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TITLE

User equipment operation during an inactive state

TECHNOLOGICAL FIELD
Embodiments of the present disclosure relate to user equipment operation during an inactive
state, and the operations of the network that support user equipment operation during the

inactive state.

BACKGROUND

A base station can perform a beam alignment procedure between the base station (e.g.
gNB) and a terminal node (e.g. UE), in connected state (e.g. RRC CONNECTED state). The
base station is in control (it sends a beam change command) but it is terminal assisted (e.g.
the UE makes measurements and reports periodically the best beams to aid beam selection
at the network). Whenever this beam tracking fails (e.g. when the number of beam failure
instance indications from the physical layer reaches a configured threshold before a
configured timer expires, the terminal node enacts a beam failure detection and recovery

procedure.

A terminal node can be in other states than the connected state, for example an idle state or
an inactive state. The inactive state is a state with low signalling overhead and low power

consumption, and, currently, no beam tracking is performed.

BRIEF SUMMARY
According to various, but not necessarily all, embodiments there is provided an apparatus
comprising means for:
receiving, at a user equipment (UE) from a base station provisioning of a plurality of
pre-configured radio resources for data transmission during an inactive state of the UE
wherein a pre-configured radio resource is associated with a set of transmission
beams
acquiring at the UE validity information associated with one or more said pre-
configured resources;
using at least the validity information to determine, for use, a valid preconfigured

radio resource.
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In some but not necessarily all examples, the pre-configured resources are Random Access
Channel (RACH) preambles and/or are Physical Uplink Shared Channel (PUSCH) pre-

configured resources associated with PUSCH.

In some but not necessarily all examples, the apparatus comprises means for uplink data
transmission during an inactive state using the determined valid pre-configured radio

resource.

In some but not necessarily all examples, the uplink data transmission uses at least one of a
plurality of modes for uplink data transmission. In some examples, the plurality of modes for
uplink data transmission comprise at least one mode that uses pre-configured PUSCH uplink
resources and one mode that does not use pre-configured PUSCH uplink resources. In
some examples, the plurality of modes for uplink data transmission comprises at least a 4-
step random access mode for data transmission, a 2-step random access mode for data

transmission, and a configured grant mode for data transmission.

In some but not necessarily all examples, the validity information is received from the

network.

In some but not necessarily all examples, the apparatus comprises mean for receiving the
validity information from the network, wherein the validity information comprises: radio
quality based thresholds and/or an indication, directly or indirectly, of one or more valid

preconfigured resources.

In some but not necessarily all examples, the apparatus comprises means configured to
avoid using a radio resource associated with a strongest transmission beam and falling-back
to a 4-step RACH based data transmission mode, if the radio resource is an invalid radio

resource.

In some but not necessarily all examples, the transmission beams associated with the pre-
configured radio resource are downlink transmission beams of a base station and wherein

the association is direct or indirect.

In some but not necessarily all examples, the apparatus comprises means for estimating a
strength of one or more of the transmission beams, and using the estimated strength to

determine a valid preconfigured radio resource.
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In some but not necessarily all examples, a strength of beams for uplink data , can be based
on identifying a strongest valid beam for reception at base station of uplink data

transmission.

In some but not necessarily all examples, the apparatus comprises means for selecting at
least one combination from possible combinations of:

(i) one of a plurality of modes for uplink data transmission during an inactive state of the UE;
and

(ii) at least a preconfigured resource that is associated with a set of one or more beams at a

base station.

In some but not necessarily all examples, the apparatus comprises means for switching to a
new mode of data transmission, wherein at least a set-up procedure for the new mode of

data transmission comprises configuration of radio resources for an aligned beam.

In some but not necessarily all examples, the apparatus comprises means for switching from
a mode of data transmission without alignment to a beam at the base station or without
sufficient alignment to a beam at the base station to a new mode of data transmission,
wherein at least a set-up procedure for the new mode of data transmission comprises

configuration of radio resources for an aligned beam at the base station.

In some but not necessarily all examples, the apparatus comprises means configured to: in
dependence upon a current beam not being the strongest beam, using the validity
information to select, for use, a combination of a configured grant mode for uplink data
transmission and the strongest beam; in dependence upon there being no beam sufficient
for a configured grant mode for uplink data transmission, using the validity information to
select, for use, one or more combinations of a random access mode for uplink data

transmission and a strongest beam.

In some but not necessarily all examples, the apparatus comprises means for:
using the validity information to select, for use, a valid combination from possible
combinations of: one of a plurality of modes for uplink data transmission; and an estimated

strongest available beam for reception of uplink data transmission.

According to various, but not necessarily all, embodiments there is provided a method

comprising:
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receiving, at a UE from a base station provisioning of a plurality of pre-configured radio
resources for data transmission during an inactive state of the UE, wherein a pre-configured
radio resource is associated with a set of transmission beams

acquiring at the UE validity information associated with one or more said pre-configured
resources;

using at least the validity information to determine, for use, a valid preconfigured radio

resource.

According to various, but not necessarily all, embodiments there is provided a computer
program, that when run by one or more processors, enable a process comprising:
receiving, at a UE from a base station provisioning of a plurality of pre-configured radio
resources for data transmission during an inactive state of the UE, wherein a pre-configured
radio resource is associated with a set of transmission beams

acquiring at the UE validity information associated with one or more said pre-configured
resources;

using at least the validity information to determine, for use, a valid preconfigured radio

resource.

According to various, but not necessarily all, embodiments there is provided a base station
comprising:

means for transmitting, to a UE, validity information for constraining beam-received uplink
data transmission during an inactive state of the UE to a valid combination from possible
combinations of:

(i) one of a plurality of modes for uplink data transmission;

(i) a sub-set of beams for reception of uplink data transmission.

According to various, but not necessarily all, embodiments there is provided a system

comprising the apparatus and the base station.

According to various, but not necessarily all, embodiments there is provided a method
comprising:

receiving, at a UE, from a base station, provisioning of at least a pre-configured radio
resource for data transfer during an inactive state of the UE, wherein the provisioned pre-
configured radio resource is associated with a set of one or more beams;

acquiring at the UE validity information associated with one or more said pre-configured

resources; and
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using at least the validity information to verify a provisioned preconfigured radio resource for

use for data transfer during the inactive state of the UE.

According to various, but not necessarily all, embodiments there is provided

a method comprising:

receiving, at a UE, from a base station, provisioning of at least a beam-related channel for
data transmission during an inactive state of the UE, wherein the beam-related channel is
associated with at least a particular uplink radio resource for uplink data transmission and a
set of one or more downlink transmission beams;

acquiring at the UE validity information associated with one or more said pre-configured
resources; and

using at least the validity information to verify a beam-related channel for use for uplink data
transmission during the inactive state of the UE.

In at least some examples, the apparatus comprises means for using the validity information
to verify, for use, a valid combination from possible combinations of:

(i) one of a plurality of modes for uplink data transmission;

(ii) @ beam-related channel.

According to various, but not necessarily all, embodiments there is provided a method
comprising:

receiving, at a UE from a base station, validity information for data transfer during an inactive
state of the UE;

using the validity information to verify, for use, a valid combination from possible
combinations of:

(i) one of a plurality of modes for uplink data transmission;

(ii) @ beam-related channel that associates

a radio resource for use during an inactive state of the UE and

a set of one or more beams at the base station.

In some but not necessarily all examples, at least some of the possible combinations are
invalid. In some but not necessarily all examples, the radio resource is for data transfer
during an inactive state of the UE. In some but not necessarily all examples, the radio
resource is a pre-configured radio resource for examples a pre-configured PUSCH resource
or a pre-configured RACH resource. In some but not necessarily all examples, the apparatus
comprises means for provisioning, by a base station, of at least a pre-configured radio

resource.
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According to various, but not necessarily all, embodiments there is provided an apparatus
comprising means for:
operating in a first state that supports
uplink configured access, by the apparatus, to a base station of a radio
network; and
assisting uplink beam changes used by the base station; and
operating in a second state that supports
conditionally enabling uplink beam changes, used by the base station, for
uplink configured access by the apparatus; and
additional downlink signalling for uplink configured access in the second mode,
compared to the first mode, wherein the additional downlink signalling for uplink
configured access in the second mode comprises at least a parameter used for

conditionally enabling said uplink beam changes.

The first mode state can be a connected state. the second state can be an inactive state.
The additional downlink signalling can comprise validity information/ The parameter can
comprise one or more thresholds or one of more indications of validity of one or more of

beams, preconfigured radio resources, uplink data transmission modes.

According to various, but not necessarily all, embodiments there is provided an apparatus
comprising means for:
operating a terminal node in a first state that supports
uplink configured access, by the terminal node, to a base station of a radio
network; and
assisting uplink beam changes used by the base station; and
operating the terminal node in a second state that supports
conditionally enabling uplink beam changes, used by the base station, for
uplink configured access by the terminal node; and
additional downlink signalling for uplink configured access in the second mode,
compared to the first mode, wherein the additional downlink signalling for uplink
configured access in the second mode comprises at least a parameter used for

conditionally enabling said uplink beam changes.

According to various, but not necessarily all, embodiments there is provided examples as

claimed in the appended claims.
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BRIEF DESCRIPTION

Some examples will now be described with reference to the accompanying drawings in which:
FIG. 1 shows an example of the subject matter described herein;

FIG. 2 shows another example of the subject matter described herein;
FIG. 3A shows another example of the subject matter described herein;
FIG. 3B shows another example of the subject matter described herein;
FIG. 4A shows another example of the subject matter described herein;
FIG. 4B shows another example of the subject matter described herein;
FIG. 5A shows another example of the subject matter described herein;
FIG. 5B shows another example of the subject matter described herein;
FIG. 6 shows another example of the subject matter described herein;
FIG. 7 shows another example of the subject matter described herein;
FIG. 8 shows another example of the subject matter described herein;
FIG. 9 shows another example of the subject matter described herein;
FIG. 10 shows another example of the subject matter described herein;
FIG. 11 shows another example of the subject matter described herein;
FIG. 12 shows another example of the subject matter described herein;
FIG. 13 shows another example of the subject matter described herein;

FIG. 14 shows another example of the subject matter described herein.

DETAILED DESCRIPTION

Examples will be described that can enable uplink data transmission by a user equipment in
an inactive state. Examples will be described that can enable uplink data transmission by a
user equipment in an inactive state to a base station that is using uplink reception beams,
without requiring the user equipment, during the inactive state, to perform beam tracking (and
associated signalling) either at all or with the same power consumption and/or signalling
overhead as in the connected state. Examples will be described that enable detecting (and
recovering from) lack of beam validity for uplink data transmission e.g. because of a change
in alignment. Examples will be described that enable a user equipment in inactive state to
perform data transmissions efficiently while avoiding the signaling overhead and delay
associated with a transition from the inactive state the connected state to perform a data

transmission.

FIG 1 illustrates an example of a network 100 comprising a plurality of network nodes

including terminal nodes 110, access nodes 120 and one or more core nodes 129. The
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terminal nodes 110 and access nodes 120 communicate with each other. The one or more

core nodes 129 communicate with the access nodes 120.

The one or more core nodes 129 may, in some examples, communicate with each other.

The one or more access nodes 120 may, in some examples, communicate with each other.

The network 100 may be a cellular network comprising a plurality of cells 122 each served
by an access node 120. In this example, the interface between the terminal nodes 110 and

an access node 120 defining a cell 122 is a wireless interface 124.

The access node 120 is a cellular radio transceiver. The terminal nodes 110 are cellular

radio transceivers.

In the example illustrated, the cellular network 100 is a third generation Partnership Project
(83GPP) network in which the terminal nodes 110 are user equipment (UE) and the access
nodes 120 are base stations.

In some examples, the network 100 is an Evolved Universal Terrestrial Radio Access
network (E-UTRAN). The E-UTRAN consists of E-UTRAN NodeBs (eNBs) 120, providing
the E-UTRA user plane and control plane (RRC) protocol terminations towards the UE 110.
The eNBs 120 are interconnected with each other by means of an X2 interface 126. The
eNBs are also connected by means of the S1 interface 128 to the Mobility Management
Entity (MME) 129.

In other examples, the network 100 is a Next Generation (or New Radio, NR) Radio Access
network (NG-RAN). The NG-RAN consists of gNodeBs (gNBs) 120, providing the user plane
and control plane (RRC) protocol terminations towards the UE 110. The gNBs 120 are
interconnected with each other by means of an X2/Xn interface 126. The gNBs are also
connected by means of the N2 interface 128 to the Access and Mobility management
Function (AMF) 129.

FIG 2 illustrates a state machine for a terminal node 110 e.g. user equipment. The state

machine comprises three different states: connected state, inactive state and idle state.

In the example illustrated, the terminal node 110 is user equipment and the states are RRC

connected state, RRC inactive state and RRC idle state. In the particular example illustrated,
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the terminal node 110 is New radio (NR) user equipment and the states are NR RRC
connected state, NR RRC inactive state and NR RRC idle state.

The states and transitions between the states are defined in the appropriate specifications.
The inactive state can, in this example, only be entered from the connected state e.g. via
radio resource control (RRC) release with suspend message. The inactive state can, in this
example, be exited to the connected state via a RRC Resume or exited to the idle state via a
RRC Release.

The RRC Release message with suspend is an RRC Release message that includes the

suspend configuration information. It is a downlink message.

The inactive state is a state that has a first set of characteristics that are common with the
idle state but not the connected state and a second set of characteristics that are common

with the connected state but not the idle state.

In at least some examples, the first set of characteristics comprise mobility management by
cell re-selection and the second set of characteristics comprise a security context for

ciphering.

In the example illustrated, the inactive state is a state that is entered from the connected
state. In the inactive state, a security context is retained from the connected state for
ciphering but measurement and reporting for beam alignment, as performed in the

connected state, is not supported.

The examples described below enable, in the inactive state, data transmission, for example,
small data transmission, by the terminal node 110 (e.g. the UE) to the access node 120 (the

base station e.g. gNB).

Data transmission can occur in the inactive state via one of a plurality of modes for uplink data
transmission during the inactive state. In some examples, data is ciphered as per the security

keys in the stored UE AS context.

The plurality of modes for uplink data transmission in the inactive state comprise at least one
mode that uses pre-configured physical uplink shared channel (PUSCH) uplink resources

and one mode that does not use pre-configured PUSCH uplink resources.
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In at least some examples, the plurality of modes for uplink data transmission in the inactive
state comprises at least a 4-step random access mode for data transmission, a 2-step
random access mode for data transmission, and a configured grant mode for data

transmission.

An example of a 4-step random access mode for data transmission in the inactive state is
illustrated in FIG 3A. The user equipment 110 sends a Random Access Preamble (MSG 1)
to the access node 120 using the physical uplink shared channel (PUSCH) and a Random
Access Channel (RACH) preamble. The random access preamble used is determined by
preconfigured radio resources. The preconfigured radio resources do not yet comprise
preconfigured PUSCH radio resources. The access node 120 responds with a Random
Access Response (MSG 2) which configured PUSCH resources. The user equipment 110
sends a Scheduled Transmission (MSG 3) to the access node 120 in PUSCH using the
configured PUSCH resources. The access node 120 responds with a Contention Resolution
(MSG 4). The Scheduled Transmission (MSG 3) is used to transmit the data using

dynamically configured PUSCH resources.

An example of a 2-step random access mode for data transmission in the inactive state is
illustrated in FIG 3B. The user equipment 110 sends a MsgA to the access node 120 in the
physical uplink shared channel (PUSCH) using preconfigured PUSCH resources and a
Random Access Channel (RACH) preamble. The access node 120 responds with a MsgB.
The MsgA is used to transmit the data using the preconfigured PUSCH resources. The
MsgA is equivalent to a combination of MSG1 and MSG3 of the 4-step procedure. The MsgB

is equivalent to a combination of MSG2 and MSG4 of the 4-step procedure.

An example of configured grant mode for data transmission, in RRC Connected state, is
illustrated in FIG 4A and 4B.

In the example illustrated it is possible to preconfigure uplink transmissions without the need
to transmit a dynamic grant (e.g. Random Access Response) in correspondence of each
uplink transmission occasion. The pre-configuration of these uplink PUSCH resources, the
Configure Grant (CG) PUSCH resources, can happen according to two possible schemes.
The actual uplink grant may either be configured via RRC (type1) as illustrated in FIG 4A or
provided via a combination of RRC and PDCCH (addressed to CS-RNTI) (type2) as illustrated

in FIG 4B. In at least some examples, in the inactive state, only type 1 (FIG 4A) is used for
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data transmission as no monitoring of PDCCH is required. Thus, configured grant-based
resources of type 1 can be used by the UE to transmit in the inactive state. In a least some

examples, such transmission is conditional on the UE having a valid timing advance (TA).

PUSCH resources are pre-configured for the configured grant mode for data transmission
and the 2-step random access mode for data transmission. The pre-configured PUSCH
resources enable the UE to use the pre-configured PUSCH resources for data transmission,

for example, as described above (FIG 3B, 4A)

In at least some examples, PUSCH resources specify time and frequency resources in the
PUSCH grid. That PUSCH resources allocate resource blocks (frequency resources) at given
slot/symbols in the time domain. Pre-configured resources will include the PUSCH resources
and associated transmit properties, including the Tx power, the modulation and coding
scheme (MCS), demodulation reference signal (DMRS) ports, etc.

PDSCH/PUSCH DMRS is a special type of physical layer signal which functions as a
reference signal for decoding PDSCH/PUSCH. Similarly, NR defines PBCH DMRS. A DMRS
sequence can be referred to as a preamble sequence, and may be used directly for
identification (e.g. if it is unique UE-specific). It can further be used for channel estimation.

DMRS can be used for channel estimation and also for non-unique UE identification.

Collision resolution of UEs using the same preconfigured PUSCH resources (e.g. in CG-based
data tranmsisison) is facilitated by the network assigning orthogonal DMRS. Multiple UEs can
be pre-allocated with the same time-frequency resources and assigned orthogonal DMRS
sequences to multiplex with the data to enable the network to separate/distinguish the
transmitting UE(s). The DMRS sequence is primarily for channel estimation to enable the gNB

to detect and equalize the transmission.

For the configured grant mode for data transmission, the provisioning of the pre-configured
PUSCH resources may happen on transition from the connected state to the inactive state.

For example, via radio resource control (RRC) signalling (e.g. at RRC release with suspend.

For the 2-step random access mode for data transmission, the provisioning of the pre-
configured PUSCH resources may happen via system level signalling or radio resource
control (RRC) signalling (e.g. via System Block Information (SIB) or via RRC release with

suspend)
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For the 4-step random access mode for data transmission, the provisioning of the pre-
configured resources, for example the RACH preambles, may happen via a broadcast

signalling (e.g. via SIB).

It will therefore be appreciated that uplink data transmission during an inactive state can

occur using the determined valid pre-configured radio resource(s).

The pre-configured resources can be Random Access Channel (RACH) radio resources e.g.
RACH preambles and/or Physical Uplink Shared Channel (PUSCH) pre-configured

resources associated with PUSCH.

In at least some examples, the plurality of modes for uplink data transmission comprises at
least one mode that uses pre-configured PUSCH uplink resources and one mode that does

not use pre-configured PUSCH uplink resources.

The plurality of modes for uplink data transmission can comprise at least a 4-step random
access mode for data transmission, a 2-step random access mode for data transmission,

and a configured grant mode for data transmission.

In at least some examples, the network node 120 can communicate via spatially separated
channels, this allows spatial modulation. The spatially modulated channels are often referred

to as beams.

It is possible for a network node to use distinct spatial channels (beam-related channels) for
uplink (reception) and for downlink (transmission). It is possible for a network node to use the

same or overlapping spatial channels for uplink (reception) and for downlink (transmission).

It is also possible for a terminal node 110 to use distinct spatial channels for uplink

(transmission) and for downlink (reception).

In the following it will be assumed that the network node 120 at least receives data via spatially
separated channels (beams). The network node 120 can use distinct spatial channels for
uplink (reception) and for downlink (transmission). The terminal node 110 can but does not

need to use distinct spatial channels for its transmission or reception.
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As illustrated in FIG 5A and 5B, an access node beam alignment procedure between the
access node (e.g. gNB) and the terminal node (e.g. UE) comprises:

i) the access node 120 transmits probe signals in different directions using different
transmission beams 202;

i) the terminal node 110 performs measurements of the probe signals and provides feedback
on the best beam 202.

In FIG 5A, the beams 202 used to transmit and receive by the access node 120 are wide and

there is reduced spatial selectively.

In FIG 5B, the beams 202 used to transmit and receive by the access node 120 are narrow

and there is increased spatial selectively.

The procedure (P-1) illustrated in FIG 5A can be performed first. Then the procedure (P-2)
illustrated in FIG 5B can be performed as a refinement.

FIG 6 illustrates an example of data transmission by a terminal node 110 during the inactive

state.

The apparatus 110, which is operable as user equipment 110, comprises:

a) receiving means 212 for receiving, at the user equipment (UE) 110 from a base station
120 provisioning 220 of a plurality of pre-configured radio resources 240 (not illustrated) for
data transmission during an inactive state of the UE 110. A pre-configured radio resource
240 is associated with a set of one or more beams 202.

b) acquiring means 214 for acquiring at the UE 110 validity information 222 associated with
one or more said pre-configured resources 240;

¢) determining means 216 for using at least the validity information 222 to determine, for

use, a valid preconfigured radio resource 240.

The apparatus 110 can also comprise transmit means 218 for uplink data transmission 224

during an inactive state using the determined valid pre-configured radio resource 240 (if

any).

One or more of the steps of receiving, acquiring and determining can occur during the inactive
state or in another state. The steps of receiving and acquiring can occur in any order (or

together) before the step of determining.
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The association between one or more beams 202 and the pre-configured radio resource 240
can be direct or indirect. In at least some examples, the one or more beams 202 are directly
associated with the pre-configured radio resource 240 and are uplink reception beams of a
base station 120. In at least some examples, the one or more beams 202 are indirectly
associated with the pre-configured radio resource 240 and are downlink transmission beams
of the base station 120.

For example, in at least some examples, the user equipment 110 comprises means for
estimating a quality (e.g. strength, for example received power strength) of one or more of
the downlink transmission beams of the base station 120, and for using the estimated quality
(e.g. strength) to determine a valid preconfigured radio resource 240. A quality of a
transmission beam 202 of the base station 120 can be measured, for example, by

measuring the RSRP.

Thus, downlink (transmission) beams of the base station 120 have a measured quality. As
illustrated in FIG 8, the downlink transmission beams T of the base station 120 can be
associated with corresponding uplink (reception) beams R of the base station 120. Downlink
beams T of the base station and uplink (reception) beams R of the base station 120 can
correspond because they significantly overlap e.g. they occupy the same spatial channels
and are spatially reciprocal. The measured quality of the downlink (transmission) beams T of
the base station 120 can be assigned to the associated corresponding uplink (reception)
beams R of the base station 120. Each uplink (reception) beams Rn of the base station

operates using pre-configured radio resources PRn, for example, as described above.

FIG 8 illustrates different associations from a downlink (transmission) beam(s) Tn of the
base station 120 to the corresponding uplink (reception) beam(s) Rn of the base station to
the pre-configured radio resources PRn of the corresponding uplink (reception) beam(s) Rn

of the base station 120.

FIG 8 uses a grid arrangement. The first column headed “AN Tx’ for access node
transmission, schematically illustrates in different rows different access node downlink
(transmission) beam(s) Tn. The second column headed “AN Rx” for access node reception,
schematically illustrates in different rows different access node uplink (reception) beam(s)
Rn. The third column headed “Preconfigured Resources” schematically illustrates in different

rows different preconfigured resources PRn.
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The third column headed “TN Data Tx Mode in INACTIVE” for terminal node (TN) data
transmission (Tx) mode in inactive state, schematically illustrates in different rows different

data transmission modes Mn. The two headed arrows show associations.

If the measured quality of the downlink (transmission) beam(s) Tn of the base station 120 is
sufficiently high, then the pre-configured radio resources PRn of the uplink (reception)
beam(s) Rn of the base station 120 that correspond to the measured downlink
(transmission) beam(s) Tn can be valid or conditionally valid. Conditionally valid means that
one or more other criteria need to be satisfied for the pre-configured radio resources PRn to

be valid.

An example of a criterion is that the corresponding uplink (reception) beam(s) Rn of the base
station 120 is available. An example of a criterion is that the corresponding uplink (reception)

beam(s) Rn of the base station 120 is not restricted.

An example of a criterion is that the corresponding uplink (reception) beam(s) Rn of the base
station 120 is associated with a data transmission mode Mn that is available. An example of
a criterion is that the corresponding uplink (reception) beam(s) Rn of the base station is

associated with a data transmission mode Mn that is not restricted.

The determination can be based at least on the validity information 222. The validity
information 222 can, for example, comprise a quality threshold and/or parameters for
defining the conditional criteria. For example, the validity information 222 can identify which
beams Rn are available and/or which beams Rn are restricted. For example, the validity
information 222 can identify which data transmission modes Mn are available and/or which
data transmission modes Mn are restricted. For example, the validity information 222 can
identify which combinations of data transmission modes Mn and beams Rn (preconfigured
radio resources PRn) are available and/or which combinations of data transmission modes

Mn and beams Rn (preconfigured radio resources PRn) are restricted.

FIG 8(i) illustrates an example in which first preconfigured radio resources PR1 are
associated with a first mode of data transmission M1 during the inactive state. The
combination of the first data transmission mode M1 and the first preconfigured radio
resources PR1 (for a first beam R1) are available and are not restricted. If the estimated

quality of the first uplink beam T1 is sufficient then, subject to other conditions (if any), the
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first data transmission mode M1 can be used with the first preconfigured radio resources
PR1. The estimated quality of the first uplink beam R1 can be based on a measured quality

of the first downlink beam T1.

FIG 8(ii) illustrates an example in which two distinct sets of second preconfigured radio
resources PR2_1, PR2_2 are associated with a second mode M2 of data transmission
during the inactive state. The combination of the second data transmission mode M2 and a
first one of the second preconfigured radio resources PR2_1 (for a first one of second
beams R2_1) is available and is not restricted. If the estimated quality of the first one of the
second beams R2_1 is sufficient then, subject to other conditions (if any), the second data
transmission mode M2 can be used with the first one of the second preconfigured radio
resources PR2_1. The combination of the second data transmission mode M2 and a second
one of the second preconfigured radio resources PR2_2 (for a second one of second beams
R2_2) is available and is not restricted. If the estimated quality of the second one of the
second beams R2_2 is sufficient then, subject to other conditions (if any), the second data
transmission mode M2 can be used with the second one of the second preconfigured radio
resources PR2_2. The estimated quality of the uplink beams R2_1, R2_2 can be based on a

measured quality of the respective downlink beams T2_1, T2_2.

If the second beams R2_1, R2_2 are available and the estimated quality of the first one of
the second beams R2_1 is sufficient and the measured quality of the second one of the
second beams R2_2 is sufficient, then, subject to other conditions (if any), the second data
transmission mode M2 can be used with the second preconfigured radio resources PR2_m

associated with the highest quality beam R2_m. In this example mis 1 or 2.

FIG 8(iii) illustrates an example in which third preconfigured radio resources PR3 are
associated with a third mode of data transmission M3 during the inactive state. The
combination of the third data transmission mode M3 and the third preconfigured radio
resources PR3 (for a third beam R3) are available and are not restricted. If the estimated
quality of the third uplink beam R3 is sufficient then, subject to other conditions (if any), the
third data transmission mode M3 can be used with the third preconfigured radio resources
PR3. The estimated quality of the third uplink beam R3 can be based on a measured quality
of the third downlink beam T3.

FIG 7 illustrates an example of a method 230 of determining for use, a valid preconfigured

radio resource 240, as previously described. The use can, for example, be in uplink data
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transmission using a determined combination of a mode Mn of uplink data transmission and

preconfigured radio resources PRn.

Different particular preconfigured radio resources PRn are associated with different
particular beam(s) Rn, as previously described. There are therefore valid associations of

preconfigured radio resources PRn and particular beam(s) Rn.

The method illustrated in FIG 7 determines a valid combination of a data transmission mode

Mn and preconfigured radio resources PRn (and associated beam beam(s) Rn).

At block 232, a putative (candidate) valid combination of a data transmission mode Mn and

preconfigured radio resources PRn (and associated beam beam(s) Rn) is determined.

At block 234, the putative valid combination of a data transmission mode Mn and
preconfigured radio resources PRn (and associated beam beam(s) Rn) is tested for validity

using the validity information 222.

The validity information 222 is associated with one or more said pre-configured resources
PRn, either directly or indirectly via associated beam(s) Tn, Rn. The associated beam(s) can
for example be uplink (reception) beam(s) Rn of the base station 120 or downlink

(transmission) beam(s) Tn of the base station 120.

If the putative valid combination of a data transmission mode Mn and preconfigured radio
resources PRn (and associated beam beam(s) Rn) is tested to be valid, then
the data mode Mn of the valid combination is used to transmit data 224 using the

preconfigured radio resources PRn of the valid combination.

If the putative valid combination of a data transmission mode Mn and preconfigured radio
resources PRn (and associated beam beam(s) Rn) is tested to be invalid, then at block 232
a new putative valid combination of a data transmission mode Mn’ and preconfigured radio

resources PRn’ (and associated beam beam(s) Rn’) is determined.

The method then moves to block 234. At block 234, the new putative valid combination of a
data transmission mode Mn’ and preconfigured radio resources PRn’ (and associated beam
beam(s) Rn’) is tested for validity using the validity information 222. The method 230

repeats.
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A UE 110 can therefore be configured to select a valid combination from possible
combinations of:

(i) one of a plurality of modes Mn for uplink data transmission 224 during an inactive state of
the UE 110; and

(ii) a beam-related uplink channel that is associated to a set of one or more beams Rn at a

base station 120.

The beam-related uplink channel determines a preconfigured radio resource PRn for data
transfer during an inactive state of the UE 110. The beam at the base station can be uplink
(reception) beams Rn at the base station 120 or downlink (transmission) beams Tn at the
base station 120. The preconfigured radio resource PRn can be pre-configured PUSCH

radio resources or RACH radio resources.

In any examples, the step of acquiring at the UE 110 validity information 222 associated with

one or more said pre-configured resources 240 can occur in any suitable manner.

In some but not necessarily all examples, the UE 110 receives the validity information 222
from the network. For example, the configured grant configuration information can comprise
the validity information 222 in addition to all the other required parameters for configured
grant. For example, the signalling that causes a transition to the inactive state (e.g. Release
with suspend message) can comprise the validity information 222 in addition to all the other

required parameters for the inactive state.

However, in other examples the validity information 222 can be obtained, for example, via
information pre-loaded to the user equipment 110 by a manufacturer or a network operator

or downloaded to the user equipment 110 by a network operator.

In at least some examples, the validity information 222 comprises:
radio quality based thresholds and/or an indication, directly or indirectly, of one or more valid

preconfigured resources 240.

The radio quality based thresholds can for example be used in the assessment of different
downlink beams Tn used by the base station to transmit to the UE 110.
The radio quality based thresholds can, for example, be RSRP thresholds.

RSRP refers to reference signal received power. It can be the
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average power received from a single Resource Element allocated to a Secondary
Synchronization Signal. It could be combined received power signal strength from all

antenna elements belonging to a single receive path.

The validity information 222 can directly indicate one or more valid pre-configured radio
resources 240 by identifying the one or more valid pre-configured radio resources 240. The
validity information 222 can indirectly indicate one or more pre-configured radio resources
240 by identifying the one or more base station downlink transmission beams Tn associated
with a pre-configured radio resource PRn. The validity information 222 can indicate directly
validity by indicating, one or more pre-configured radio resources 240 that are valid. The
validity information 222 can indicate indirectly validity by indicating, directly or indirectly, one
or more pre-configured radio resources 240 that are restricted (invalid) and therefore not

usable.

As previously described, the validity information 222 can, for example, comprise

parameters for defining the conditional criteria. For example, the validity information 222 can
identify which beams Rn are available and/or which beams Rn are restricted. For example,
the validity information 222 can identify which data transmission modes Mn are available
and/or which data transmission modes Mn are restricted. For example, the validity
information 222 can identify which combinations of data transmission modes Mn and beams
Rn (preconfigured radio resources PRn) are available and/or which combinations of data

transmission modes Mn and beams Rn (preconfigured radio resources PRn) are restricted.

Thus, the validity information 222 can enable or prevent use of configured grant for at least
one beam Rn. For example, the validity information 222 can prevent use of configured grant
for data transmission 224 unless there is a beam Rn sufficient for configured grant. For
example, the validity information 222 can enable use of configured grant for data

transmission 224 using a best available beam if it is sufficient for configured grant.

Thus, the validity information 222 can enable use of the best available beam Rn for uplink
data transmission 224, and selection of a data transmission mode Mn that can be used with

that beam Rn.

Thus, the validity information 222 can cause avoidance of using a preconfigured PUSCH

radio resource associated with a strongest transmission beam and cause falling-back to a 4-
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step RACH based data transmission mode, if the preconfigured PUSCH radio resource is

determined, from the validity information 222, to be an invalid radio resource.

In some examples, selection of a beam Rn (preconfigured radio resource PRn) is based on
a data transmission mode Mn. That is there is a preference for a particular data transmission
mode Mn, for example configured grant, and a bias towards finding a beam Rn
(preconfigured configured grant PUSCH radio resource PRn) that supports that configured

grant data transmission mode Mn.

For example, in some but not necessarily all examples, a user equipment 110 can maintain
using the same data transmission mode Mn (e.g. configured grant), and the current pre-
configured radio resources PRn_1 (a current beam Rn_1) despite the current beam not

being the best beam or the current beam deteriorating in quality.

For example, in some but not necessarily all examples, a user equipment 110 can maintain
using the same data transmission mode Mn (e.g. configured grant), with different pre-
configured radio resources PRn_2 (a new different beam Rn_2) despite the new beam Rn_2
not being the best beam. In this example, the current beam Rn_1 is no longer sufficient and

the new beam Rn_2 is sufficient (but not necessarily the best).

For example, in some but not necessarily all examples, a user equipment 110 can maintain
using a current data transmission mode Mn using current/new pre-configured radio
resources (current/new current beam) despite the current/new beam not being the best
beam or the current beam deteriorating in quality. In this example, the beam used is
sufficient (but not necessarily the best). In some examples, a change in beam can occur
when a sufficiently better beam for that data transmission mode is available. In some
examples, a change in beam can occur when the current beam for that data transmission
mode is no longer sufficient. In at least some of these examples, when there is no beam that
is sufficient for the preferred current data transmission mode (e.g. configured grant), then the
data transmission mode can be switched to one or more other modes (e.g. 2-step RACH, 4-
step RACH). The mode that is switched to can, for example, have a set-up procedure that
comprises configuration of radio resources for an aligned beam. The new data mode of
uplink transmission is therefore automatically aligned with an uplink (reception) beam R of

the base station 120 improving reception quality.
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Therefore, in at least some examples, the user equipment 110 is configured to switch from a
mode of data transmission without alignment to a (reception) beam at the base station or
without sufficient alignment to a (reception) beam at the base station 120 to a new mode of
data transmission, wherein at least a set-up procedure for the new mode of data
transmission 224 comprises configuration of radio resources for an aligned (reception) beam
at the base station.

In the 2-step and the 4-step RACH procedures, the user equipment 110 can be configured to

identify a new target (reception) beam Rn using a specific PRACH preamble.

The validity information 222 can, for example, define, for example using thresholds, one or
more allowed combinations:

a) a combination of a configured grant mode for uplink data transmission and a current
beam;

b) a combination of a configured grant mode for uplink data transmission and a strongest
beam; and/or

¢) a combination of a random access mode for uplink data transmission and a strongest

beam.

In at least some examples, if a current beam is the strongest beam, the UE 110 uses the
validity information to select, for use, a combination of a configured grant mode for uplink

data transmission and the current beam.

In at least some examples, if a current beam is not the strongest beam, the UE 110 uses the
validity information 222 to select, for use, a combination of a configured grant mode for

uplink data transmission and the strongest beam (if possible).

In at least some examples, if there is no beam sufficient for a configured grant mode for
uplink data transmission, the UE 110 uses the validity information 222 to select, for use, one
or more combinations of a random access mode for uplink data transmission and a strongest

beam (if possible).

In the example method 250, illustrated in FIG 9, identification of the serving SSB(s) (and the
associated L1-RSRP operation range) is made part of the CG configuration so that CG

operation while in RRC Inactive can be made robust to any eventual beam failures.
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The mechanism has a fine granularity which allows to trigger the gNB 120 to select a new
serving beam (new serving SSB of the UE 110 and for the gNB 120 to use a new Rx beam
associated with the new serving SSB) via either

(i) a procedure that reuses the CG configuration (in case the L1-RSRP of the serving SSB is
within a pre-configured range) to request the beam change, or

(ii) the 2-step or 4-step RACH procedure (in case the L1-RSRP of the serving SSB is below a

pre-configured threshold).

FIG 9 illustrates an example of a detection and recovery procedure upon beam change for a
UE 110 in RRC Inactive configured with Configured Grant-based Small Data Transmission
(CG-SDT).

The CG-SDT allocation is initially associated with at least one gNB Rx beam configuration Rn
(pre-configured radio resources PRn) which is either explicitly indicated by the gNB 120 as

part of the CG configuration, or implicitly determined by the UE 110.

The UE 110 detects whether the gNB Rx beam Rn, initially assigned for CG-SDT (Mn), is still
valid, no longer the best one but still usable, or no longer valid; the detection is made prior to
the time when a new payload is to appear (or appears) in the UE’s buffer.

At block 251, the UE 110 evaluates the gNB Rx beam Rn, initially assigned for CG-SDT (Mn),

when a new payload appears.

Upon the above evaluation, at block 253, if the initial beam Rn is deemed valid for Mn, the
UE 110, at block 252, uses CG-SDT resources PRn as configured initially for transmitting
the payload via uplink transmission mode Mn (CG-SDT).

At block 254, it is determined if the initial beam Rn is deemed no longer the best one but still

usable.

If so, at block 255, the UE 110 uses the initial beam Rn to trigger an Rx gNB beam change
(beam reconfiguration for CG-SDT) by reporting via DMRS, UCI (or other methods) to the gNB
120 an indication that a beam change is needed to beam Rm. The beam reconfiguration has

to be acknowledged by the network to be considered successful.

If not, at block 256, the UE 110 uses (falls-back) to RA data transmission (2-step or 4-step)

for the transmission of the payload at block 256. Thus, if the initial beam is deemed no longer
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valid, the UE triggers a fallback to RA data transmission (2-step or 4-step). During the
associated random access procedure, the UE 110 indicates to the gNB 120 the new best
beam via preamble selection; the indication of the new beam will trigger an Rx gNB beam
change. Upon the completion of the fallback, there are two foreseen options:

(i) the UE assumes no CG-SDT (i.e. it will operate in either RA data transmission (2-step or 4-
step) unless explicitly configured by the gNB with configured grant data transmission once
again; or

(i) the UE resumes the CG-SDT, with the assumption that the gNB Rx as now been updated
(when this is acknowledged by the gNB).

The gNB 120 ensures that after the Rx gNB beam change procedure 256 initiated by the UE,
it will be listening with the correct Rx beam (according to the UE indication) at the UE’s

preconfigured PUSCH radio resources associated with the UE’'s CG-SDT.

The procedure at block 256 can be done in parallel to the procedure at block 255.The
motivation for running both procedures 255. 256 in parallel is because the use of RA data
transmission 2-step or 4-step may introduce delay due to e.g. preamble collision and/or
contention resolution, thus the beam reconfiguration for CG-SDT may be faster depending on

the scenario.

An example method 260 is illustrated in FIG 10.

The UE 110 performs the initial access procedure that allows the UE to transition from RRC
IDLE to RRC Connected (either through 2-step or 4-step RACH procedure).

At block 262, the UE informs the gNB of its traffic characteristics, including the traffic periodicity

and typical size of its periodic traffic data payload.

At block 263, the gNB 120 informs the UE 110 of the “Configured Grant Config” for RRC
INACTIVE operation, which includes information of the beam (SSB) taking the role of serving
SSB as well as validity information 222 including the L1-RSRP operation range where the

serving SSB is assumed to be feasible for CG-SDT.

The indication of L1-RSRP operation range is required for the UE to detect if there is another
SSB which has a stronger L1-RSRP and in turn can indicate that the gNB should be using
another Rx beam for the CG-SDT reception associated with the UE. Furthermore, the L1-



10

15

20

25

30

WO 2022/002528 PCT/EP2021/064974
24

RSRP operation range includes a first threshold, where whenever the measured L1-RSRP of
the serving SSB is over it, the CG-SDT operation should be assumed by the UE to be
operating normally. While, if the measured L1-RSRP is below that first threshold the UE should
monitor if there is another stronger SSB. The validity information 222 comprises a second
threshold which allows the UE 110 to decide which recovery procedure to select when
indicating to the network that the serving SSB needs to be changed. When the measured L1-
RSRP of the current serving SSB is above the second threshold, then the current beam is
sufficient and the UE can attempt the recovery procedure by utilizing the current serving SSB
for CG-SDT. While, if the measured L1-RSRP of the serving SSB is below the second
threshold the current beam is insufficient and the UE should attempt the recovery procedure

via RA data transmission (2-step or 4-step).

The UE can also be configured with a third threshold, comprised in the validity information
222, related to the delta between the measured L1-RSRP of the serving SSB and the current
strongest measured SSB. Whenever the delta is above the third threshold the UE can
preemptively start the recovery procedure (even in the case where the measured L1-RSRP of
the current serving SSB is above the first threshold);

Additionally, the UE can be configured via the validity information 222 with a set of SSBs over
which it will assume normal CG-SDT operation (i.e. as long as the strongest SSB is still among

the set of configured SSBs).

In an alternative implementation, the UE 110 is configured with a normal “Configured Grant
Config” for RRC CONNECTED operation, but then the UE is instructed to transition to RRC
INACTIVE and maintain the same CG configuration. Note that in this case the UE still has to
be informed of the serving SSB as well the validity information 222 including the L1-RSRP
operation range. The later can be part of common RRC configuration, while the former can be
either determined via the UE’s own measurements or indicated by the gNB via a dedicated

signaling message.

At block 264, the gNB 120 triggers the transition of the UE 110 from RRC CONNECTED to
RRC INACTIVE.

At block 265, the UE 110 gets a new packet in the buffer from its application layer.
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At block 266, the UE 110 determines the current strongest SSB. This can either be done after
the packet arrives to the buffer or as part of a periodic procedure that is always listening to the

gNB’s periodic SSB sweep.

The UE measures in which part of the L1-RSRP operating range is the current serving SSB.

At block 267, the UE determines if the measured L1-RSRP of the serving SSB is below the
second threshold.

If the UE determines that the measured L1-RSRP of the serving SSB is below the second
threshold it triggers the recovery procedure using either RA (2-step or 4-step) in order to
recover CG-SDT operation;

Alternatively, the UE transitions autonomously to RA data transmission (2-step or 4-step) i.e.
beam-based condition fall-back, and only resumes CG-SDT if specifically configured by the
gNB.

In somecases, the UE might no longer be in coverage of the cell and therefore will have to
perform a cell reselection. This may be the case if the UE exceeds the maximum number of

transmission attempts during RA data transmission (2-step or 4-step).

If the UE determines that the measured L1-RSRP of the configured serving SSB is above the
first threshold, it checks at block 268 if there is a stronger SSB.

If the UE 110, does not find a stronger SSB or the delta between the current serving SSB and
the strongest SSB is below the third threshold, the UE 110 proceeds with the normal CG- SDT

operation.

If the UE 110 finds a stronger SSB and the delta between the current serving SSB and the
strongest SSB is above the third threshold, the at block 269 the UE 110 then indicates via the
preconfigured radio resources allocated for the CG-SDT (and still via the serving SSB) to the
gNB 120 an identifier of this stronger SSB, so that the gNB can update its Rx beam

accordingly.

This can be accomplished by a special message that indicates explicitly what is the current
stronger SSB. Additionally, this message can also be used to reconfigure the type/amount of

resources needed, in case the UE traffic characteristics changed.
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For this to be possible it is necessary that the configuration of the Configured Grant includes
the indication that the transmission of the UCI is allowed and that the UCI includes information

about the current stronger SSB.

It can be accomplished instead by a new message design where the DMRS port used in the
transmission indicates that there is a reconfiguration message payload instead of the usual
SDT transmission. Alternatively, the DMRS port can indicate if the resource elements in the
PUSCH payload should be interpreted as normal (i.e. modulation symbols that can be
demodulated into data) or if instead these resource elements are associated with a robust
sequence (which enables the operation with a larger SSB RSRP range). Then the selected
sequence for transmission by the UE can encode what is the SSB with the highest RSRP that

the UE is currently experiencing.

At block 270, the gNB 120 provides feedback to the UE request.

At block 270(a), the gNB 120 confirms the change of the gNB Rx beam and instructs the UE
to continue with Mode CG-SDT. The gNB can then send a new ConfiguredGrantConfig (or a

simplified version of this |E that only includes the delta from the original configuration).

At block 270(b), the gNB 120 triggers the fallback to another data transmission mode e.g. an

RA data transmission mode (2-step or 4-step).

Additionally, the gNB 120 can at any time reconfigure the UE’s data transmission mode either
as a result from the UE’s periodic RAN Notification Area (RNA) updates, via paging or other
signalling directed to the UEs |-RNTI.

It is assumed that there is a correspondence between a gNB Rx beam Rn and the Tx beam
Tn used for the transmission of the gNB’s SSBs, which we denote as the serving SSB. We
note that this is a valid assumption for serving UEs in RRC Inactive. This allows the gNB to
change its Rx beam to receive the UEs’ CG-SDT transmissions based on the indication of
reception of the gNB RSs (e.g. SSBs).

The implementation details are described assuming there is one serving SSB associated with
the “Configured Grant Config” for RRC INACTIVE operation. However, more generally the
“Configured Grant Config” for RRC INACTIVE could be associated with a set of at least one
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SSB. In this case, the L1-RSRP of the strongest SSB in the set is the L1-RSRP of the serving
SSB.

In some examples, selection of a data transmission mode Mn in the inactive state is based
upon a beam Rn (preconfigured radio resource PRn). That is there is a preference for using
a highest quality, available beam Rn at the base station 120 for reception of the data
transmission from the UE 110. There is a bias towards finding transmission mode Mn that

supports a strongest beam Rn (preconfigured configured grant PUSCH radio resource PRn).

The UE 110 can use the validity information 222 to select, for use, a valid combination from
possible combinations of: one of a plurality of modes Mn for uplink data transmission; and an
estimated strongest available beam Rn for reception of uplink data transmission. It can
select the best available mode Mn with the constraint of using the best available beam Rn.
The validity information 222 can, for example, indicate allowed/restricted combinations of
modes and beams.

FIG 11 illustrates an example method 290 in which radio resources (PRACH / PUSCH / DMRS
resources) for uplink data transmission in the inactive state are reserved (preconfigured) for

each gNB Rx beam.

At block 291, UE 110 receives validity information 222 via a network indication of SDT Mode
allowance per beam/SSB. this could be broadcasted via SIB. Alternatively, a UE-specific
indication could be provided via RRC e.g. at RRC Release (to RRC Inactive) or upon an RNA

update procedure (while in RRC Inactive).

The advantage of this later approach is that it enables the network to control the behaviour of
each SDT UE individually.

As an example, the CG configuration for SDT can indicate to which beam(s) such CG
configuration it applies to or does not apply, in turn, indicating in which beam(s) the UE can

use the configured PUSCH resources for CG-SDT transmissions.

At block 292, the UE 110 in RRC Inactive state is trying to support CG-SDT, and has a data

payload in buffer to transmit to the base station 120. The UE 110 has determined or does
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determine the strongest beam for reception of a data transmission by the UE 110 to the base
station 120.

The UE has received from the base station 120 provisioning of a plurality of pre-configured
radio resources for data transmission during an inactive state of the UE. The UE 110 has

acquired validity information 222 associated with one or more said pre-configured resources.

At block 293, the UE 110 uses at least the validity information 222 to determine, for use, a
valid preconfigured radio resource. It determines whether CG-SDT is allowed on the

strongest beam.

If CG-SDT is allowed on the strongest beam, then at block 294, the UE 110 sends the
payload using the preconfigured configured grant PUSCH resources of the strongest beam
this enabling CG-SDT on the strongest beam.

If CG-SDT is not allowed on the strongest beam, then at block 295, the UE 110 sends the

payload using preconfigured RACH resources to enable RA 4-step data transmission mode.

Thus upon detecting that a strongest beam is a restricted beam for a particular data
transmission mode (e.g. CG-SDT or RA 2-step data transmission), the UE 110 avoids using
that ‘restricted’ mode and falls back instead to an allowed mode for the strongest beam (e.g.
RA 2-step data transmission or RA 4-step data transmission).

PRACH/PUSCH resources to be used by the UE 110, to perform uplink data transmission
when in RRC Inactive, may be assigned in a contention-free manner to avoid collisions.
However, if the capacity demand increases in a beam, the usage of these resources could

be restricted by the network.

For CG-SDT, PUSCH and DMRS resources may be configured with an overbooking factor to
avoid unused resources, which would otherwise be wasted. For RA 2-step data transmission,
similar overbooking of PUSCH resources is possible by mapping multiple preambles to the
same PUSCH resources. Also, the impact on the network capacity from reserving PUSCH
resources and/or DMRS sequences for these data transmission modes with preconfigured
PUSCH radio resource will depend on the amount of resources required by UEs in RRC
Connected. The overbooking factor could be increased in case a larger capacity demand
arises. However, a too large overbooking factor may deteriorate the networks capability of

decoding uplink data transmissions by the UE 110 in inactive state.
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As an example, if some beams in the cell are more loaded (i.e. the PUSCH resources when
transmitting in these directions are largely occupied e.g. by UEs in RRC Connected mode),
then CG-SDT and RA 2-step data transmission modes should not be used (restricted), and
instead the fallback to RA 4-step data transmission mode will take place since the latter mode

does not require reservation (pre-configuration) of PUSCH resources.

The method 290 described above in relation to FIG 11, can mitigate decoding issues that could
affect uplink data transmission using preconfigured PUSCH radio resources (e.g. RA 2-step
data transmission and CG-SDT) when the PUSCH/DMRS resource usage from UEs in RRC

Connected mode in a beam increases.

The network can control the PUSCH load level in different beams by controlling the validity
information 222 on a per beam level. The validity information 222 can, for example indicate
for a cell, which set of beams which are allowed for CG-SDT or RA 2-step data transmission
or, vice versa, a set of beams that are restricted from using CG-SDT or RA 2-step data

transmission. PUSCH bottlenecks and decoding issues are avoided.

Similar means can be adopted to control the DMRS sequences or the RACH load in a beam.
For the latter, the aim could be to keep the RACH collision rate below a target, by controlling
the selection of RA 4-step data transmission and RA 2-step data transmission which make
use of RACH preamble resources. For example, by indicating an access probability to be used
by each UE to select when to perform RA data transmission. Alternatively, this functionality
could be implemented by the form of an access mask, which would only allow a UE to access

to specific 2-step or 4-step resources, whenever attempting a data transmission.

The preceding examples, enable the method illustrated in FIG 12. The method 300
comprises

at block 302, receiving, at a UE from a base station provisioning of a plurality of pre-
configured radio resources for data transmission during an inactive state of the UE ,Wherein
a pre-configured radio resource is associated with a set of transmission beams

at block 304, acquiring at the UE validity information associated with one or more said pre-
configured resources;

at block 306, using at least the validity information to determine, for use, a valid

preconfigured radio resource.
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Fig 13 illustrates an example of a controller 400. Such a controller 400 can, for example, be
used in user equipment 110. Such a controller 400 can, for example, be used in a base
station 120.

Implementation of a controller 400 may be as controller circuitry. The controller 400 may be
implemented in hardware alone, have certain aspects in software including firmware alone or

can be a combination of hardware and software (including firmware).

As illustrated in Fig 13, the controller 400 may be implemented using instructions that enable
hardware functionality, for example, by using executable instructions of a computer program
406 in a general-purpose or special-purpose processor 402 that may be stored on a
computer readable storage medium (disk, memory, etc.) to be executed by such a processor
402.

The processor 402 is configured to read from and write to the memory 404. The processor
402 may also comprise an output interface via which data and/or commands are output by
the processor 402 and an input interface via which data and/or commands are input to the

processor 402.

The memory 404 stores a computer program 406 comprising computer program instructions
(computer program code) that controls the operation of the apparatus 110 (or apparatus
120) when loaded into the processor 402. The computer program instructions, of the
computer program 406, provide the logic and routines that enables the apparatus to perform
the methods illustrated in Figs 6 to 12. The processor 402 by reading the memory 404 is

able to load and execute the computer program 406.

The apparatus 110 therefore comprises:

at least one processor 402; and

at least one memory 404 including computer program code

the at least one memory 404 and the computer program code configured to, with the at least

one processor 402, cause the apparatus 110 at least to perform:
receiving, at a user equipment (UE) from a base station provisioning of a plurality of
pre-configured radio resources for data transmission during an inactive state of the
UE, wherein a pre-configured radio resource is associated with a set of transmission

beams
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acquiring at the UE validity information associated with one or more said pre-
configured resources;

using at least the validity information to determine, for use, a valid preconfigured
radio resource.

As illustrated in Fig 14, the computer program 406 may arrive at the apparatus 110, (or the
apparatus 120) via any suitable delivery mechanism 408. The delivery mechanism 408 may
be, for example, a machine readable medium, a computer-readable medium, a non-
transitory computer-readable storage medium, a computer program product, a memory
device, a record medium such as a Compact Disc Read-Only Memory (CD-ROM) or a
Digital Versatile Disc (DVD) or a solid state memory, an article of manufacture that
comprises or tangibly embodies the computer program 406. The delivery mechanism may
be a signal configured to reliably transfer the computer program 406. The apparatus 110,

120 may propagate or transmit the computer program 406 as a computer data signal.

Computer program instructions 406 for causing an apparatus 110 to perform at least the
following or for performing at least the following:
receiving, at a UE froma base station provisioning of a plurality of pre-configured radio
resources for data transmission during an inactive state of the UE
wherein a pre-configured radio resource is associated with a set of transmission
beams
acquiring at the UE validity information associated with one or more said pre-
configured resources;
using at least the validity information to determine, for use, a valid preconfigured
radio resource.

The computer program instructions may be comprised in a computer program, a non-transitory
computer readable medium, a computer program product, a machine readable medium. In
some but not necessarily all examples, the computer program instructions may be distributed
over more than one computer program.

Although the memory 404 is illustrated as a single component/circuitry it may be
implemented as one or more separate components/circuitry some or all of which may be
integrated/removable and/or may provide permanent/semi-permanent/ dynamic/cached
storage.
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Although the processor 402 is illustrated as a single component/circuitry it may be
implemented as one or more separate components/circuitry some or all of which may be

integrated/removable. The processor 402 may be a single core or multi-core processor.

References to ‘computer-readable storage medium’, ‘computer program product’, ‘tangibly
embodied computer program’ etc. or a ‘controller’, ‘computer’, ‘processor’ etc. should be
understood to encompass not only computers having different architectures such as single
/multi- processor architectures and sequential (Von Neumann)/parallel architectures but also
specialized circuits such as field-programmable gate arrays (FPGA), application specific
circuits (ASIC), signal processing devices and other processing circuitry. References to
computer program, instructions, code etc. should be understood to encompass software for
a programmable processor or firmware such as, for example, the programmable content of a
hardware device whether instructions for a processor, or configuration settings for a fixed-

function device, gate array or programmable logic device etc.

As used in this application, the term ‘circuitry’ may refer to one or more or all of the following:
(a) hardware-only circuitry implementations (such as implementations in only analog and/or
digital circuitry) and

(b) combinations of hardware circuits and software, such as (as applicable):

(i) a combination of analog and/or digital hardware circuit(s) with software/firmware and

(ii) any portions of hardware processor(s) with software (including digital signal
processor(s)), software, and memory(ies) that work together to cause an apparatus, such as
a mobile phone or server, to perform various functions and

(c) hardware circuit(s) and or processor(s), such as a microprocessor(s) or a portion of a
microprocessor(s), that requires software (e.g. firmware) for operation, but the software may
not be present when it is not needed for operation.

This definition of circuitry applies to all uses of this term in this application, including in any
claims. As a further example, as used in this application, the term circuitry also covers an
implementation of merely a hardware circuit or processor and its (or their) accompanying
software and/or firmware. The term circuitry also covers, for example and if applicable to the
particular claim element, a baseband integrated circuit for a mobile device or a similar
integrated circuit in a server, a cellular network device, or other computing or network

device.

The blocks illustrated in the Figs 6 to 12 may represent steps in a method and/or sections of

code in the computer program 406. The illustration of a particular order to the blocks does
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not necessarily imply that there is a required or preferred order for the blocks and the order
and arrangement of the block may be varied. Furthermore, it may be possible for some

blocks to be omitted.

It will be appreciated from the foregoing that the base station 120 comprises:

means for transmitting, to a UE, validity information 222 for constraining beam-received
uplink data transmission during an inactive state of the UE 110 to a valid combination from
possible combinations of:

(i) one of a plurality of modes Mn for uplink data transmission;

(ii) a sub-set of beams Rn for reception of uplink data transmission.

A system comprises the user equipment and the base station 120.

Where a structural feature has been described, it may be replaced by means for performing
one or more of the functions of the structural feature whether that function or those functions

are explicitly or implicitly described.

As used here ‘module’ refers to a unit or apparatus that excludes certain parts/components
that would be added by an end manufacturer or a user. The controller 400 can, for example,

be a module.

In the above description reference is made to “using at least the validity information to
determine, for use, a valid preconfigured radio resource”. The outcome of this determining
may be the use of a valid preconfigured radio resource. An example of such a use is uplink
data transmission in the inactive state. In this example, the validity information is used to
determine and use a valid preconfigured radio resource. It is possible, in some
circumstances, for the outcome of the determining to be that there is no valid preconfigured
radio resource. As a consequence, uplink data transmission in the inactive state does not
occur at that time. The step of “using at least the validity information to determine, for use, a
valid preconfigured radio resource” is therefore broader than determining and using. It
encompasses not only the situation where the validity information is used to determine and
use a valid preconfigured radio resource but also the situation where no valid preconfigured
radio resource is available for use. The step of “using at least the validity information to
determine, for use, a valid preconfigured radio resource” could be rephrased, in at least
some examples, as “using at least the validity information to determine a validity of at least

one of the said preconfigured radio resources”. The phrase “determine a validity” can
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encompass determining a presence or absence of validity. The step of “using at least the
validity information to determine, for use, a valid preconfigured radio resource” could be
rephrased, in at least some examples, as

“using at least the validity information to verify availability for use of a valid preconfigured
radio resource” or “using at least the validity information to verify a preconfigured radio
resource for use for data transmission during the inactive state of the UE”. Verify in this
context means ascertaining that a preconfigured radio resource is available to be used for

data transmission during the inactive state of the UE.

The above described examples find application as enabling components of:

automotive systems; telecommunication systems; electronic systems including consumer
electronic products; distributed computing systems; media systems for generating or
rendering media content including audio, visual and audio visual content and mixed,
mediated, virtual and/or augmented reality; personal systems including personal health
systems or personal fitness systems; navigation systems; user interfaces also known as
human machine interfaces; networks including cellular, non-cellular, and optical networks;
ad-hoc networks; the internet; the internet of things; virtualized networks; and related

software and services.

The term ‘comprise’ is used in this document with an inclusive not an exclusive meaning.
That is any reference to X comprising Y indicates that X may comprise only one Y or may
comprise more than one Y. If it is intended to use ‘comprise’ with an exclusive meaning then
it will be made clear in the context by referring to “comprising only one..” or by using

“consisting”.

In this description, reference has been made to various examples. The description of features
or functions in relation to an example indicates that those features or functions are presentin
that example. The use of the term ‘example’ or ‘for example’ or ‘can’ or ‘may’ in the text
denotes, whether explicitly stated or not, that such features or functions are present in at least
the described example, whether described as an example or not, and that they can be, but
are not necessarily, present in some of or all other examples. Thus ‘example’, ‘for example’,
‘can’ or ‘may’ refers to a particular instance in a class of examples. A property of the instance
can be a property of only that instance or a property of the class or a property of a sub-class
of the class that includes some but not all of the instances in the class. It is therefore implicitly

disclosed that a feature described with reference to one example but not with reference to



10

15

20

25

30

35

WO 2022/002528 PCT/EP2021/064974
35

another example, can where possible be used in that other example as part of a working

combination but does not necessarily have to be used in that other example.

Although examples have been described in the preceding paragraphs with reference to
various examples, it should be appreciated that modifications to the examples given can be

made without departing from the scope of the claims.

Features described in the preceding description may be used in combinations other than the

combinations explicitly described above.

Although functions have been described with reference to certain features, those functions

may be performable by other features whether described or not.

Although features have been described with reference to certain examples, those features

may also be present in other examples whether described or not.

The term ‘a’ or ‘the’ is used in this document with an inclusive not an exclusive meaning. That
is any reference to X comprising a/the Y indicates that X may comprise only one Y or may
comprise more than one Y unless the context clearly indicates the contrary. If it is intended to
use ‘a’ or ‘the’ with an exclusive meaning then it will be made clear in the context. In some
circumstances the use of ‘at least one’ or ‘one or more’ may be used to emphasis an inclusive

meaning but the absence of these terms should not be taken to infer any exclusive meaning.

The presence of a feature (or combination of features) in a claim is a reference to that feature
or (combination of features) itself and also to features that achieve substantially the same
technical effect (equivalent features). The equivalent features include, for example, features
that are variants and achieve substantially the same result in substantially the same way. The
equivalent features include, for example, features that perform substantially the same function,

in substantially the same way to achieve substantially the same result.

In this description, reference has been made to various examples using adjectives or adjectival
phrases to describe characteristics of the examples. Such a description of a characteristic in
relation to an example indicates that the characteristic is present in some examples exactly

as described and is present in other examples substantially as described.
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Whilst endeavoring in the foregoing specification to draw attention to those features believed
to be of importance it should be understood that the Applicant may seek protection via the
claims in respect of any patentable feature or combination of features hereinbefore referred to
and/or shown in the drawings whether or not emphasis has been placed thereon.

I/'we claim:



