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CELL BARRING FOR RECAP USER EQUIPMENT

TECHNICAL FIELD

Various example embodiments relate generally to cell barring.

BACKGROUND

In wireless communications, access nodes of a cellular radio network
may be configured to provide communication services to devices, such as user
equipment (UE), via cells. The cellular radio network may be configured to serve
different types of devices, such as for example reduced capability (RedCap) devices,
which may be targeted for low cost, low energy consumption, and/or low data rate
applications, for example in industrial wireless sensor networks. Cells of the cellu-
lar radio network may be barred from access for various reasons. Before attempt-
ing to access the network, a UE may be configured to evaluate broadcast infor-
mation of the cell and determine whether a connection request to the cell is allowed

or not.

BRIEF DESCRIPTION

According to some aspects, there is provided the subject matter of the
independent claims. Some further aspects are defined in the dependent claims. The
embodiments that do not fall under the scope of the claims are to be interpreted as
examples useful for understanding the disclosure.

LIST OF THE DRAWINGS

In the following, the invention will be described in greater detail with
reference to the embodiments and the accompanying drawings, in which

Figure 1 presents a network to which one or more embodiments are
applicable;

Figures 2 and 3 show method, according to some embodiments;

Figures 4 and 5 show signaling flow diagrams, according to some em-
bodiments; and

Figure 6 illustrates apparatuses, according to some embodiments.

DESCRIPTION OF EMBODIMENTS

The following embodiments are exemplary. Although the specification

» o

may refer to “an”, “one”, or “some” embodiment(s) in several locations of the text,

this does not necessarily mean that each reference is made to the same
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embodiment(s), or that a particular feature only applies to a single embodiment.
Single features of different embodiments may also be combined to provide other
embodiments. Further, when a particular feature, structure, or characteristic is de-
scribed in connection of an embodiment, it is within the knowledge of one skilled
in the art to apply such feature, structure, or characteristic in connection with other
embodiments whether or not explicitly described. It shall be understood that alt-
hough the terms “first,” “second” and the like may be used herein to describe vari-
ous elements, these elements should not be limited by these terms. These terms
are only used to distinguish one element from another.

For the purposes of the present disclosure, the phrases “at least one of
A or B”, “at least one of A and B”, and “A and/or B” means (A), (B), or (A and B). For
the purposes of the present disclosure, the phrase “A, B, and/or C” means (A), (B),
(O), (Aand B), (Aand C), (B and C), or (A, B, and C).

Embodiments described may be implemented in a communication net-
work, such as any of the following radio access technologies (RATs): Worldwide
Interoperability for Micro-wave Access (WiMAX), Global System for Mobile com-
munications (GSM, 2G), GSM EDGE radio access Network (GERAN), General Packet
Radio Service (GRPS), Universal Mobile Telecommunication System (UMTS, 3G)
based on basic wideband-code division multiple access (W-CDMA), high-speed
packet access (HSPA), Long Term Evolution (LTE), LTE-Advanced, and enhanced
LTE (eLTE), 5G (also called NR), or any future RAT such as 6G. Moreover, commu-
nication within the communication network may utilize any proper wireless com-
munication technology, comprising but not limited to: Code Division Multiple Ac-
cess (CDMA), Frequency Division Multiple Access (FDMA), Time Division Multiple
Access (TDMA), Frequency Division Duplex (FDD), Time Division Duplex (TDD),
Multiple-Input Multiple-Output (MIMO), Orthogonal Frequency Division Multiple
(OFDM), and/or Discrete Fourier Transform spread OFDM (DFT-s-OFDM).

As used herein, the term “network device” or “network node” refers to
anode in a communication network via which user equipment may access the net-
work and/or which is capable of controlling radio communication and managing
radio resources within a cell. The network node or network device may be referred
to as a base station (BS), an access point (AP) or an access node. The network de-
vice may be, depending on the applied technology, for example, a node B (NodeB
or NB), an evolved NodeB (eNodeB or eNB), an NR NB (also referred to as a gNB),
a Remote Radio Unit (RRU), a radio head (RH), a remote radio head (RRH), a relay,

an Integrated Access and Backhaul (IAB) node, a low power node, a non-terrestrial
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network (NTN) or non-ground network device such as a satellite network device,
a low earth orbit (LEO) satellite and a geosynchronous earth orbit (GEO) satellite,
or an aircraft network device.

Moreover, in connection of split radio access network (RAN), the net-
work device may refer to a centralised unit (CU) of a base station and/or a distrib-
uted unit (DU) of a base station. An interface between CU and DU may be referred
to as an F1 interface in NR. In the split RAN architecture, node operations may be
carried out, at least partly, in the central/centralized unit, CU, (e.g. server, host or
node) operationally coupled to the DU, (e.g. a radio head/node). One CU may con-
trol one or more DUs, acting at least as transmit/receive (Tx/Rx) nodes. In some
embodiments, the DUs may comprise e.g. a radio link control (RLC), medium access
control (MAC) layer and a physical (PHY) layer, whereas the CU may comprise the
layers above RLC layer, such as a packet data convergence protocol (PDCP) layer, a
radio resource control (RRC) and an internet protocol (IP) layers. Other functional
splits are possible too. In practice, any processing task may be performed in either
the CU or the DU and the boundary where the responsibility is shifted between the
CU and the DU may depend on the applied implementation.

The term “terminal device” refers to any end device that may be capable
of wireless communication. By way of example, a terminal device may be referred
to as a communication device, user equipment (UE), a Subscriber Station (SS), or a
Mobile Station (MS). The terminal device may include a mobile phone, a cellular
phone, a smart phone, voice over IP (VoIP) phones, wireless local loop phones a
tablet, a wearable terminal device, a personal digital assistant (PDA), portable com-
puters, desktop computer, image capture terminal devices such as digital cameras,
gaming terminal devices, music storage and playback appliances, vehicle-mounted
wireless terminal devices, USB dongles, an Internet of Things (1oT) device, a watch
or other wearable, a head-mounted display (HMD), a vehicle, a drone, a medical
device and applications (e.g., remote surgery), an industrial device and applications
(e.g., a robot and/or other wireless devices operating in an industrial and/or an
automated processing chain contexts), a consumer electronics device, a device op-
erating on commercial and/or industrial wireless networks, and the like.

A term “resource”, as used herein, may refer to radio resources in time
domain, in frequency domain, in space domain, and/or in code domain. Some ex-
amples of resources include e.g. a physical resource block (PRB), a radio frame, a
subframe, a time slot, a subband, a frequency region, a sub-carrier, a beam, etc. The

term “transmission” and/or “reception” may refer to wirelessly transmitting
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and/or receiving via a wireless propagation channel on radio resources.

Figure 1 illustrates an example of a communication network to which
examples disclosed herein may be applied. The communication network or a cellu-
lar communication network may comprise a network node 110 providing one or
more cells, such as cell 100, and a network node 112 providing one or more other
cells, such as cell 102. Each cell may be, e.g., a macro cell, a micro cell, femto, or a
pico cell, for example. The cell may define a coverage area or a service area of the
corresponding access node.

The network node 110 may provide a user equipment (UE) 120 (one or
more UEs) with wireless access to the communication network. The wireless ac-
cess may comprise downlink (DL) communication from the network node to the
UE 120 and uplink (UL) communication from the UE 120 to the network node. Ex-
amples of uplink channels comprise physical uplink control channel (PUCCH) for
transmitting control information and physical uplink shared channel (PUSCH) for
transmitting data towards the network. Examples of downlink channels comprise
physical downlink control channel (PDCCH) for transmitting control information
and physical downlink shared channel (PDSCH) for transmitting data towards the
user equipment.

There may be a plurality of UEs 120, 122 in the system. Each of them
may be served by the same or by different control nodes 110, 112. The UEs 120,
122 may communicate with each other, in case device-to-device (D2D) communi-
cation interface is established between them via a so-called sidelink (SL). Such D2D
communications may be referred to as machine-to-machine, peer-to-peer (P2P)
communications, or vehicle-to-vehicle (V2V), for example.

In the case of multiple network nodes in the communication network,
the network nodes may be connected to each other via an interface. LTE specifica-
tions call such an interface as X2 interface. An interface between an LTE node and
a 5G node, or between two 5G nodes may be called Xn interface.

The network nodes 110 and 112 may be further connected via another
interface to a core network 116 of the communication network. The LTE specifica-
tions specify the core network as an evolved packet core (EPC), and the core net-
work may comprise e.g. a mobility management entity (MME) and a gateway node.
The MME may handle mobility of terminal devices in a tracking area encompassing
a plurality of cells and handle signalling connections between the terminal devices
and the core network. The gateway node may handle data routing in the core net-

work and to/from the terminal devices. The 5G specifications specify the core



10

15

20

25

30

35

WO 2025/162798 5 PCT/EP2025/051585

network as a 5G core (5GC). The 5G core may comprise e.g. an access and mobility
management function (AMF) and a user plane function/gateway (UPF) and other
functions. The AMF may handle termination of non-access stratum (NAS) signal-
ling, NAS ciphering & integrity protection, registration management, connection
management, mobility management, access authentication and authorization, se-
curity context management. The UPF node may support packet routing and for-
warding, packet inspection and quality of service (QoS) handling, for example.
Reduced capability (RedCap) UE types introduced by the 3GPP standard
enables reduced UE complexity through various UE complexity reduction tech-
niques including butnotlimited to reduction of maximum UE bandwidth, reduction
of number of Rx branches, reduction of maximum number of DL MIMO layers, re-
laxation of maximum modulation order and the addition of HD-FDD mode of oper-
ation.
Main motivation for the new Rel-17 RedCap and Rel-18 enhanced Red-
Cap (eRedCap) device types is to lower the device cost and complexity and some-
times also UE power consumption (as compared to high-end eMBB and URLLC de-
vices of Rel-15 and Rel-16) to address the mid-range use cases including but not
limited to industrial sensors, video surveillance and wearables. A target for sup-
ported peak data rate may be for example 10 Mbps. A RedCap device may be a cat-
egory of devices which have at least one reduced capability when compared to an-
other category of devices (e.g, non-RedCap devices).
Capabilities of devices belonging to the RedCap category or other cate-
gories may be for example defined in standards. As an example, a RedCap UE is a
UE with reduced capability, wherein the reduced capability may refer to one or
more of the following:
e The maximum bandwidth is 20 MHz for FR1, and is 100 MHz for
FR2. UE features and corresponding capabilities related to UE
bandwidths wider than 20 MHz in FR1 or wider than 100 MHz
in FR2 are not supported by RedCap UEs;
e The maximum mandatory supported DRB number is 8;
e The mandatory supported PDCP SN length is 12 bits while 18
bits being optional;
e The mandatory supported RLC AM SN length is 12 bits while 18
bits being optional;
e ForFR1, 1 DL MIMO layer if 1 Rx branch is supported, and 2 DL
MIMO layers if 2 Rx branches are supported; for FRZ, either 1 or
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2 DL MIMO layers can be supported, while 2 Rx branches are al-
ways supported. For FR1 and FR2, UE features and correspond-
ing capabilities related to more than 2 UE Rx branches or more
than 2 DL MIMO layers, as well as UE features and capabilities
related to more than 1 UE Tx branch or more than 1 UL MIMO
layer are not supported by RedCap UEs;

e CA, MR-DC, DAPS, CPAC and IAB (i.e,, the RedCap UE is not ex-
pected to act as IAB node) related UE features and correspond-
ing capabilities are not supported by RedCap UEs.

An enhanced RedCap UE (eRedCap UE) may be a UE with reduced peak
data rate and, with or without reduced baseband bandwidth in FR1, and that fulfils
one or more of the following:

¢ The maximum bandwidth is 20 MHz for FR1. UE features and
corresponding capabilities related to UE bandwidths wider than
20 MHz in FR1 are not supported by eRedCap UEs. eRedCap UEs
do not support operation in FR2 and in FR1 60kHz SCS.

e CA, MR-DC, DAPS, CPAC and IAB (i.e., the eRedCap UE is not ex-
pected to act as IAB node) related UE features and correspond-
ing capabilities are not supported by eRedCap UEs.

Support of various types of (e)RedCap UEs (which is used to refer to
either eRedCap UE or RedCap UE) in the mobile network requires additional func-
tionality on the network side, that may be or may not be available in the network
or in some parts of the network, i.e,, network support for (e)RedCap UEs may be
limited to some cells, base stations, frequencies or frequency bands. The reduction
in UE complexity comes at a price of the lower efficiency of air interface communi-
cation and/or reduced DL radio coverage. The need for additional network func-
tionalities and /or (e)RedCap UEs’ worse air interface performance (in comparison
to non-RedCap UEs) results in a need for (e)RedCap specific access and camping
restrictions. For example, access and camping of (e)RedCap UEs with 1 Rx branch
and 2 Rx branches can be allowed separately via system information. In addition,
(e)JRedCap UEs in Half-Duplex FDD mode can be allowed (i.e. access and camping
is allowed) via system information. A RedCap specific IFRI can be provided in SIB1,
and when absent, RedCap UEs access is not allowed. An eRedCap specific IFRI can
be provided in SIB1, and when absent, eRedCap UEs access is not allowed. Infor-
mation on which frequencies (e)RedCap UE access is allowed can be provided in

system information.
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One specific example of the above access and camping restriction set-
tings may include network optimization aimed at:

e directing (e)RedCap UEs with 1Rx branch and therefore charac-
terized by worse DL coverage (in comparison to UE with 2Rx
branches) to the cells on lower frequencies, where their worsen
DL coverage is to some extent compensated by the lower signal
pathloss.

e directing (e)RedCap UEs with 2Rx branches and therefore char-
acterized by better DL coverage (in comparison to UE with 1Rx
branch) to the cells on higher frequencies with the higher path-
loss.

These can be achieved by the configuration of following SIB1 parameter
settings by the network:

o for lower frequency cells: cellBarredRedCap1Rx=notBarred,
cellBarred-eRedCap1Rx=notBarred, cellBarredRed-
CapZRx=barred, cellBarred-eRedCapZ2Rx=barred

e for higher frequency cells: cellBarredRedCap1Rx=barred, cell-
Barred-eRedCap1Rx=barred, cellBarredRedCapZ2Rx=notBarred,
cellBarred-eRedCapZRx=notBarred.

The above use case is mentioned here merely to give a practical example
of the cell settings where the cell access is not barred for 1Rx (e)RedCap UEs and is
barred for 2Rx (e)RedCap UEs. The above use case is not intended to limit the
scope, i.e., any other combination of (e)RedCap barring parameter settings is also
possible.

The (e)RedCap UE support for 1Rx or 2Rx operation in FR1 is associated
with the number of supported DL MIMO layers:

e For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is sup-
ported.

e ForaRedCap UE with 2 Rx branches, 2 DL MIMO layers are sup-
ported.

Therefore, the UE support for 1Rx or ZRx operation in FR1 may be de-
termined based on the lack/absence of maxNumberMIMO-LayersPDSCH or pres-
ence of maxNumberMIMO-LayersPDSCH=twoLayers within UE radio access capa-
bilities. Since, the maxNumberMIMO-LayersPDSCH is of FSPC type, i.e. signaled per
feature set per component carrier (per CC per band per band combination), it is

possible that:
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e (e)RedCap UE supports 1Rx operation on some band(s) and 2Rx
on some other band(s), and/or

e (e)RedCap UE supports 1Rx and 2Rx operation on the same band
(UE signals two feature sets, one without maxNumberMIMO-
LayersPDSCH and the other with maxNumberMIMO-Lay-
ersPDSCH=twolayers, where both corresponds to the same
band), and/or

e (e)RedCap UE supports multiple SCSs for a given band, but only
for a subset of supported SCSs the UE supports 2Rx operation
while the UE supports 1Rx operation for the remaining SCSs.

e The UE supports all or a subset of frequency bands signaled in
the list of multiple frequency bands in SIB1 (frequencyBandList
in FrequencylnfoDL-SIB) and UE supports 1Rx operation on
some band(s) and 2Rx on some other band(s) from this subset.

Therefore, it is possible that UE supports both 1Rx and 2Rx operation
on same or different bands. It is also important to note, that since determination of
(e)JRedcap UE support for 1Rx and/or 2Rx operation may be based on the standard
UE radio access capabilities parameters, the proposed embodiments may be used
by (e)RedCap UE to determine whether the cell is barred or not barred (based on
UE’s own UE radio access capabilities) and/or and /or network/gNB to determine
whether to accept or reject the incoming handover request for a (eJRedCap UE
(based on UE radio capabilities provided in handover request signalling and the
target cell's (e)RedCap 1Rx and/or 2Rx support configuration.

It is noted that according to 3GPP standard specifications (e)RedCap
UEs with 1 Rx branch and 2 Rx branches can be allowed separately via system in-
formation, by use of e.g.

o cellBarred-eRedCap1Rx: Value barred means that the cell is
barred for an eRedCap UE with 1 Rx branch. This field is ignored
by non-eRedCap UEs.

o cellBarred-eRedCapZ2Rx: Value barred means that the cell is
barred for an eRedCap UE with 2 Rx branches. This field is ig-
nored by non-eRedCap UEs.

e cellBarredRedCap1Rx: Value barred means that the cell is barred
for a RedCap UE with 1 Rx branch. This field is ignored by non-
RedCap UEs.

e cellBarredRedCapZ2Rx: Value barred means that the cell is barred
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for a RedCap UE with 2 Rx branches. This field is ignored by non-
RedCap UEs.

According to the current specification a cell can be barred for the
(e)RedCap UE which is equipped with 1Rx branch or 2Rx branches. However, a UE
can supportboth 1Rx and 2Rx operation (i.e. dual support), where the support of
1Rx or 2Rx operation may be limited to certain frequency bands. Therefore, UE be-
haviour is not clear, because currently barring is determined based whether the UE
is equipped with 1Rx or 2Rx branches. For example, if 1Rx is not barred and 2Rx is
barred in the cell, UE supporting both 1Rx and 2Rx operation could either deter-
mine in such a case that the cell is always barred or never determine that the cell is
barred (regardless of how the UE supports the 1Rx / 2Rx operation in that partic-
ular cell). At the same time, it is not clear in the above cases whether the UE that
gained access to the cell had the right to do so and whether, after checking its radio
capacity by the network, its connection should not be terminated in the course of
cell barring enforcement procedures.

Based on above, solutions are needed for a problem where the UE sup-
ports both 1Rx and 2Rx operation, but the network allows access for 1Rx or 2Rx
but not for both. Furthermore, problems may also exist when there are differences
in the 1Rx and/or 2Rx support with respect to bands and/or SCSs. For example,
there may be problems when:

¢ (e)RedCap UE supports both 1Rx and 2Rx operation, but the sup-
port of 2Rx operation is limited to a subset of the frequency
bands from the set of frequency bands supported by the (e)Red-
Cap UE, and/or

e (e)RedCap UE supports both 1Rx and 2Rx operation, but the sup-
port of 2Rx operation is limited to a subset of SCSs from the set
of SCSs supported by the (e)RedCap UE for a given frequency
bands, and/or

e (e)RedCap UE supports both 1Rx and 2Rx operation for a given
frequency band, but not necessarily both for the SCS of the Initial
BWP for the downlink or of RedCap-specific initial downlink
BWP, if configured; and /or

o the cell carrier belongs to multiple frequency bands where one
or more of these frequency bands are supported by (e)JRedCap
UE, and the (e)RedCap UE supports 1Rx operation on some of the
bands and 2Rx on some other bands.
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Figure 2 depicts an example method. The method may be computer-im-
plemented. The method may be performed by a user equipment, such as UE 120 of
Figure 1, which may be a (e)RedCap UE.

As shown in Figure 2 step 200, the UE support at least one of a first re-
ception mode with only one receive (Rx) branch or a second reception mode with
at least two Rx branches. These are called 1Rx and 2ZRx modes or reception modes,
respectively. In an embodiment, the UE determines its capability of operating in at
least one or both of 1Rx and 2Rx modes in the current cell per UE supported fre-
quency band(s) and per UE supported SCS(s) on these band(s). The UE may then
further take into account one or more of the frequency band(s) of the cell, sub-car-
rier spacing (SCS) of the band(s) of the cell, and the SCS of an initial downlink band-
width part. Initial DL BWP configuration (possibly including the SCS) is a property
of the cell. It is indicated in SIB1 to the UEs and it is common to all UEs in the cell
or common to all RedCap UEs if it is RedCap-specific Initial DL BWP. Initial BWP is
common to all bands of the cell.

In an embodiment the UE supports both the first and the second recep-
tion modes, i.e. supports both 1Rx and 2Rx modes in the cell. The first reception
mode is supported by a user equipment with one Rx branch supporting reception
of one downlink MIMO layer, wherein the second reception mode is supported by
a user equipment with two Rx branches supporting reception of two downlink
MIMO layers.

In step 202, the UE receives, from a network node associated with a cel],
e.g. from the gNB 110 providing or controlling the cell 100, at least one of a first
barring indication associated with the first reception mode or a second barring in-
dication associated with the second reception mode. For example, the first barring
indication (also called 1Rx barring indication) may be cellBarredRedCap1Rx or
cellBarred-eRedCap1Rx, which are intended for UEs supporting 1Rx mode. For ex-
ample, the second barring indication (also called 2Rx barring indication) may be
cellBarredRedCap2Rx or cellBarred-eRedCapZ2Rx, which are intended for UEs sup-
porting 2Rx mode. Each barring indication indicates whether a UE supporting the
respective reception mode is allowed to access the cell. By accessing it is meant
whether the UE can camp on the cell (due to cell selection or re-selection), for ex-
ample. Furthermore, handover admittance in the target cell may utilize the same
algorithms based on UE capabilities and the target cell's configuration.

In one embodiment the UE receives both the first and the second bar-

ring indications. In one embodiment, the indications are opposite, i.e. the first
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barring indication indicates ‘barred’ while the second barring indication indicates
‘not barred’, or vice versa. It is noted that lack of barring indication may be inter-
preted as ‘not barred’.

In an embodiment, the barring indication(s) is/are received in system
information, such as SIB1. In an embodiment the first barring indication and/or the
second barring information is received or detected when the user equipment en-
ters the coverage area of the cell. However, itis noted that the barring indication(s)
can be received also at other time instants, e.g. when system information modifica-
tion is received.

In step 204, the UE determines whether a predetermined condition is
met. The determination is based on the supported at least one reception mode and
at least one of the first barring indication and the second barring indication. In step
206, the UE may determine that the cell is barred for the UE when the predeter-
mined condition is met. In such case, the UE may decide not to camp in the cell. In
other words, the UE may then refrain from cell selection or cell re-selection to this
cell, when the cell is determined to be barred. Alternatively, the UE may determine
that the cell is not barred for the UE when predetermined condition is not met.

Let us look at some exemplary embodiments in more details.

In an embodiment, the predetermined condition is met when the sec-
ond barring indication indicates that the cell is barred, regardless of the what the
first barring indication indicates. This may be valid for UEs supporting both recep-
tion modes on the same or on different frequency bands, or valid for UEs support-
ing only the second reception mode. In one example, the UE determines that the
cell is barred if cellBarred-RedCap2Rx indicates “barred” and the UE is RedCap UE
supporting 1Rx and 2Rx operation, regardless of the cellBarred-RedCap1Rx bar-
ring indication (i.e. if such indication is received, the UE would ignore the indica-
tion). In another example, the UE determines that the cell is barred if cellBarred-
eRedCapZRx indicates “barred” and the UE is eRedCap UE supporting 1Rx and 2Rx
operation, regardless of the cellBarred-eRedCap1Rx barring indication (i.e. if such
indication is received, the UE would ignore the indication).

By ‘regardless’ it is meant in the above examples that even if cellBarre-
dRedCap1Rx barring indication or cellBarred-eRedCap1Rx barring indication
would indicate the opposite than cellBarredRedCap2Rx barring indication or cell-
Barred-eRedCapZRx barring indication, the UE would follow what cellBarredRed-
Cap2Rx barring indication or cellBarred-eRedCapZRx barring indication indicates

and would ignore cellBarredRedCap1Rx barring indication or cellBarred-
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eRedCap1Rx barring indication.

In an embodiment, the predetermined condition is not met when the
second barring indication indicates that the cell is not barred, regardless of the
what the first barring indication indicates. This may be valid for UEs supporting
both reception modes on the same or on different frequency bands, or valid for UEs
supporting only the second reception mode. In one example, UE determines that
the cell is not barred if cellBarred-RedCapZRx indicates “notBarred” and the UE is
RedCap UE supporting 1Rx and 2Rx operation, regardless of the cellBarred-Red-
Cap1Rx barring indication in the absence of any other reasons causing the cell to
be considered barred. In another example, the UE determines that the cell is not
barred if cellBarred-eRedCap2Rx indicates “notBarred” and the UE is eRedCap UE
supporting 1Rx and 2Rx operation, regardless of the cellBarred-eRedCap1Rx bar-
ring indication in the absence of any other reasons causing the cell to be considered
barred.

In an embodiment, the predetermined condition is met when the first
barring indication indicates that the cell is barred, regardless of the what the sec-
ond barring indication indicates (i.e. if such indication is received, the UE would
ignore the indication). This may be valid for UEs supporting both reception modes
on the same or on different frequency bands, or valid for UEs supporting only the
first reception mode.

In an embodiment, the predetermined condition is not met when the
first barring indication indicates that the cell is not barred, regardless of the what
the second barring indication indicates (i.e. if such indication is received, the UE
would ignore the indication). This may be valid for UEs supporting both reception
modes on the same or on different frequency bands, or valid for UEs supporting
only the first reception mode.

In an embodiment, the barring indication(s) is/are cell-specific. In an
embodiment, the barring indication(s) is/are common to all frequency bands sup-
ported in the cell. In another embodiment, the barring indication(s) are frequency
band specific.

Itis possible that the cell provides or supports several frequency bands.
For example, a multiband cell is a cell that has one frequency channel, but this fre-
quency channel belongs to two or more frequency bands. In other words, there are
some frequency bands that partially overlap, and multiband cell has a frequency
channel that belongs to this overlapping area. The set of frequency bands sup-

ported by the cell’'s frequency channel/carrier may be provided in a list of
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frequency bands of the cell in system information, for example.

Each band may have its own barring indication(s), for example. Or, one
barring indication (e.g. barring indication for 1Rx UEs and/or barring indication
for 2ZRx UEs) may be valid for all the frequency bands included in the list of fre-
quency bands, or the first barring indication may be valid for a set of frequency
bands (but not all) and the second barring indication may be valid for another set
of frequency bands (but not all).

In an embodiment, the network determines a first set of at least one fre-
quency band and a second set of at least one frequency band. The network sends a
list indicating the first set of frequency band(s) to the UE. The 1Rx and/or 2Rx bar-
ring indication(s) provided from the network to the UE are then valid for the UE
only if the UE supports the corresponding 1Rx and/or 2Rx reception mode on at
least one of the frequency band(s) included in the list. If not valid for the UE, the
UE may ignore the barring indication(s) and e.g. consider the cell as ‘not barred’.
The barring indication(s) may or may not include an indication that these barring
indication(s) are valid only for the frequency bands included in the list. In this ex-
ample, the network would not include in the list all frequency bands supported by
the cell, but only those for which the barring indication(s) are valid. The network
could also transmit to the UE a second list comprising the second set of band(s).
There could be indication(s) that are valid for the frequency band(s) in this second
list. This embodiment might provide an efficient manner of e.g. barring 2ZRx UEs
from the first set of frequency band(s) while not barring 1Rx UEs from the first set
of frequency band(s), and barring 1Rx UEs from the second set of frequency
band(s) while not barring 2Rx UEs from the second set of frequency band(s).

In an embodiment, by using such frequency band (or set of frequency
bands) specific barring indications, it may be possible, e.g. to direct 1Rx UEs to a
lower frequency band of the cell and 2Rx users to a higher frequency band of the
cell, to give one exemplary use case.

In another embodiment, it is possible to bar e,g, UEs with only 1Rx re-
ception mode in one cell and direct those UEs to another cell.

Let us look at closer how the frequency band of the UE, and possibly
other radio characteristics of the frequency band, may be play a role in determining
whether the cell is barred for the UE or not.

In an embodiment, meeting the predetermined condition is further
based on the frequency band on which UE supports at least one of the first and

second reception modes. As an example, meeting the predetermined condition is
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further based on whether the frequency band (on which the UE supports at least
one of the reception modes) is included in the list of frequency bands received from
the gNB associated with the cell. In yetone example, if the user equipment supports
one of the first and second reception modes on the frequency band that is included
in the list of frequency bands, and the corresponding one of the first or the second
barring indication indicates that the cell is barred, the user equipment determines
that the cell is barred for that frequency band. If the UE supports both modes on
the frequency band included in the list, then in one embodiment the second barring
indication dictates whether the cell is barred or not. .

In an embodiment, meeting the at least one predetermined condition is
further based on whether the user equipment supports at least one of the first and
second reception modes on a frequency band with a subcarrier spacing (SCS) cor-
responding to a SCS of an initial downlink bandwidth part (DL BWP). The initial DL
BWP may be, in an embodiment, a (e)RedCap UE specific initial DL BWP, if such is
configured. For example, if the user equipment supports e.g. the first reception
mode on the frequency band with the SCS corresponding to the SCS of the initial DL
BWP and the first barring indication indicates the cell is barred, the user equipment
determines that the cell is barred for that frequency band. Similarly, if the user
equipment supports e.g. both or only the second reception mode on the frequency
band with the SCS corresponding to the SCS of the initial DL BWP and the second
barring indication indicates the cell is barred, the user equipment determines that
the cell is barred for that frequency band. Otherwise, the cell may be determined to
be not barred.

As one concrete example, the UE determines that the cell is barred if
cellBarred-RedCap1Rx indicates “barred” and the UE is RedCap UE supporting 1Rx
for at least one of the frequency bands included in the frequencyBandList with the
SCS of the initial downlink BWP or of the RedCap-specific initial downlink BWP (if
configured). This embodimentis valid for UEs supporting only 1Rx reception mode.

As another example, the UE determines that the cell is barred if cell-
Barred-eRedCap1Rx indicates “barred” and the UE is eRedCap UE supporting 1Rx
for at least one of the frequency bands included in the frequencyBandList with the
SCS of the initial downlink BWP or of the eRedCap-specific initial downlink BWP if
configured. This embodiment is valid for UEs supporting only 1Rx reception mode.

As another example, the UE determines that the cell is barred if cell-
Barred-RedCapZ2Rx indicates “barred” and the UE is RedCap UE supporting 2Rx for
at least one of the frequency bands included in the frequencyBandList with the SCS
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of the initial downlink BWP or of the RedCap-specific initial downlink BWP if con-
figured. This embodiment is valid for UEs supporting either only 2Rx reception
mode or both 1Rx and 2Rx reception modes.

As another example, the UE determines that the cell is barred if cell-
Barred-eRedCap2Rx indicates “barred” and the UE is eRedCap UE supporting 2Rx
for at least one of the frequency bands included in the frequencyBandList with the
SCS of the initial downlink BWP or of the eRedCap-specific initial downlink BWP if
configured. This embodiment is valid for UEs supporting either only 2Rx reception
mode or both 1Rx and 2Rx reception modes.

As one example use case, let us consider a UE that supports one fre-
quency band with 15kHz SCS and with 30 kHz SCS, and that this frequency band is
among the ones to which the carrier of the cell belongs to. Let us further consider
that the UE supports 1Rx reception mode for the 15kHz SCS on that band and has
dual support (both 1RX and 2Rx) for 30kHz SCS on that band. Then, let us assume
that the UE determines that the initial DL BWP is associated with 15kHz SCS (e.g.
based on SIB1). Accordingly, the UE can detect that the UE needs to follow the 1Rx
barring indication and can discard the ZRx barring indication. Had the initial DL
BWP been associated with 30kHz SCS, the UE could have determined that the UE
needs to follow the 2Rx barring indication and can discard the 1Rx barring indica-
tion. Similarly, if the UE would support two frequency bands with different recep-
tion mode supports on the bands, the UE would consider the frequency band to
which the cell’s carrier belongs to for selecting which one of the barring indications
to follow. Also, the UE may support multiple frequency bands and multiple SCSs in
one or more frequency bands. In other words, selecting which one of the first and
second barring indications to take into account, and disregarding the other, may be
based on at least one of the following: a subcarrier spacing of the initial downlink
bandwidth part of the cell, information about at least one frequency band to which
a carrier of the cell belongs to, or which atleast one of the firstand second reception
modes the user equipment supports on which at least one frequency band and for
which at least one subcarrier spacing. Thus, the embodiments help in ensuring
which barring indication the UE needs to follow in cases where the UE supports
several bands and/or SCSs with different reception mode supports. As will be ex-
plained below, the network also considers these in order to determine which bar-
ring indication the UE follows and in order to determine whether to deny UE’s ac-
cess to the cell (e.g. in connection of handover, for example).

Looking from the network node (e.g. gNB 110) point of view, Figure 3
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depicts an example method. The method may be computer-implemented. The
method may be performed by a network node, such as gNB 110 of Figure 1. As in
above examples, the UE may be a (e)RedCap UE.

As shown in Figure 3, in step 300, the gNB receives from the UE a capa-
bility indication indicating that the UE supports at least one of the first reception
mode or the second reception mode. This may be sent to the network as part of UE
capability information. The reception of UE capabilities by the network may hap-
pen during the previous connection (UE capabilities are stored on the network
side) or it may take place after the current radio connection is established.

In step 302, the gNB transmits, to the UE, at least one of the first barring
indication associated with the first reception mode or the second barring indica-
tion associated with the second reception mode.

In step 304, the gNB determines whether the predetermined condition
is met based on the supported at least one reception mode and at least one of the
first barring indication and the second barring indication. This determination by
the gNB follows the same procedures as explained from UE'’s point of view in above
examples. Then, in step 306, the gNB may determine that the cell is barred for the
user equipment when the predetermined condition is met, or determine that the
cell is notbarred for the UE when predetermined condition is not met. If the cell is
determined to be barred for the UE, the network may apply barring enforcement
procedures against the UE, e.g. release established radio connection with the UE
after determining that the cell status for a UE was barred at the time of cell access..

As one example, the network (e.g. the gNB 110) determines that the cell
was barred for the RedCap UE supporting 1Rx and 2Rx operation if, at the time the
UE accessed that cell, the cellBarred-RedCap2Rx was indicating “barred” regard-
less of the cellBarred-RedCap1Rx barring indication. This embodiment is valid for
UEs supporting both modes or for UEs supporting only 2Rx reception mode.

In one example, network determines that the cell was barred for the
eRedCap UE supporting 1Rx and 2Rx operation if, at the time the UE accessed that
cell, the cellBarred-eRedCapZRx was indicating “barred” regardless of the cell-
Barred-eRedCap1Rx barring indication. This embodiment is valid for UEs support-
ing both modes or for UEs supporting only 2Rx reception mode.

In one example, network determines that the cell was not barred for the
RedCap UE supporting 1Rx and 2Rx operation if, at the time the UE accessed that
cell, the cellBarred-RedCap2Rx was indicating “notBarred” regardless of the cell-

Barred-RedCap1Rx barring indication in the absence of any other reasons causing



10

15

20

25

30

35

WO 2025/162798 17 PCT/EP2025/051585

the cell to be considered barred. This embodiment is valid for UEs supporting both
modes or for UEs supporting only 2Rx reception mode.

In one example, network determines that the cell was not barred for the
eRedCap UE supporting 1Rx and 2Rx operation if, at the time the UE accessed that
cell, the cellBarred-eRedCap2Rx was indicating “notBarred” regardless of the cell-
Barred-eRedCap1Rx barring indication in the absence of any other reasons causing
the cell to be considered barred. This embodiment is valid for UEs supporting both
modes or for UEs supporting only 2Rx reception mode.

Above examples may also be applicable to UEs supporting only 1Rx
mode. In such case, the UE would follow the cellBarredRedCap1Rx barring indica-
tion or cellBarred-eRedCaplRx barring indication and ignore cellBarredRed-
Cap1Rx barring indication and cellBarred-eRedCap2Rx barring indication. In one
embodiment, the UE supporting both 1Rx and 2Rx operation would follow the 1Rx
barring indication and discard the 2Rx barring indication, if received.

The network may also consider the frequency band, and optionally
other characteristics of the frequency band, when determining whether to allow
the UE to access the cell.

In an example, the network node determines that the cell was barred
for the RedCap UE if, at the time the UE accessed that cell, cellBarred-RedCap1Rx
was indicating “barred” and the UE’s radio access capabilities (sent to the network)
indicate that the UE supports 1Rx for at least one of the frequency band(s) included
in the frequencyBandList for the SCS of the initial downlink BWP or of the RedCap-
specific initial downlink BWP, if configured, wherein the frequencyBandList is
broadcasted in SIB1 at the time of cell access. Otherwise, the gNB may consider that
the cell is not barred for the UE. This embodiment is valid for UEs supporting only
1Rx reception mode on the frequency band. The UE may disregard the 2Rx barring
indication (i.e. the barring indication associated with the 2Rx reception mode), if
received.

In one example, network node determines that the cell was barred for
the eRedCap UE if at the time the UE accessed that cell cellBarred-eRedCap1Rx was
indicating “barred” and the UE’s radio access capabilities indicate that the UE sup-
ports 1Rx for at least one of the frequency band(s) included in the frequen-
cyBandList for the SCS of the initial downlink BWP or of the eRedCap-specificinitial
downlink BWP if configured, wherein the frequencyBandList is broadcasted in
SIB1 at the time of cell access. Otherwise, the gNB may consider that the cell is not
barred for the UE. This embodiment is valid for UEs supporting only 1Rx reception
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mode on the frequency band. The UE may disregard the 2Rx barring indication (i.e.
the barring indication associated with the 2Rx reception mode), if received.

In one example, network node determines that the cell was barred for
the RedCap UE if at the time the UE accessed that cell cellBarred-RedCap2Rx was
indicating “barred” and the UE’s radio access capabilities indicate that the UE sup-
ports 2Rx for at least one of the frequency band(s) included in the frequen-
cyBandList for the SCS of the initial downlink BWP or of RedCap-specific initial
downlink BWP if configured, wherein the frequencyBandList is broadcasted in
SIB1 at the time of cell access. Otherwise, the gNB may consider that the cell is not
barred for the UE. This embodiment is valid for UEs supporting both modes or for
UEs supporting only 2Rx reception mode on the frequency band. The UE may dis-
regard the 1Rx barring indication (i.e. the barring indication associated with the
1Rx reception mode), if received.

In one example, network node determines that the cell was barred for
the eRedCap UE if at the time the UE accessed that cell cellBarred-eRedCapZ2Rx was
indicating “barred” and the UE’s radio access capabilities indicate that the UE sup-
ports 2Rx for at least one of the frequency band(s) included in the frequen-
cyBandList for the SCS of the initial downlink BWP or of eRedCap-specific initial
downlink BWP if configured, wherein the frequencyBandList is broadcasted in
SIB1 at the time of cell access. Otherwise, the gNB may consider that the cell is not
barred for the UE. This embodiment is valid for UEs supporting both modes or for
UEs supporting only 2x reception mode on the frequency band. The UE may disre-
gard the 1Rx barring indication (i.e. the barring indication associated with the 1Rx
reception mode), if received.

Figure 4 shows a signaling flow diagram depicting some example em-
bodiments.

In step 400 the UE 120 transmits the capability information to the gNB
110 providing cell 100, wherein the capability information indicates which of the
1Rx and 2Rx reception modes the UE supports. This UE capability signalling may
be implemented as part of RRC signaling and it enables the UE to inform the net-
work about its capabilities to the network. The UE may transmit the UE capability
information in response to a UE capability enquiry received from access node (not
illustrated in FIG. 4). UE capability information may comprise various parameters,
for example associated with communication capabilities of the UE.

An example of such a parameter is the maximum number of downlink

MIMO (multiple input multiple output) layers, which may indicate the maximum
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number of downlink MIMO layers configured at the UE or supported by the UE in
Cell 100, for example for the PDSCH. The UE may be for example configured to in-
dicate the number of maximum number of downlink MIMO layers by a value of a
respective parameter (e.g., maxNumberMIMO-LayersPDSCH), or absence of this
parameter, in the UE capability information. The maximum number of downlink
MIMO layers may be dependent on the frequency band of Cell 100. For example,
the UE might be configured with a 1 Rx branch for a first frequency band and 2 Rx
branches for a second frequency band. The UE may be configured to determine the
maximum number of downlink MIMO layers based on the frequency band of Cell
100. The UE may be for example preconfigured with information about the number
of Rx branches supported at different frequency bands. The UE may determine the
frequency band, or the maximum number of downlink MIMO layers or the number
of supported Rx branches directly, based on the frequency of Cell 100.

In step 402, the UE may receive system information from the gNB 110.
The system information may comprise various parameters and configurations for
enabling the UE to communicate with the network. The system information may
comprise information associate with cell and/or other cell(s). The system infor-
mation may comprise a master information block (MIB) and one or more system
information blocks (SIB), such as for example SIB1, SIB2, SIB3, SIB4, etc., which
may be also referred to as SIB messages. The MIB and SIB1 may be configured to
carry information for enabling initial access at cell 100 and receiving other SIBs.
The UE may be configured to decode the MIB and SIB1 in order to camp on the Cell
100.

SIB1 may comprise one or more of the following: cell selection infor-
mation, barring information, (e)RedCap device configuration, a frequency band list,
PLMN list, cell identifier of the cell, a tracking area code, a RAN area code, a cell
reserved flag, connection establishment failure control information, system infor-
mation scheduling information, serving cell’s common uplink and downlink config-
uration (e.g., for random access channel or paging), supplementary uplink configu-
ration, synchronization signal block (SSB) scheduling information, cell-specific
time domain duplex (TDD) UL/DL configuration, IMS (internet protocol multime-
dia subsystem) emergency bearer support flag of the cell, emergency call over IMS
support flag, timer(s) and constant(s) for the UE, or access control information.

The barring information may comprise an indication of the barring sta-
tus of the cell, e.g, an indication of whether the cell is barred for UEs having partic-

ular capability or capabilities, for example the capability of supporting 1 Rx branch
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operation or the capability of supporting 2 Rx branch operation. The barring status
may be therefore associated with at least one capability of a UE. In an embodiment,
the indication of the barring status may be associated with a specific frequency
band to which the carrier of the cell belongs to. In an embodiment, the indication
of the barring status may be associated with all frequency bands to which the car-
rier of the cell belongs to. Even though in this example the barring status is in-
cluded in SIB1, UE may, in general, receive the barring status in any suitable control
signal or message, examples of which include any SIB messages.

In case the indication of barring status is directed to (e)RedCap UEs,
such indication(s) may be provided for example by parameters cellBarredRed-
Cap1Rx, cellBarredRedCap2Rx, cellBarred-eRedCap1Rx, or cellBarred-eRed-
CapZ2Rx. Directing the indication of the barring status to a category of devices may
comprise configuring the indication such that it is applicable to that category of
devices, for example applicable to (e)RedCap UEs but not applicable to non-(e)Red-
Cap UEs. Non-(e)RedCap UEs may therefore ignore the indication of the barring
status. It is however noted that example embodiments of the present disclosure
may be also applied to UE capabilities of any type of UE, e.g., regardless of whether
they belong to a category of reduced capability devices or not.

Itis noted that although one cell 100 is depicted in Figure 4, the UE may
receive system information from multiple cells.

In step 410, the UE may then, as explained earlier with several exam-
ples, determine whether the cell is barred for the UE based on the UE capabilities
regarding 1Rx and/or 2Rx reception modes and barring indication(s). In step 412,
the UE may then decide to select/re-select/connect to the cell if the cell is deter-
mined as ‘not barred’, or refrain from accessing/camping on the cell if the cell is
determined to be ‘barred’.

Optionally, the UE may in step 404 determine the frequency band(s) of
the cell (e.g. from frequencyBandList) and determine the UE capabilities on
that/those band(s) with respect to the reception modes in step 406, and take those
determinations into account when making the barring determination in step 410,
as explained above with several examples.

As a further optional feature, the UE may in step 408 determine the SCS
of the initial DL BWP, or of the (e)RedCap UE specific initial DL. BWP, if configured.
The UE may further determine which frequency band(s) it supports, and which
SCS(s) are supported on that/these frequency band(s). And the UE may further de-

termine which reception modes the UE supports on that/these frequency band(s).
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Then, the UE can take these determinations into account when making the barring
determination in step 410, as explained above with several examples.

Figure 5 shows another signaling flow diagram. Steps 400 and 402 of
Figure 5 corresponds to steps 400 and 402 of Figure 4.

In step 500, the UE performs an access request to the network, possibly
in a form of random access procedure. In step 510, the gNB may then, as explained
earlier with several examples, determine whether the cell is barred for the UE
based on the UE capabilities regarding 1Rx and/or 2Rx reception modes and bar-
ring indication(s). In step 512, the gNB may then deny or allow UE’s access to the
cell based on whether the cell is determined to be ‘barred’ or ‘not barred’ for the
UE. Such denying or allowing can take place in connection of handover or random
access, for example.

Optionally, the network may in step 504 determine the frequency
band(s) of the cell’s carrier and determine the UE capabilities on that/those
band(s) with respect to the reception modes in step 506 (derivable from the UE
capability indication of step 400), and take those determinations into account
when making the barring determination in step 510, as explained above with sev-
eral examples.

As a further optional feature, the gNB may in step 508 determine the
SCS of the initial BWP or (e)RedCap-specific Initial DL BWP, if configured, of the
cell and determine whether the UE supports this SCS on the frequency band (de-
rivable from the UE capability indication of step 400), and take that determination
into account when making the barring determination in step 510, as explained
above with several examples.

In this way, the UE and/or network may determine the cell barring sta-
tus based on at least one of the following:

e UE's support of 1Rx and/or 2Rx operation for a given frequency
band and SCS combination in the UE radio access capabilities
(possibly indicated by absence of maxNumberMIMO-Lay-
ersPDSCH or presence of  maxNumberMIMO-Lay-
ersPDSCH=twolayers respectively for a given frequency band
and SCS combination),

e UE’s support for the bands signaled in the list of multiple fre-
quency bands (frequencyBandList in FrequencylnfoDL-SIB in
SIB1),

e Subcarrier Spacing (SCS) of the initial BWP for the downlink or
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the RedCap-specific initial downlink BWP, if configured, as sig-
naled in SIB1,

e cell barring indications (cellBarred-eRedCap1Rx, cellBarred-
eRedCap2Rx, cellBarredRedCap1Rx, cellBarredRedCapZ2Rx, as
signaled in SIB1).

Some benefits of the embodiments is ensuring deterministic UE behav-
iour. For example, a UE supporting 1Rx and 2Rx is able to camp and access the cell
when 1Rx is barred and 2Rx is not barred, or a UE supporting 1Rx and 2Rx is not
able to camp and access the cell when 1Rx is not barred and 2Rx is barred. Further,
UE capabilities not relevant for the cell configuration are not taken into account
during cell barring determination for (e)RedCap UEs and thus cannot block access
to the cell.

A standard implementation of some of the proposed embodiments may
be in TS 38.331. In ‘cellBarred-eRedCap1Rx’, a value barred means that the cell is
barred for an eRedCap UE with 1 Rx branch, as defined in TS 38.304. This field is ignored
by non-eRedCap UEs. This field is ignored by eRedCap UE supporting 2 Rx operation. In
‘cellBarred-eRedCap2Rx’, a value barred means that the cell is barred for an eRedCap
UE with 2 Rx branches, as defined in TS 38.304. This field is ignored by non-eRedCap
UEs. In ‘cellBarredRedCap1Rx’, value barred means that the cell is barred for a RedCap
UE with 1 Rx branch, as defined in TS 38.304. This field is ignored by non-RedCap UEs.
This field is ignored by RedCap UE supporting 2 Rx operation. In ‘cellBarredRedCap2Rx’,
a value barred means that the cell is barred for a RedCap UE with 2 Rx branches, as
defined in TS 38.304. This field is ignored by non-RedCap UEs. The standard implemen-
tation may be as follows:

1> if the UE is a RedCap UE and it is in RRC_IDLE or in RRC_INACTIVE, or if the Red-
Cap UE is in RRC_CONNECTED while 7311 is running:
2> if intraFreqReselectionRedCap is not present in SIB1:
3> consider the cell as barred in accordance with TS 38.304;

3> perform barring as if intraFreqReselectionRedCap is set to allowed, upon
which the procedure ends;

2> else:

3> if the cellBarredRedCap1Rx is present in the acquired S/B1 and is set to
barred and the UE supports operation with 1 Rx branch; or
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3> if the cellBarredRedCap2Rx is present in the acquired S/B1 and is set to
barred and the UE supports operation with 2 Rx branches; or

3> if the halfDuplexRedCapAllowed is not present in the acquired S/B1 and
the UE supports only half-duplex FDD operation:

4> consider the cell as barred in accordance with TS 38.304;

4> perform barring based on intraFreqReselectionRedCap as specified in
TS 38.304, upon which the procedure ends;

[...]

1> if the UE is an eRedCap UE and it is in RRC_IDLE or in RRC_INACTIVE, or if the
eRedCap UE is in RRC_CONNECTED while T311 is running:

2> if intraFreqReselection-eRedCap is not present in S/B1:
3> consider the cell as barred in accordance with TS 38.304;

3> perform barring as if intraFreqReselection-eRedCap is set to allowed upon
which the procedure ends;

2> else:

3> if the cellBarred-eRedCap1Rx is present in the acquired S/B1 and is set to
barred and the UE supports operation with 1 Rx branch; or

3> if the cellBarred-eRedCap2Rx is present in the acquired S/B1 and is set to
barred and the UE supports operation with 2 Rx branches; or

3> if the halfDuplexRedCapAllowed is not present in the acquired S/B1 and
the UE supports only half-duplex FDD operation:

4> consider the cell as barred in accordance with TS 38.304;

4> perform barring based on intrafreqReselection-eRedCap as specified in

TS 38.304 upon which the procedure ends.

A standard implementation of some of the proposed embodiments may
be in TS 38.331. In ‘cellBarred-eRedCap1Rx’, a value barred means that the cell is
barred for an eRedCap UE with 1 Rx branch, as defined in TS 38.304. This field is
ignored by non-eRedCap UEs. This field is ignored by eRedCap UE supporting 2 Rx
operation for any of the frequency bands included in the frequencyBandList for the
SCS of the initial downlink BWP or, RedCap-specific initial downlink BWP if config-
ured. In ‘cellBarred-eRedCap2Rx’, a value barred means that the cell is barred for
an eRedCap UE with 2 Rx branches, as defined in TS 38.304. This field is ignored by
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non-eRedCap UEs. In ‘cellBarredRedCap1Rx’, value barred means that the cell is
barred for a RedCap UE with 1 Rx branch, as defined in TS 38.304. This field is ig-
nored by non-RedCap UEs. This field is ignored by RedCap UE supporting 2 Rx op-
eration for any of the frequency bands included in the frequencyBandList for the
SCS of the initial downlink BWP or, RedCap-specific initial downlink BWP if config-
ured. In ‘cellBarredRedCap2Rx’, a value barred means that the cell is barred for a
RedCap UE with 2 Rx branches, as defined in TS 38.304. This field is ignored by

non-RedCap UEs. The standard implementation may be as follows:
1> if the UE is a RedCap UE and it is in RRC_IDLE or in RRC_INACTIVE, or if the Red-
Cap UE is in RRC_CONNECTED while 7311 is running:

2> if intraFreqReselectionRedCap is not present in SIB1:
3> consider the cell as barred in accordance with TS 38.304;

3> perform barring as if intraFreqReselectionRedCap is set to allowed, upon
which the procedure ends;

2> else:

3> if the cellBarredRedCaplRx is present in the acquired S/B1 and is set to
barred and the UE supports operation with 1 Rx branch for any of the fre-
guency bands included in the frequencyBandList for the SCS of the initial
downlink BWP or, RedCap-specific initial downlink BWP if configured; or

3> if the cellBarredRedCap2Rx is present in the acquired S/B1 and is set to
barred and the UE supports operation with 2 Rx branches for any of the
frequency bands included in the frequencyBandList for the SCS of the ini-
tial downlink BWP or, RedCap-specific initial downlink BWP if configured;
or

3> if the halfDuplexRedCapAllowed is not present in the acquired S/B1 and
the UE supports only half-duplex FDD operation:

4> consider the cell as barred in accordance with TS 38.304;

4> perform barring based on intraFreqReselectionRedCap as specified in
TS 38.304, upon which the procedure ends;

[...]

1> if the UE is an eRedCap UE and it is in RRC_IDLE or in RRC_INACTIVE, or if the
eRedCap UE is in RRC_CONNECTED while T311 is running:

2> if intraFreqReselection-eRedCap is not present in S/B1:

3> consider the cell as barred in accordance with TS 38.304;
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3> perform barring as if intraFreqReselection-eRedCap is set to allowed upon
which the procedure ends;

2> else:

3> if the cellBarred-eRedCap1Rx is present in the acquired S/B1 and is set to
barred and the UE supports operation with 1 Rx branch for any of the fre-
quency bands included in the frequencyBandList for the SCS of the initial
downlink BWP or, eRedCap-specific initial downlink BWP if configured; or

3> if the cellBarred-eRedCap2Rx is present in the acquired S/B1 and is set to
barred and the UE supports operation with 2 Rx branches for any of the
frequency bands included in the frequencyBandList for the SCS of the ini-
tial downlink BWP or, eRedCap-specific initial downlink BWP if configured;
or

3> if the halfDuplexRedCapAllowed is not present in the acquired S/B1 and
the UE supports only half-duplex FDD operation:

4> consider the cell as barred in accordance with TS 38.304;

4> perform barring based on intraFreqReselection-eRedCap as specified in
TS 38.304 upon which the procedure ends.

An embodiment, as shown in Figure 6, provides an apparatus 10 com-
prising a control circuitry (CTRL) 12, such as at least one processor, and at least
one memory 14 storing instructions that, when executed by the at least one pro-
cessor, cause the apparatus at least to carry out any one of the above-described
processes. In an example, the at least one memory and the computer program code
(software), are configured, with the at least one processor, to cause the apparatus
to carry out any one of the above-described processes. The control circuitry 12 may
comprise relevant circuitry/ies for performing the functions, according to any of
the embodiments.

The memory may be implemented using any suitable data storage tech-
nology, such as semiconductor-based memory devices, flash memory, magnetic
memory devices and systems, optical memory devices and systems, fixed memory
and removable memory. The memory may comprise a database for storing data.

In an embodiment, the apparatus 10 is or is comprised in a UE, such as
the UE 120. The apparatus may be caused to execute some of the functionalities of
the above described processes, such as the steps of Figure 2, for example.

In another embodiment, the apparatus 10 is or is comprised in a net-
work node, such as the gNB 110. The apparatus may be caused to execute some of

the functionalities of the above described processes, such as the steps of Figure 3,
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for example.

The apparatus may further comprise a radio interface (TRX) 16 com-
prising hardware and/or software for realizing communication connectivity ac-
cording to one or more communication protocols. The TRX may provide the appa-
ratus with communication capabilities to a user equipment and/or to other entities
of the base station, for example.

The apparatus may also comprise a user interface 18 comprising, for
example, at least one keypad, a microphone, a touch display, a display, a speaker,
etc. The user interface may be used to control the apparatus by the user. UE

In an embodiment, an apparatus carrying out at least some of the em-
bodiments described comprises at least one processor and at least one memory
including a computer program code, wherein the at least one memory and the com-
puter program code are configured, with the at least one processor, to cause the
apparatus to carry out the functionalities according to any one of the embodiments
described. According to an aspect, when the at least one processor executes the
computer program code, the computer program code causes the apparatus to carry
out the functionalities according to any one of the embodiments described. Accord-
ing to another embodiment, the apparatus carrying out at least some of the embod-
iments comprises the at least one processor and at least one memory including a
computer program code, wherein the at least one processor and the computer pro-
gram code perform at least some of the functionalities according to any one of the
embodiments described. Accordingly, the at least one processor, the memory, and
the computer program code form means for carrying out at least some of the em-
bodiments described. According to yet another embodiment, the apparatus carry-
ing out at least some of the embodiments comprises a circuitry including at least
one processor and at least one memory including computer program code. When
activated, the circuitry causes the apparatus to perform the at least some of the
functionalities according to any one of the embodiments described.

As used in this application, the term ‘circuitry’ refers to all of the follow-
ing: (a) hardware-only circuit implementations, such as implementations in only
analog and/or digital circuitry, and (b) combinations of circuits and soft-ware
(and/or firmware), such as (as applicable): (i) a combination of processor(s) or (ii)
portions of processor(s)/software including digital signal processor(s), software,
and memory(ies) that work together to cause an apparatus to perform various
functions, and (c) circuits, such as a microprocessor(s) or a portion of a micropro-

cessor(s), that require software or firmware for operation, even if the software or
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firmware is not physically present. This definition of ‘circuitry’ applies to all uses
of this term in this application. As a further example, as used in this application, the
term ‘circuitry’ would also cover an implementation of merely a processor (or mul-
tiple processors) or a portion of a processor and its (or their) accompanying soft-
ware and/or firmware. The term ‘circuitry’ would also cover, for example and if
applicable to the particular element, a baseband integrated circuit or applications
processor integrated circuit for a mobile phone or a similar integrated circuit in a
server, a cellular network device, or another network device.

In an embodiment, at least some of the processes described may be car-
ried out by an apparatus comprising corresponding means for carrying out at least
some of the described processes. Some example means for carrying out the pro-
cesses may include at least one of the following: detector, processor (including
dual-core and multiple-core processors), digital signal processor, controller, re-
ceiver, transmitter, encoder, decoder, memory, RAM, ROM, software, firmware, dis-
play, user interface, display circuitry, user interface circuitry, user interface soft-
ware, display software, circuit, antenna, antenna circuitry, and circuitry.

A term non-transitory, as used herein, is a limitation of the medium it-
self (i.e. tangible, not a signal) as opposed to a limitation on data storage persis-
tency (e.g. RAM vs. ROM).

As used herein the term “means” is to be construed in singular form, i.e.
referring to a single element, or in plural form, i.e. referring to a combination of
single elements. Therefore, terminology “means for [performing A, B, C]”, is to be
interpreted to cover an apparatus in which there is only one means for performing
A, Band C, or where there are separate means for performing A, B and C, or partially
or fully overlapping means for performing A, B, C. Further, terminology “means for
performing A, means for performing B, means for performing C” is to be interpreted
to cover an apparatus in which there is only one means for performing A, B and C,
or where there are separate means for performing A, B and C, or partially or fully
overlapping means for performing A, B, C.

The techniques and methods described herein may be implemented by
various means. For example, these techniques may be implemented in hardware
(one or more devices), firmware (one or more devices), software (one or more
modules), or combinations thereof. For a hardware implementation, the appa-
ratus(es) of embodiments may be implemented within one or more application-
specific integrated circuits (ASICs), digital signal processors (DSPs), digital signal
processing devices (DSPDs), programmable logic devices (PLDs), field
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programmable gate arrays (FPGAs), processors, controllers, micro-controllers, mi-
croprocessors, other electronic units designed to perform the functions described
herein, or a combination thereof. For firmware or software, the implementation
can be carried out through modules of at least one chip set (e.g. procedures, func-
tions, and so on) that perform the functions described herein. The software codes
may be stored in a memory unit and executed by processors. The memory unit may
be implemented within the processor or externally to the processor. In the latter
case, it can be communicatively coupled to the processor via various means, as is
known in the art. Additionally, the components of the systems described herein
may be rearranged and/or complemented by additional components in order to
facilitate the achievements of the various aspects, etc, described with regard
thereto, and they are not limited to the precise configurations set forth in the given
figures, as will be appreciated by one skilled in the art.

Embodiments as described may also be carried out in the form of a com-
puter process defined by a computer program or portions thereof. Embodiments
of the methods described may be carried out by executing at least one portion of a
computer program comprising corresponding instructions. The computer program
may be in source code form, object code form, or in some intermediate form, and it
may be stored in some sort of carrier, which may be any entity or device capable of
carrying the program. For example, the computer program may be stored on a com-
puter program distribution medium readable by a computer or a processor. The
computer program medium may be, for example but not limited to, a record me-
dium, computer memory, read-only memory, electrical carrier signal, telecommu-
nications signal, and software distribution package, for example. The computer
program medium may be a non-transitory medium. Coding of software for carrying
out the embodiments as shown and described is well within the scope of a person
of ordinary skill in the art.

Even though the invention has been described above with reference to
an example according to the accompanying drawings, it is clear that the invention
is notrestricted thereto but can be modified in several ways within the scope of the
appended claims. Therefore, all words and expressions should be interpreted
broadly and they are intended to illustrate, not to restrict, the embodiment. It will
be obvious to a person skilled in the art that, as technology advances, the inventive
concept can be implemented in various ways. Further, it is clear to a person skilled
in the art that the described embodiments may, but are not required to, be com-

bined with other embodiments in various ways.
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CLAIMS

1. A user equipment, comprising:
atleast one processor; and
atleast one memory storing instructions that, when executed by the at
least one processor, cause the user equipment, at least to:
support a first reception mode with only one receive (Rx) branch and a
second reception mode with at least two Rx branches;
detect, from a network node associated with a cell, a first barring indi-
cation associated with the first reception mode and a second barring indication as-
sociated with the second reception mode, wherein the first barring indication indi-
cates that the cell is barred and the second barring indication indicates that the cell
is not barred, or vice versa; and
determine whether or not the cell is barred for the user equipment
based on the supported at least one reception mode on a frequency band and at
least one of the first barring indication and the second barring indication, wherein
e when the first barring indication indicates that the cell is not
barred and the user equipment supports the first reception
mode on the frequency band, the cell is determined to be not
barred and the second barring indication is ignored, or
o when the second barring indication indicates that the cell is not
barred and the user equipment supports the second reception
mode on the frequency band, the cell is determined to be not
barred and the first barring indication is ignored.

2.The user equipment of claim 1, wherein the user equipment is further
caused to:
refrain from cell selection or cell re-selection when the cell is deter-

mined to be barred.

3. The user equipment of any of claims 1 to 2, wherein the user equip-
ment is further caused to:
transmit to the network node a capability indication indicating that the

user equipment supports the first reception mode and the second reception mode.

4. The user equipment of any of claims 1 to 3, wherein the user equip-

ment is further caused to:
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receive, from the network node, a list of at least one frequency band to

which a carrier of the cell belongs to.

5. The user equipment of any of claims 1 to 4, wherein the user equip-
ment supports the first reception mode on a first frequency band but not on a sec-
ond frequency band, and the user equipment supports the second reception mode
on the second frequency band but not on the first frequency band.

6. The user equipment of any of claims 1 to 4, wherein the user equip-

ment supports both modes on a same frequency band.

7. The user equipment of any of claims 1 to 6, wherein, if the user equip-
ment supports the first reception mode or the second reception mode or both on a
frequency band that is included in a list of at least one frequency band received
from the network, and the corresponding one of the first barring indication or the
second barring indication indicates the cell is not barred, the user equipment de-

termines that the cell is not barred for that frequency band.

8. The user equipment of any of claims 1 to 7, wherein determining
whether or not the cell is barred is further based on whether the user equipment
supports at least one of the first reception mode or the second reception mode on
the frequency band with a subcarrier spacing corresponding to a subcarrier spac-
ing of an initial downlink bandwidth part, wherein, if the user equipment supports
the first reception mode or the second reception mode on the frequency band with
the subcarrier spacing corresponding to the subcarrier spacing of the initial down-
link bandwidth part and the corresponding one of the first or the second barring
indication indicates the cell is not barred, the user equipment determines that the

cell is not barred for that frequency band.

9. The user equipment of any of claims 1 to 8, wherein the user equip-
ment is further caused to:

selecting which one of the first and second barring indications to take
into account, and disregarding the other, for determining whether the cell is barred
or not, wherein the selecting is based on at least one of the following: subcarrier
spacing of the initial downlink bandwidth part of the cell, information about atleast

one frequency band to which a carrier of the cell belongs to, or on which at least
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one frequency band and for which at least one subcarrier spacing the user equip-
ment supports the first reception mode, or on which at least one frequency band
and for which at least one subcarrier spacing the user equipment supports the sec-
ond reception mode.

10. The user equipment of any of claims 1 to 9, wherein the first and
second barring indications are cell specific and common to all frequency bands of
the cell.

11. The user equipment of any of claims 1 to 9, wherein the first and

second barring indications are frequency band specific.

12. The user equipment of any of claims 1 to 11, wherein the user equip-
ment is a reduced capability user equipment or an enhanced reduced capability

user equipment.

13. A network node, comprising:

atleast one processor; and

at least one memory storing instructions that, when executed by the at
least one processor, cause the network node associated with a cell, at least to:

receive from a user equipment a capability indication indicating that the
user equipment supports a first reception mode with only one receive (Rx) branch
and a second reception mode with at least two Rx branches;

transmit, to the user equipment, a first barring indication associated
with the first reception mode and a second barring indication associated with the
second reception mode, wherein the first barring indication indicates that the cell
is barred and the second barring indication indicates that the cell is not barred, or
vice versa; and

determine whether or not the cell is barred for the user equipment
based on the supported reception modes on a frequency band and at least one of
the first barring indication and the second barring indication, wherein:

e when, at the time the user equipment accessed that cell, the first
barring indication indicated that the cell is not barred and the
user equipment supports the first reception mode on the fre-
quency band, the cell is determined to be not barred and the sec-

ond barring indication is ignored, or
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e when, at the time the user equipment accessed that cell, the sec-
ond barring indication indicated that the cell is not barred and
the user equipment supports the second reception mode on the
frequency band, the cell is determined to be not barred and the
first barring indication is ignored.

14. A method performed by a user equipment, the method comprising:
supporting a firstreception mode with only one receive (Rx) branch and
a second reception mode with at least two Rx branches;
detecting, from a network node associated with a cell, a first barring in-
dication associated with the first reception mode and a second barring indication
associated with the second reception mode, wherein the first barring indication in-
dicates that the cell is barred and the second barring indication indicates that the
cell is not barred or vice versa; and
determining whether or not the cell is barred for the user equipment
based on the supported reception modes on a frequency band and at least one of
the first barring indication and the second barring indication, wherein
e when the first barring indication indicates that the cell is not
barred and the user equipment supports the first reception
mode on the frequency band, the cell is determined to be not
barred and the second barring indication is ignored, or
¢ when the second barring indication indicates that the cell is not
barred and the user equipment supports the second reception
mode on the frequency band, the cell is determined to be not

barred and the first barring indication is ignored.

15. A method performed by a network node, the method comprising:

receiving from a user equipment a capability indication indicating that
the user equipment supports a first reception mode with only one receive (Rx)
branch and a second reception mode with at least two Rx branches;

transmitting, to the user equipment, a first barring indication associated
with the first reception mode and a second barring indication associated with the
second reception mode, wherein the first barring indication indicates that the cell
is barred and the second barring indication indicates that the cell is not barred, or
vice versa; and

determining whether or not the cell is barred for the user equipment
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based on the supported reception modes on a frequency band and at least one of

the first barring indication and the second barring indication, wherein:
e when, at the time the user equipment accessed that cell, the first
barring indication indicated that the cell is not barred and the
5 user equipment supports the first reception mode on the fre-
quency band, the cell is determined to be not barred and the sec-

ond barring indication is ignored, or

e when, at the time the user equipment accessed that cell, the sec-
ond barring indication indicated that the cell is not barred and
10 the user equipment supports the second reception mode on the
frequency band, the cell is determined to be not barred and the

first barring indication is ignored.

16. A computer program product embodied on a distribution medium
15  readable by a computer and comprising program instructions which, when the pro-
gram is executed by an apparatus, cause the apparatus to carry out the method ac-

cording to any of claims 14 to 15.

17. A computer program product comprising program instructions
20  which, when the program is executed by an apparatus, cause the apparatus to carry
out the method according to any of claims 14 to 15.



