communication services.

[0209] The network node 30 communicates with other
devices via antennas 34 and transceiver circuitry 36. The
transceiver circuitry 36 may include transmitter circuits,
receiver circuits, and associated control circuits that are
collectively configured to transmit and receive signals
according to a radio access technology, for the purposes of
providing cellular communication services. According to
various embodiments, cellular communication services may
be operated according to any one or more of the 3GPP
cellular standards, including NR.

[0210] The network node 30 also includes one or more
processing circuits 32 that are operatively associated with
the transceiver circuitry 36 to communicate with other
devices and, in some cases, operatively associated with the
communication interface circuit 38 to communicate with
network nodes. The communication may include multi-
carrier operations. The term “multi-carrier” may involve
similar terms such as “multi-carrier system”, “multi-cell
operation”, “multi-carrier operation”, and “multi-carrier”
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transmission and/or reception. Multi-carrier operation may
also be considered to involve CA.

[0211] For ease of discussion, the one or more processing
circuits 32 are referred to hereafter as “the processing
circuitry 32.” The processing circuitry 32 comprises one or
more digital processors 42, e.g., one or more Microproces-
sors, microcontrollers, DSPs, FPGAs, CPLDs, ASICs, or
any mix thereof. More generally, the processing circuitry 32
may comprise fixed circuitry, or programmable circuitry that
is specially configured via the execution of program instruc-
tions implementing the functionality taught herein, or may
comprise some mix of fixed and programmed circuitry. The
processor 42 may be multi-core having two or more pro-
cessor cores utilized for enhanced performance, reduced
power consumption, and more efficient simultaneous pro-
cessing of multiple tasks.

[0212] The processing circuitry 32 also includes a memory
44. The memory 44, in some embodiments, stores one or
more computer programs 46 and, optionally, configuration
data 48. The memory 44 provides non-transitory storage for
the computer program 46 and it may comprise one or more
types of computer-readable media, such as disk storage,
solid-state memory storage, or any mix thereof. By way of
non-limiting example, the memory 44 comprises any one or
more of SRAM, DRAM, EEPROM, and FLLASH memory,
which may be in the processing circuitry 32 and/or separate
from the processing circuitry 32.

[0213] In some embodiments, the processor 42 of the
processing circuitry 32 executes a computer program 46
stored in the memory 44 that configures the processor 42 to
facilitate measurements for RRM and/or RLM. The process-
ing circuitry 32 is configured to send, to a wireless device,
information indicating a first filtering configuration for
RRM and/or RLM and a second filtering configuration for
RRM and/or RLLM, where the second filtering configuration
differs from the first filtering configuration. The first and
second filtering configurations apply to first and second
different types of reference signals, respectively, or to beam-
level measurements and cell-level measurements, respec-
tively.

[0214] In some embodiments, the processing circuitry 32
is configured to perform a corresponding method for facili-
tating measurements for RRM and/or RLM, such as method
600 illustrated by FIG. 6. The method 600 includes sending,
to a wireless device, information indicating a first filtering
configuration for RRM and/or RLM and a second filtering
configuration for RRM and/or RLM, the second filtering
configuration differing from the first filtering configuration
(block 602).

[0215] The first and second filtering configurations may
differ with respect to at least an averaging parameter for
Layer 3 filtering. The first and second filtering configura-
tions may also relate to filtering for evaluating RLF.

[0216] In some cases, the first and second filtering con-
figurations differ with respect to at least one of: a number of
consecutive out-of-sync indications that trigger a start of a
RLF timer; a number of consecutive in-sync indications that
stop a running RLF timer; an RLF timer duration; and a
maximum number of beam failure recovery attempts that
trigger declaration of RLF or start of an RLF timer.

[0217] The first and second different types of reference
signals may be a CSI-RS and a synchronization signal in a
synchronization signal block, respectively.
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[0218] FIG. 7 illustrates an example functional module or
circuit architecture as may be implemented in a wireless
device 50. The illustrated embodiment at least functionally
includes a measuring module 702 for performing a plurality
of radio measurements, a first filtering module 704 for
filtering at least a first subset of the radio measurements
using a first filtering configuration, and a second filtering
module 706 for filtering at least a second subset of the radio
measurements using a second filtering configuration, where
the second filtering configuration differing from the first
filtering configuration. The first and second filtering con-
figurations apply to first and second different types of
reference signals, respectively, or to beam-level measure-
ments and cell-level measurements, respectively.

[0219] FIG. 8 illustrates an example functional module or
circuit architecture as may be implemented in a network
node 30. The illustrated embodiment at least functionally
includes a sending module 802 for sending, to a wireless
device, information indicating a first filtering configuration
for RRM and/or RLLM and a second filtering configuration
for RRM and/or RLM, where the second filtering configu-
ration differs from the first filtering configuration. The first
and second filtering configurations apply to first and second
different types of reference signals, respectively, or to beam-
level measurements and cell-level measurements, respec-
tively.

[0220] Notably, modifications and other embodiments of
the disclosed invention(s) will come to mind to one skilled
in the art having the benefit of the teachings presented in the
foregoing descriptions and the associated drawings. There-
fore, it is to be understood that the invention(s) is/are not to
be limited to the specific embodiments disclosed and that
modifications and other embodiments are intended to be
included within the scope of this disclosure. Although spe-
cific terms may be employed herein, they are used in a
generic and descriptive sense only and not for purposes of
limitation.

What is claimed is:
1. A method in a wireless device, the method comprising:
performing a plurality of radio measurements;

filtering at least a first subset of the radio measurements
using a first filtering configuration; and

filtering at least a second subset of the radio measure-
ments using a second filtering configuration, the second
filtering configuration differing from the first filtering
configuration;

wherein the first and second filtering configurations apply to
first and second different types of reference signals, respec-
tively, and wherein the filtering using the first filtering
configuration and the filtering using the second filtering
configuration each comprise Layer 3 filtering.

2. The method of claim 1, further comprising performing
Layer 1 filtering of measured radio samples to obtain the
plurality of radio measurements.

3. The method of claim 1, wherein the first and second
filtering configurations differ with respect to at least an
averaging parameter.

4. The method of claim 1, wherein the Layer 3 filtering for
at least one of the filtering using the first filtering configu-
ration and the filtering using the second filtering configura-
tion produces filtered cell-specific quality measurements.
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5. The method of claim 4, further comprising performing
beam consolidation and selection, based on beam-specific
radio measurements, prior to Layer 3 filtering of cell-specific
quality measurements.

6. The method of claim 1, wherein the Layer 3 filtering for
at least one of the filtering using the first filtering configu-
ration and the filtering using the second filtering configura-
tion produces filtered beam-specific quality measurements.

7. The method of claim 1, wherein the filtering using the
first filtering configuration and the filtering using the second
filtering configuration each comprise filtering for evaluating
radio-link failure (RLF).

8. The method of claim 7, wherein the first and second
filtering configurations differ with respect to at least one of:
a number of consecutive out-of-sync indications that trigger
a start of a RLF timer; a number of consecutive in-sync
indications that stop a running RLF timer; an RLF timer
duration; and a maximum number of beam failure recovery
attempts that trigger declaration of RLF or start of an RLF
timer.

9. The method of claim 1, wherein the first and second
different types of reference signals are channel-state infor-
mation reference signals (CSI-RS) and a synchronization
signal in a synchronization signal block, respectively.

10. The method of claim 1, further comprising receiving
signaling indicating at least one parameter of at least one of
the first and second filtering configurations.

11. The method of claim 1, wherein at least one parameter
of at least one of the first and second filtering configurations
depends on at least one of:

a periodicity of obtaining cell-level measurements or a
periodicity of obtaining beam-level measurements, or
both;

a number of beams being measured;

a difference in measurement value between two or more
beam measurements used to determine a cell-level
measurement; and

a number of synchronization signal blocks with a syn-
chronization signal burst.

12. A method in a network node, the method comprising:

sending, to a wireless device, information indicating a
first filtering configuration for radio resource manage-
ment (RRM) and a second filtering configuration for
RRM, the second filtering configuration differing from
the first filtering configuration;

wherein the first and second filtering configurations apply to
first and second different types of reference signals, respec-
tively, and wherein the first and second filtering configura-
tions are each for Layer 3 filtering.

13. The method of claim 12, wherein the first and second
filtering configurations differ with respect to at least an
averaging parameter for Layer 3 filtering.

14. The method of claim 12, wherein the first and second
filtering configurations relate to filtering for evaluating
radio-link failure (RLF).

15. The method of claim 14, wherein the first and second
filtering configurations differ with respect to at least one of:
a number of consecutive out-of-sync indications that trigger
a start of a RLF timer; a number of consecutive in-sync
indications that stop a running RLF timer; an RLF timer
duration; and a maximum number of beam failure recovery
attempts that trigger declaration of RLF or start of an RLF
timer.
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16. The method of claim 12, wherein the first and second
different types of reference signals are channel-state infor-
mation reference signals (CSI-RS) and a synchronization
signal in a synchronization signal block, respectively.

17. A wireless device, comprising:

transceiver circuitry configured to transmit and receive

radio signals; and

processing circuitry operatively associated with the trans-

ceiver circuitry and configured to:

perform a plurality of radio measurements;

filter at least a first subset of the radio measurements
using a first filtering configuration; and

filter at least a second subset of the radio measurements
using a second filtering configuration, the second
filtering configuration differing from the first filter-
ing configuration;

wherein the first and second filtering configurations apply

to first and second different types of reference signals,
respectively, and wherein the filtering using the first
filtering configuration and the filtering using the second
filtering configuration each comprise Layer 3 filtering.

18. The wireless device of claim 17, wherein the process-
ing circuitry is configured to perform Layer 1 filtering of
measured radio samples to obtain the plurality of radio
measurements.

19. The wireless device of claim 17, wherein the first and
second filtering configurations differ with respect to at least
an averaging parameter.

20. The wireless device of claim 17, wherein the Layer 3
filtering for at least one of the filtering using the first filtering
configuration and the filtering using the second filtering
configuration produces filtered cell-specific quality mea-
surements, and wherein the processing circuitry is config-
ured to perform beam consolidation and selection, based on
beam-specific radio measurements, prior to Layer 3 filtering
of cell-specific quality measurements.

21. The wireless device of claim 17, wherein the Layer 3
filtering for at least one of the filtering using the first filtering
configuration and the filtering using the second filtering
configuration produces filtered beam-specific quality mea-
surements.

22. The wireless device of claim 17, wherein the process-
ing circuitry is configured to filter using the first filtering
configuration and the filter using the second filtering con-
figuration, wherein each comprise filtering for evaluating
radio-link failure (RLF).

23. The wireless device of claim 22, wherein the first and
second filtering configurations differ with respect to at least
one of: a number of consecutive out-of-sync indications that
trigger a start of a RLF timer; a number of consecutive
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in-sync indications that stop a running RLF timer; an RLF
timer duration; and a maximum number of beam failure
recovery attempts that trigger declaration of RLF or start of
an RLF timer.
24. The wireless device of claim 17, wherein the first and
second different types of reference signals are channel-state
information reference signals (CSI-RS) and a synchroniza-
tion signal in a synchronization signal block, respectively.
25. The wireless device of claim 17, wherein at least one
parameter of at least one of the first and second filtering
configurations depends on at least one of:
a periodicity of obtaining cell-level measurements or a
periodicity of obtaining beam-level measurements, or
both;
a number of beams being measured;
a difference in measurement value between two or more
beam measurements used to determine a cell-level
measurement; and
a number of synchronization signal blocks with a syn-
chronization signal burst.
26. A network node, comprising:
transceiver circuitry configured to communicate with a
wireless device; and
processing circuitry operatively associated with the trans-
ceiver circuitry and configured to:
send, to the wireless device via the transceiver circuitry,
information indicating a first filtering configuration
for radio resource management (RRM) and a second
filtering configuration for RRM, the second filtering
configuration differing from the first filtering con-
figuration;

wherein the first and second filtering configurations
apply to first and second different types of reference
signals, respectively, and wherein the first and sec-
ond filtering configurations are each for Layer 3
filtering.

27. The network node of claim 26, wherein the first and
second filtering configurations differ with respect to at least
an averaging parameter for Layer 3 filtering.

28. The network node of claim 26, wherein the first and
second filtering configurations relate to filtering for evalu-
ating radio-link failure (RLF) and wherein the first and
second filtering configurations differ with respect to at least
one of: a number of consecutive out-of-sync indications that
trigger a start of an RLF timer; a number of consecutive
in-sync indications that stop a running RLF timer; an RLF
timer duration; and a maximum number of beam failure
recovery attempts that trigger declaration of RLF or start of
an RLF timer.



