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METHOD AND DEVICE FOR RADIO LINK MONITORING

TECHNICAL FIELD

[0001] The non-limiting and example embodiments of the present disclosure
generally relate to the technical field of wireless communications, and specifically

to a method, a network node, and a wireless device for radio link monitoring.

BACKGROUND

[0002] This section introduces aspects that may facilitate better understanding
of the disclosure. Accordingly, the statements of this section are to be read in
this light and are not to be understood as admissions about what is in the prior art

or what is not in the prior art.

Various Latency Requirements in New Radio Access Technology (NR)

[0003] Fifth Generation (5G) is supposed to support multiple types of services
using common Radio Access Network (RAN): enhanced Mobile Broadband
(eMBB), massive Machine Type Communication (mnMTC), and Ultra-Reliable and
Low Latency Communication (URLLC). These services require different Quality
of Service (QoS): delay, data rate, and packet loss rate, in particular:

e URLLC requires low delay and/or high reliability;

e mMTC typically requires long battery lifetime but does not require low
delay or high data rate, often combined with small infrequent packets;
and

» eMBB requires high data rate. Delay can be strict but typically less
strict than in URLLC.

[0004] Radio Link Monitoring (RLM) is one important feature to enable the
radio link recovery. For new Radio Access Technology (RAT), there are traffics
of various delay requirements (eMBB, URLLC, and mMTC).

[0005] The delay requirement of different traffics mentioned above are quite
different: from very tight delay budget (e.g., < 1 milliseconds (ms) for URLLC) to

very long delay budget (e.g., several seconds for mMTC). For all types of radio
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resources, the Radio Link Monitoring (RLM) mechanism shall be applied to

monitor the radio link performance.

RLM Mechanism in Long Term Evolution (LTE)

[0006] The purpose of the RLM function in a User Equipment device (UE) is to
monitor the downlink radio link quality of the serving cell in RRC_CONNECTED
state and is based on the cell specific Reference Signals (RSs). This in turn
enables the UE when in RRC_CONNECTED state to determine whether it is in-

sync or out-of-sync with respect to its serving cell. In case of a certain number of

consecutive out-of-sync indications (called ‘N310’), the UE starts a network-
configured Radio Link Failure (RLF) timer ‘T310." The timer is stopped if a
number ‘N311’ of consecutive in-sync indications are reported by the UE’s
physical layer. Both the out-of-sync and in-sync counters (N310 and N311) are
configurable by the network. Upon expiry of the timer T310, RLF occurs. As a
consequence, the UE turns off its transmitter to avoid interference and is required
to re-establish the RRC connection within Tyg.re-estabiish_delay @S €xplained. The
various actions pertaining to RLM and the subsequent Radio Resource Control

(RRC) reestablishment to the target cell are shown Figure 1.

Requirements Without Discontinuous Reception (DRX)

[0007] When no DRX is configured, out-of-sync occurs when the downlink
radio link quality estimated over the last 200 ms period becomes worse than the
threshold Qqyt. Similarly, without DRX the in-sync occurs when the downlink
radio link quality estimated over the last 100 ms period becomes better than the
threshold Qj,. Upon detection of out-of-sync, the UE initiates the evaluation of in-
sync. The occurrences of out-of-sync and in-sync are reported internally by the
UE’s physical layer to its higher layers, which in turn may apply layer 3 (i.e.,
higher layer) filtering for the evaluation of RLF.
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Requirements With DRX
[0008] When DRXis in use, in order to enable sufficient UE power saving the

out-of-sync and in-sync evaluation periods are extended and depend upon the
configured DRX cycle length. The UE starts in-sync evaluation whenever out-of-
sync occurs. Therefore, the same period (Tevaate_qout DRx) IS Used for the
evaluation of out-of-sync and in-sync. However, upon starting the RLF timer
(T310) until its expiry, the in-sync evaluation period is shortened to 100 ms,
which is the same as without DRX. If the timer T310 is stopped due to N311
consecutive in-sync indications, the UE performs in-sync evaluation according to

the DRX based period (Tevaiuate_qout DRX)-

[0009] The threshold Qg is defined as the level at which the downlink radio
link cannot be reliably received and shall correspond to 10% Block Error Rate
(BLER) of a hypothetical Physical Downlink Control Channel (PDCCH)
transmission taking into account the Physical Control Format Indicator Channel
(PCFICH) errors with transmission parameters specified in Table 7.6.1-1 of Third
Generation Partnership Project (3GPP) Technical Specification (TS) 36.133-c00.

[0010] The threshold Qj, is defined as the level at which the downlink radio
link quality can be significantly more reliably received than at Q. and shall
correspond to 2% BLER of a hypothetical PDCCH transmission taking into
account the PCFICH errors with transmission parameters specified in Table
7.6.1-2 of 3GPP TS 36.133-c00.

[0011] Based on the results from the RLM, the UE can determine the RLF and

trigger the cell selection and the radio connection reestablishment procedure.

SUMMARY

[0012] Due to the various Quality of Service (QoS) requirements of different

services, using the uniform static parameter setting for the measurements and
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evaluation to determine out-of-sync, in-sync, and Radio Link Failure (RLF) is not
optimal for NR.

e For one instance, the out-of-sync evaluation of 200 milliseconds (ms)
and in-sync evaluation period of 100 ms seem OK for enhanced Mobile
Broadband (eMBB) traffic but too long for Ultra-Reliable and Low
Latency Communication (URLLC) traffic since URLLC traffic has a
much tighter delay budget than eMBB traffic.

¢ For another instance, using the same threshold for out-of-sync
evaluation Qqt and the same threshold for in-sync evaluation Q,for
eMBB and URLLC traffic are also not optimal due since eMBB and
URLLC have different requirements on control channel Block Error
Rate (BLER). For some URLLC traffic when Radio Link Control (RLC)
retransmission is not allowed, the required Physical Downlink Control
Channel (PDCCH) BLER should be much lower than that for eMBB.

Therefore, using uniform thresholds is problematic.

[0013] The basic idea of the present disclosure is to apply traffic type or
network slice specific configuration for RLM in NR for multiple service providing.
There are multiple configurations for multiple services (or service sets) / networks
slices, the configuration including the out-of-sync evaluation period and the in-
sync evaluation period, the thresholds for out-of-sync evaluation and in-sync
evaluation, and the associated counter values and timers. The method for RLM
configuration of coexisting multiple services is also disclosed.

[0014]  With the proposed method, the radio link quality for radio link quality
monitoring for different services can be differentiated monitored and evaluated
according to the differentiated delay and reliability requirements so that QoS

fulfillment can be improved for multiple service providing in one network.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawing figures incorporated in and forming a part
of this specification illustrate several aspects of the disclosure, and together with
the description serve to explain the principles of the disclosure.

[0016] Figure 1 illustrates various actions pertaining to Radio Link Monitoring
(RLM) and the subsequent Radio Resource Control (RRC) reestablishment;
[0017] Figure 2 illustrates one example of RLM configuration in the case of
network slicing according to some embodiments of the present disclosure;
[0018] Figure 3 illustrates one example of a cellular communications system
in which embodiments of the present disclosure may be implemented;

[0019] Figure 4 illustrates the operation of a radio access node and a User
Equipment device (UE) according to some embodiments of the present
disclosure;

[0020] Figure 5 illustrates the operation of a radio access node and a UE
according to some other embodiments of the present disclosure;

[0021] Figures 6 and 7 illustrate example embodiments of a UE; and

[0022] Figures 8 through 10 illustrate example embodiments of a network

node.

DETAILED DESCRIPTION

[0023] The embodiments set forth below represent information to enable
those skilled in the art to practice the embodiments and illustrate the best mode
of practicing the embodiments. Upon reading the following description in light of
the accompanying drawing figures, those skilled in the art will understand the
concepts of the disclosure and will recognize applications of these concepts not
particularly addressed herein. It should be understood that these concepts and
applications fall within the scope of the disclosure and the accompanying claims.
[0024] Radio Node: As used herein, a “radio node” is either a radio access
node or a wireless device.

[0025] Radio Access Node: As used herein, a “radio access node” is any

node in a radio access network of a cellular communications network that
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operates to wirelessly transmit and/or receive signals. Some examples of a radio
access node include, but are not limited to, a base station (e.g., an enhanced or
evolved Node B (eNB) in a Third Generation Partnership Project (3GPP) Long
Term Evolution (LTE) network), a high-power or macro base station, a low-power
base station (e.g., a micro base station, a pico base station, a home eNB, or the
like), and a relay node.

[0026] Core Network Node: As used herein, a “core network node” is any
type of node in a Core Network (CN). Some examples of a core network node
include, e.g., a Mobility Management Entity (MME), a Packet Data Network (PDN)
Gateway (P-GW), a Service Capability Exposure Function (SCEF), or the like.
[0027] Wireless Device: As used herein, a “wireless device” is any type of
device that has access to (i.e., is served by) a cellular communications network
by wirelessly transmitting and/or receiving signals to a radio access node(s).
Some examples of a wireless device include, but are not limited to, a User
Equipment device (UE) in a 3GPP network and a Machine Type Communication
(MTC) device.

[0028] Network Node: As used herein, a “network node” is any node that is
either part of the radio access network or the CN of a cellular communications
network/system.

[0029] Note that the description given herein focuses on a 3GPP cellular
communications system and, as such, 3GPP LTE terminology or terminology
similar to 3GPP LTE terminology is oftentimes used. However, the concepts
disclosed herein are not limited to LTE or a 3GPP system.

[0030] = Note that, in the description herein, reference may be made to the term
“cell’; however, particularly with respect to Fifth Generation (5G) concepts,
beams may be used instead of cells and, as such, it is important to note that the
concepts described herein are equally applicable to both cells and beams.
[0031] The basic idea is to apply differentiated Radio Link Monitoring (RLM)
configurations for services of different Quality of Service (QoS) requirements.
The services to be served by one network can be categorized into multiple

service sets and one RLM configuration is applied for each service set
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according to the QoS requirement (e.g., delay budget and residual Hybrid
Automatic Repeat Request (HARQ) error over air interface). The embodiments
are described in detail below.

[0032] As afirst embodiment, the services can be categorized to multiple
service sets and one RLM configuration is applied for each service set. As one
example, one straightforward method is to categorize the services into three
sets: Ultra-Reliable and Low Latency Communication (URLLC), massive
Machine Type Communication (MMTC), and enhanced Mobile Broadband
(eMBB). There are three RLM configurations and each RLM configuration is
applied for one service set. As another example, the service set and the
associated RLM configuration can be dynamically or conditionally configured by
the network according to the QoS requirements of the services via Radio
Resource Control (RRC) signaling. Table 1 below exemplifies the mapping
relationship between the service sets and the RLM configurations.

Service set RLM configuration index
URLLC service set 1
mMTC service set 2
eMBB service set 3
Table 1

Service set to RLM configuration mapping table
[0033] As asecond embodiment, RLM configuration can be network slice
specific. When there are multiple network slices, there are multiple RLM
configurations and each RLM configuration is associated with one network slice.
The UE served by one slice is configured with the RLM configuration associated
with the network slice. Figure 2 shows one example for RLM configuration in
case of network slicing. In Figure 2, there are three network slices and RLM
configurations 1, 2, and 3 are associated with network slices 1, 2, and 3
respectively. Respectively, UEs 1, 2, and 3 served by network slices 1, 2, and

3 are configured with RLM configurations 1, 2, and 3.
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[0034] As one further embodiment of the first and second embodiments, the
RLM configurations can be predefined for each service (set)/network slice and
the UE can determine which RLM configuration shall be applied according to

the service type or selected slice.

[0035] As athird embodiment, the RLM configuration includes the
configuration of the out-of-sync evaluation period (200 milliseconds (ms) in LTE)
and the threshold (e.g., Qout) to determine the out-of-sync, the maximum

counter value (N310) of out-of-sync, the in-sync evaluation period (e.g., 100 ms)
and the threshold (Qi,) to determine the in-sync, the value of the timer triggered
by out-of-sync (T310), and the value of the timer triggered by Radio Link Failure
(RLF) (e.g., T311), etc.

[0036] As afourth embodiment, when one UE has multiple services and/or
served by multiple network slices and the RLM configurations associated with
the services/network slices are different, there are the following options to
configure RLM:

e Option 1: the RLM of different services/network slices are separately
configured and the UE determine the RLF separately for each
service/network slice.

e Option 2: only one RLM configuration is applied in the UE. The RLM
configuration associated with the service with the smallest latency
and/or lowest residual HARQ error rate shall be applied. For instance,
the RLM configuration with URLLC traffic shall be applied when the
UE has both eMBB traffic and URLLC traffic.

[0037] As a fifth embodiment, the RLM configuration applied for a UE can be
configured via on-demand system information transmission.

[0038] As a sixth embodiment, a default RLM configuration shall be
preconfigured or predefined. When the network does not configure the RLM
configuration or allow the UE to determine RLM configuration based on the
service type or serving network slice by itself, the UE shall use default RLM

configuration.
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[0039] Figure 3 illustrates one example of a cellular communications system
10 in which embodiments of the present disclosure may be implemented. As
illustrated, the cellular communications system 10 includes a Radio Access
Network (RAN) 12 that includes a number of radio access nodes 14 (e.g., base
stations such as, e.g., 5G New Radio Access Technology (NR) base stations
(sometimes referred to as gNBs)). In some embodiments, the RAN 12 is a 5G
NR RAN and the radio access nodes 14 are gNBs, where gNB is a term used to
refer to 5G NR base stations. The radio access nodes 14 provide wireless, or
radio, access to UEs 16 via corresponding cells or beams.

[0040] The radio access nodes 14 are connected to a core network 18. The
core network 18 includes one or more core network nodes 20 such as, for
example, MMEs, Serving Gateways (S-GWs), P-GWs, and/or the like.

[0041] Figure 4 illustrates the operation of a radio access node 14 and a UE
16 according to at least some of the embodiments described above. Optional
steps are indicted by dashed lines. In some embodiments, the radio access
node 14 sends a default RLM configuration to the UE 16 (step 100). As
discussed above, in some embodiments, the default RLM configuration is used
by the UE 16 if, for example, the UE 16 is not configured with another RLM
configuration such as, for example, a set of RLM configurations for respective
service sets or network slices or a particular RLM configuration(s) for particular
service(s) (or more specifically the respective service set(s)) or network slice(s)
used by the UE 16.

[0042] In some embodiments, the radio access node 14 determines a number
of service sets or network slices (step 102). The service sets or network slices
may be predefined (e.g., by a network operator or by a standard), dynamically or
conditionally determined by the radio access node 14, or retrieved by the radio
access node 14 from some other node (e.g., a core network node 20). The radio
access node 14 also determines separate RLM configurations for the service
sets or network slices (step 104). The RLM configurations may be predefined by
standard and, as such, hard-coded into the radio access node 14, obtained from

memory at the radio access node 14, or the like. Alternatively, the RLM
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configurations may be dynamically or conditionally determined by the radio
access node 14 or some other network node based on, e.g., QoS requirements
for the respective service sets or network slices.

[0043] In this embodiment, the radio access node 14 sends the RLM
configurations for the service sets or network slices to the UE 16 (step 106). The
radio access node 14 may, for example, send the RLM configurations once (e.g.,
in the case of statically defined service sets or network slices and corresponding
RLM configurations) or send the RLM configurations dynamically (e.g., in the
case of dynamic or conditionally determined service sets or network slices and/or
dynamic or conditionally determined RLM configurations for the service sets or
network slices). For example, in some embodiments, the radio access node 14
sends the RLM configurations via RRC signaling. In some other embodiments,
the radio access node 14 sends the RLM configurations via system information
(e.g., via on-demand system information). Note that on-demand system
information is system information transmitted by the radio access node 14 on-
demand (e.g., in response to some trigger from the UE 16). Further, in some
embodiments, the radio access node 14 sends information that defines the
service sets or information that indicates the network slices to the UE 16. This
may be particularly desirable where the service sets or network slices are
dynamically or conditionally configured (e.g., where the radio access node 14 or
some other network node dynamically or conditionally groups services into
service sets based on some metric(s) such as, e.g., QoS requirements).

[0044] At this point, the UE 16 has knowledge of the service sets or network
slices and the respective RLM configurations. As such, the UE 16 selects the
RLM configuration(s) for the service(s) or network slice(s) used by the UE 16
(step 108). For example, if the UE 16 is using a particular service, the UE 16
may select the RLM configuration for the corresponding service set. The UE 16
then utilizes the selected RLM configuration(s) (step 110). Notably, in some
embodiments, the UE 16 may use multiple services or multiple network slices. In
this case, as described above, the UE 16 may utilize the RLM configurations for

the multiple services or network slices separately to, e.g., determine RLF

10
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separately for each service or network slice. Alternatively, the UE 16 may select
one of the RLM configurations selected in step 108 to be used by the UE 16. For
example, as described above, the UE 16 may select the RLM configuration for
the service set or network slice that is used by the UE 16 and has the smallest
latency and/or lowest residual HARQ error rate.

[0045] Figure 5 illustrates the operation of a radio access node 14 and a UE
16 according to at least some of the embodiments described above. Optional
steps are indicted by dashed lines. In some embodiments, the radio access
node 14 sends a default RLM configuration to the UE 16 (step 200). As
discussed above, in some embodiments, the default RLM configuration is used
by the UE 16 if, for example, the UE 16 is not configured with another RLM
configuration such as, for example, a set of RLM configurations for respective
service sets or network slices or a particular RLM configuration(s) for particular
service(s) (or more specifically the respective service set(s)) or network slice(s)
used by the UE 16.

[0046] In some embodiments, the radio access node 14 determines a number
of service sets or network slices (step 202). The service sets or network slices
may be predefined (e.g., by a network operator or by a standard), dynamically or
conditionally determined by the radio access node 14, or retrieved by the radio
access node 14 from some other node (e.g., a core network node 20). The radio
access node 14 also determines separate RLM configurations for the service
sets or network slices (step 204). The RLM configurations may be predefined by
standard and, as such, hard-coded into the radio access node 14, obtained from
memory at the radio access node 14, or the like. Alternatively, the RLM
configurations may be dynamically or conditionally determined by the radio
access node 14 or some other network node based on, e.g., QoS requirements
for the respective service sets or network slices.

[0047] In this embodiment, the radio access node 14 selects the RLM
configuration(s) for the service(s) or network slice(s) to be used by the UE 16
(step 206). For example, if the UE 16 is using a particular service, the radio

access node 14 may select the RLM configuration for the corresponding service

11
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set. Notably, in some embodiments, the UE 16 may use multiple services or
multiple network slices. In this case, as described above, the radio access node
14 may select the RLM configurations for all of the multiple services or network
slices used by the UE 16. Alternatively, the radio access node 14 may select one
of the RLM configurations for the service sets or network slices used by the UE
16. For example, as described above, the radio access node 14 may select the
RLM configuration for the service set or network slice that is used by the UE 16
and has the smallest latency and/or lowest residual HARQ error rate requirement.
[0048] The radio access node 14 sends the selected RLM configuration(s) to
the UE 16 (step 208). The radio access node 14 may, for example, select the
RLM configuration(s) and send the RLM configuration(s) to the UE 16
dynamically. For example, if the UE 16 starts using a new service or a new
network slice, then the radio access node 14 may select the RLM configuration(s)
and send the selected RLM configuration(s) to the UE 16 based on the new
service or new network slice being used by the UE 16. As another example, if
the service sets or network slices and/or the RLM configurations defined for the
service sets or network slices change, this may trigger the radio access node 14
to select and send the RLM configuration(s) to the UE 16. While not being
limited thereto, in some embodiments, the radio access node 14 sends the RLM
configuration(s) via RRC signaling. The UE 16 then utilizes the selected RLM
configuration(s) (step 210).

[0049] Figure 6 is a schematic block diagram of the UE 16 (or more generally
a wireless device) according to some embodiments of the present disclosure. As
illustrated, the UE 16 includes circuitry 22 comprising one or more processors 24
(e.g., Central Processing Units (CPUs), Application Specific Integrated Circuits
(ASICs), Field Programmable Gate Arrays (FPGAs), and/or the like) and memory
26. The UE 16 also includes one or more transceivers 28 each including one or
more transmitter 30 and one or more receivers 32 coupled to one or more
antennas 34. In some embodiments, the functionality of the UE 16 described
above may be fully or partially implemented in software that is, e.g., stored in the

memory 26 and executed by the processor(s) 24.
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[0050] In some embodiments, a computer program including instructions
which, when executed by at least one processor, causes the at least one
processor to carry out the functionality of the UE 16 according to any of the
embodiments described herein is provided. In some embodiments, a carrier
containing the aforementioned computer program product is provided. The
carrier is one of an electronic signal, an optical signal, a radio signal, or a
computer readable storage medium (e.g., a non-transitory computer readable
medium such as memory).

[0051] Figure 7 is a schematic block diagram of the UE 16 (or more generally
a wireless device) according to some other embodiments of the present
disclosure. The UE 16 includes one or more modules 36, each of which is
implemented in software. The module(s) 36 provide the functionality of the UE
16 described herein.

[0052] Figure 8 is a schematic block diagram of a network node 38 (e.g., the
radio access node 14) according to some embodiments of the present disclosure.
As illustrated, the network node 38 includes a control system 40 that includes
circuitry comprising one or more processors 42 (e.g., CPUs, ASICs, FPGAs,
and/or the like) and memory 44. The control system 40 also includes a network
interface 46. In embodiments in which the network node 38 is the radio access
node 14, the network node 38 also includes one or more radio units 48 that each
include one or more transmitters 50 and one or more receivers 52 coupled to one
or more antennas 54. In some embodiments, the functionality of the network
node 38 or radio access node 14 described above may be fully or partially
implemented in software that is, e.g., stored in the memory 44 and executed by
the processor(s) 42.

[0053] Figure 9 is a schematic block diagram that illustrates a virtualized
embodiment of the network node 38 (e.g., the radio access node 14) according to
some embodiments of the present disclosure. As used herein, a “virtualized”
network node 38 is a network node 38 in which at least a portion of the
functionality of the network node 38 is implemented as a virtual component (e.g.,

via a virtual machine(s) executing on a physical processing node(s) in a
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network(s)). As illustrated, the network node 38 optionally includes the control
system 40, as described with respect to Figure 8. In addition, if the network node
38 is the radio access node 14, the network node 38 also includes the one or
more radio units 48, as described with respect to Figure 8. The control system
40 (if present) is connected to one or more processing nodes 56 coupled to or
included as part of a network(s) 58 via the network interface 46. Alternatively, if
the control system 40 is not present, the one or more radio units 48 (if present)
are connected to the one or more processing nodes 56 via a network interface(s).
Alternatively, all of the functionality of the network node 38 described herein may
be implemented in the processing nodes 56 (i.e., the network node 38 does not
include the control system 40 or the radio unit(s) 48). Each processing node 56
includes one or more processors 60 (e.g., CPUs, ASICs, FPGAs, and/or the like),
memory 62, and a network interface 64.

[0054] In this example, functions 66 of the network node 38 or radio access
node 14 described herein are implemented at the one or more processing nodes
56 or distributed across the control system 40 (if present) and the one or more
processing nodes 56 in any desired manner. In some particular embodiments,
some or all of the functions 66 of the network node 38 or radio access node 14
described herein are implemented as virtual components executed by one or
more virtual machines implemented in a virtual environment(s) hosted by the
processing node(s) 56. As will be appreciated by one of ordinary skill in the art,
additional signaling or communication between the processing node(s) 56 and
the control system 40 (if present) or alternatively the radio unit(s) 48 (if present) is
used in order to carry out at least some of the desired functions. Notably, in
some embodiments, the control system 40 may not be included, in which case
the radio unit(s) 48 (if present) communicates directly with the processing node(s)
56 via an appropriate network interface(s).

[0055] In some embodiments, a computer program including instructions
which, when executed by at least one processor, causes the at least one
processor to carry out the functionality of the network node 38 (e.g., the radio

access node 14) or a processing node 56 according to any of the embodiments
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described herein is provided. In some embodiments, a carrier containing the

aforementioned computer program product is provided. The carrier is one of an

electronic signal, an optical signal, a radio signal, or a computer readable storage

medium (e.g., a non-transitory computer readable medium such as memory).

[0056] Figure 10 is a schematic block diagram of the network node 38 (e.g.,

the radio access node 14) according to some other embodiments of the present

disclosure. The network node 38 includes one or more modules 68, each of

which is implemented in software. The module(s) 68 provide the functionality of

the network node 38 or radio access node 14 described herein.

[0057] The following acronyms are used throughout this disclosure.

3GPP
5G
ASIC
BLER
CN
CPU
DRX
eMBB
eNB
FPGA
gNB
HARQ
LTE
MME
mMTC
ms
MTC
NR
PCFICH
PDCCH

Third Generation Partnership Project
Fifth Generation

Application Specific Integrated Circuit
Block Error Rate

Core Network

Central Processing Unit

Discontinuous Reception

Enhanced Mobile Broadband

Enhanced or Evolved Node B

Field Programmable Gate Array

Fifth Generation New Radio Base Station
Hybrid Automatic Repeat Request

Long Term Evolution

Mobility Management Entity

Massive Machine Type Communication
Millisecond

Machine Type Communication

New Radio Access Technology

Physical Control Format Indicator Channel

Physical Downlink Control Channel
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e RAN
e RAT
e RLC
e RLF
e RLM
e RRC
e RS
e SCEF
e S-GW
e TS
e UE
e URLLC

CA 03041946 2019-04-26

PCT/CN2017/108346

Packet Data Network

Packet Data Network Gateway
Quality of Service

Radio Access Network

Radio Access Technology
Radio Link Control

Radio Link Failure

Radio Link Monitoring

Radio Resource Control
Reference Signal

Service Capability Exposure Function
Serving Gateway

Technical Specification

User Equipment

Ultra-Reliable and Low Latency Communication

[0058] Those skilled in the art will recognize improvements and modifications

to the embodiments of the present disclosure. All such improvements and

modifications are considered within the scope of the concepts disclosed herein.
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In the Claims:

1. A method of a network node for providing Radio Link Monitoring, RLM, in New Radio,
NR, Access Technology, comprising:
providing, to a wireless device, a plurality of RLM configurations for a respective
plurality of service sets or network slices, wherein;
each of the plurality of service sets or network slices comprises one or more
services associated with a respective set of Quality of Service, QoS, requirements; and
the plurality of RLM configurations comprises an RLM configuration
corresponding to an Ultra-Reliable and Low Latency Communication (URLLC) service
set;
wherein, for each service set or network slice, the respective RLM configuration

comprises at least one of: a maximum counter value of out-of-sync and a value of a timer

triggered by radio link failure.

2. The method of claim 1 wherein, for each service set or network slice, the respective RLM
configuration further comprises at least one of: a configuration of an out-of-sync evaluation
period and a threshold to determine out-of-sync, an in-sync evaluation period and a threshold to

determine in-sync, and a value of a timer triggered by out-of-sync.

3. The method of claim 1 wherein providing the plurality of RLM configurations to the
wireless device comprises providing the plurality of RLM configurations to the wireless device
via dynamic signaling or system information.

4. The method of claim 1 wherein each RLM configuration of the plurality of RLM
configurations for each respective service set or network slice of the plurality of service sets or

network slices is conditionally determined.

5. The method of claim 1 wherein the plurality of service sets are conditionally configured.
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6. A method of a network node for providing Radio Link Monitoring, RLM, in New Radio,
NR, Access Technology, comprising:
selecting, based on one or more services or one or more network slices used by a wireless
device, one or more RLM configurations from a plurality of RLM configurations for a respective
plurality of service sets or network slices, wherein:
each of the plurality of service sets or network slices comprises one or more
services associated with a respective set of Quality of Service, QoS, requirements; and
the plurality of RLM configurations comprises an RLM configuration
corresponding to an Ultra-Reliable and Low Latency Communication (URLLC) service
set; and
providing the one or more selected RLM configurations to the wireless device;
wherein, for each service set or network slice, the respective RLM configuration
comprises at least one of: a maximum counter value of out-of-sync and a value of a timer

triggered by radio link failure.

7. The method of claim 6 wherein, for each service set or network slice, the respective RLM
configuration further comprises at least one of: a configuration of an out-of-sync evaluation
period and a threshold to determine out-of-sync, an in-sync evaluation period and a threshold to

determine in-sync, and a value of a timer triggered by out-of-sync.

8. The method of claim 6 wherein providing the one or more selected RLM configurations
to the wireless device comprises providing the one or more selected RLM configurations to the
wireless device via dynamic signaling.

9. The method of claim 6 wherein each RLM configuration of the plurality of RLM

configurations for each respective service set or network slice of the plurality of service sets or

network slices is conditionally determined.

10.  The method of claim 6 wherein the plurality of service sets are conditionally configured.
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11. A method of a wireless device for performing Radio Link Monitoring, RLM, in New
Radio, NR, access technology, comprising:
selecting, based on one or more services or one or more network slices used by the
wireless device, one or more RLM configurations from a plurality of RLM configurations for a
respective plurality of service sets or network slices, wherein;
each of the plurality of service sets or network slices comprises one or more
services associated with a respective set of Quality of Service, QoS, requirements; and
the plurality of RLM configurations comprises an RLM configuration
corresponding to an Ultra-Reliable and Low Latency Communication (URLLC) service
set; and
utilizing the one or more selected RLM configurations for RLM at the wireless device;
wherein, for each service set or network slice, the respective RLM configuration
comprises at least one of: a maximum counter value of out-of-sync and a value of a timer

triggered by radio link failure.

12.  The method of claim 11, further comprising receiving, from a network node, the plurality

of RLM configurations for the respective plurality of service sets or network slices.

13.  The method of claim 11 wherein, for each service set or network slice, the respective
RLM configuration further comprises at least one of: a configuration of an out-of-sync
evaluation period and a threshold to determine out-of-sync, an in-sync evaluation period and a

threshold to determine in-sync, and a value of a timer triggered by out-of-sync.

14.  The method of claim 12 wherein receiving the plurality of RLM configurations for the
respective plurality of service sets or network slices comprises receiving the plurality of RLM

configurations for the respective plurality of service sets or network slices via dynamic signaling.
15.  The method of claim 11 wherein each RLM configuration of the plurality of RLM

configurations for each respective service set or network slice of the plurality of service sets or

network slices is conditionally determined.
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16.  The method of claim 11 wherein the plurality of service sets are conditionally

determined.

17.  The method of claim 11 wherein the one or more selected RLM configurations comprise
two or more RLM configurations, and utilizing the one or more selected RLM configurations for
RLM at the wireless device comprises utilizing the two or more RLM configurations separately;
or

wherein the one or more selected RLM configurations comprises two or more RLM
configurations, and utilizing the one or more selected RLM configurations for RLM at the
wireless device comprises:

selecting one of the two or more RLM configurations based on at least one metric;
and

utilizing the one of the two or more RLM configurations.

18. A method of a wireless device for performing Radio Link Monitoring, RLM, in New
Radio, NR, Access Technology, comprising:
receiving, from a network node, one or more select RLM configurations from a plurality
of RLM configurations, the plurality of RLM configurations being for a respective plurality of
service sets or network slices, wherein;
each of the plurality of service sets or network slices comprises one or more
services associated with a respective set of Quality of Service, QoS, requirements; and
the plurality of RLM configurations comprises an RLM configuration
corresponding to an Ultra-Reliable and Low Latency Communication (URLLC) service
set; and
utilizing the one or more select RLM configurations for RLM at the wireless device;
wherein, for each service set or network slice, the respective RLM configuration
comprises at least one of: a maximum counter value of out-of-sync and a value of a timer

triggered by radio link failure.

19. The method of claim 18 wherein, for each service set or network slice, the respective

RLM configuration further comprises at least one of: a configuration of an out-of-sync
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evaluation period and a threshold to determine out-of-sync, an in-sync evaluation period and a

threshold to determine in-sync, and a value of a timer triggered by out-of-sync.

20.  The method of claim 18 wherein receiving the one or more selected RLM configurations

comprises receiving the one or more selected RLM configurations via dynamic signaling.

21.  The method of claim 18 wherein the plurality of RLM configurations for the plurality of

service sets or network slices are conditionally determined.

22.  The method of claim 18 wherein the plurality of service sets are conditionally
determined.
23.  The method of claim 18 wherein the one or more select RLM configurations comprise

two or more select RLM configurations, and utilizing the one or more select RLM configurations
for RLM at the wireless device comprises utilizing the two or more select RLM configurations
separately; or

wherein the one or more select RLM configurations comprise two or more select RLM
configurations, and utilizing the one or more select RLM configurations for RLM at the wireless
device comprises:

selecting one of the two or more select RLM configurations based on at least one
metric; and

utilizing the one of the two or more select RLM configurations.

21

Date regue / Date received 2021-11-25



CA 03041946 2019-04-26

PCT/CN2017/108346

WO 2018/082521

><4mn_|_._m_._m<._.wm_.m_~_._.

L "OId

ONINNNY LLEL H3INIL

INJWHSINEYLS3TA ONINNNY
ouy 01eL ¥INIL 4T
P Do
< vT
1 "
; 1130 7730(ls3e)  T130.1S3ASIHOYYASIN o \ ONAS
139¥v1 0L 130Vl SIMVIS LIEL ® 40 LNO 15}
JovSSaNLeynozy  HOVESANIS3N = 8153135 3N SLMVLS OLEN MINIL 103130 3n
T30 INJWHSIAYLST-TY OdY @
INJNHSITYLSITY SLdvlsan e
1398Y1 40 sw Oy NIHLIM 440
NOLOINNOD ONAS 40 1NO
NeERITE NI QINYNL HILLIASNYAL
0¥y SAN3S 3N _ FAILNOASNOD
3N ‘SUNOD0 4TH
LNV STMIdXI0lEL QUENOL
N a341N0JY 3N dns10313dan e

1.8



CA 03041946 2019-04-26

WO 2018/082521 PCT/CN2017/108346

CN
n [92] w
~ — —
@) O )
m m m
—_ N w
gNB
S 2 2
S ] S
O ®) o
X Py A
m m m
w w w
o o Q
C c c
X pv) A
(@] (@] (@]
m m m
w w w
m m m
— — -
—_ N w
UE1 UE?2 UE 3

| | i

i : :

RLM CONFIGURATION 1 5 RLM CONFIGURATION 3
|
RLM CONFIGURATION 2
FIG. 2

2.8



WO 2018/082521

10

CA 03041946 2019-04-26

Ll o
o~
N
~~
-
Nl
<
S
Y
N
~
-
N/
Ll o
o~

RAN
12

PCT/CN2017/108346

FIG. 3



CA 03041946 2019-04-26

PCT/CN2017/108346

WO 2018/082521

(SINOILYHNDIINOD
WY @3L0373S 3ZIILN 0Lk

a3sn (8)3011S ¥HOMLIN
H0 (8)321A¥3S NO

@3sv4 (SINOILYHNDIANOD
WTY 103738 801

-t

1AL |

S30I7S HHOMLAN HO S13S FOIAH3S HO4 SNOILYENOIANOD W1 "901

(Q3INIWYZLIA ATTVOINYNAQ YO Q3aNI43a3ud
“9'3) $3017S YHOMLIN ¥O S13S IDIAMTS
dH1 ¥04 SNOILYJNOIANOD W ANIWNYZL3A ¥0l

(@aNnwy3aLaa
ATIVOINYNAQ HO @aNIFAdTdd “9°'3) SIS
MYOMLIN ¥O S13S IDIAY3S ININETLIAQ "20)

NOILYHINOIANOD WTH L1Nv43a "001

s
/
AN

-~

~P
/
AN

-~

145
300N Vo

4.8



CA 03041946 2019-04-26

PCT/CN2017/108346

WO 2018/082521

(SINOILYHENDIANOD
WY @3.L03713S 3ZIT1LN 01T

g 'Oid

(SINOILYHNSIANOD WY @31D3713S '80T

NOILYINOIANOD WTH L1NV43a 002

3N IHL A9 @3sn
(S)3211S MHOMLIAN HO (S)3DIAYIS NO a3svd
3N IHL HO4 (SINOILYHNDIANOD WTH 12373S 902

(@3ININYILIA ATIVOINYNAQ O G3NIF30TMd _»
“9'3) S3017S YHOMLIN ¥O SL3S FOIAYTS {

~

JHL HO4 SNOILVHNOIANOD WTH ININYILEA v0Z 7

(@ENwy3Laa
ATIVOINYNAQ ¥O d3NI43a3dd “9'3) S30I1S
MHOMLAN ¥O S13S J0IAYAS ININYTLIA 202

-~

vl

300N Vd

58



WO 2018/082521

CA 03041946 2019-04-26

PCT/CN2017/108346

16
/ 34

6.8

CIRCUITRY 22 TRANSCEIVER
28
MEMORY PROCESSOR(S)
% 2 | | TX(S)30
RX(S) 32
FIG. 6
UE
16
MODULE(S)
36
FIG. 7

34



CA 03041946 2019-04-26

WO 2018/082521 PCT/CN2017/108346

% 38
54
CONTROL SYSTEM /
40 N/
i (
NETWORK | -
INTERFACE(S) |#— | PROCESSOR(S) |RADIO UNIT(S) | _
4 = T N -
i sl | TX(S)50 | | _//54
b N
re— - (
MEMORY T RX(S)52 | L
44 L boooooz i
FIG. 8
NETWORK NODE
38
MODULE(S)
88
FIG. 10

7,8



CA 03041946 2019-04-26

PCT/CN2017/108346

WO 2018/082521

8¢

_I - = “III - - -~ 7
|||||| - | | V47 | |
] —— P! AHOW3N | |
) _Nlimvxm_ T Bl St |
yV “ _.I.||||||||.|_ _ _ ..|.I|||.|I|IW|||.I|.I|I. “
o 1 1B e Tmhonons | T
- % |11 70853008 i~ SR
) 1(S)Nnoiavy _ | w - 1
A A TTTT T~ _ W3LSAS TO¥LINOD “
L o e e e e e e - — o — — — —

| _

L1 AMOWNIN !
Sy S _

_ i |

_ .||||||.||WII||I.|||I. |||||| |

] RS (SINOILONN4 | “ @ Tlees

| 105 (30853004 1 > RGN 1

LT T T % 3doN o _

_ _

29
AHON3N

A
Y

8,8

35 (SINOILONNA 9
09 ($)40sS3004d [ mvwm,ﬂwn_

9SG JAON ONISSIV0Yd

8G MHOMLIN




RA NODE UE
i) 16

100. DEFAULT RLM CONFIGURATION

102, DETERMINE SERVICE SETS OR NETWORK
 SLICES (E.G., PREDEFINED OR DYNAMICALLY
4" DETERMINED)

| 104, DETERMINE RLM CONFIGURATIONS FOR THE
) SERVICE SETS OR NETWORK SLICES (E.G.,
™" PREDEFINED OR DYNAMICALLY DETERMINED)

~

106._RLM CONFIGURATIONS FOR SERVICE SETS OR NETWORK SLICES

> 108. SELECTRLM
CONFIGURATION{S) BASED
ON SERVICE(S) OR
NETWORK SLICE(S) USED

110. UTILIZE SELEGTED RLM
CONFIGURATION(S)




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - ABSTRACT
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - CLAIMS
	Page 21 - CLAIMS
	Page 22 - CLAIMS
	Page 23 - CLAIMS
	Page 24 - CLAIMS
	Page 25 - DRAWINGS
	Page 26 - DRAWINGS
	Page 27 - DRAWINGS
	Page 28 - DRAWINGS
	Page 29 - DRAWINGS
	Page 30 - DRAWINGS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - REPRESENTATIVE_DRAWING

