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Description
INTRODUCTION

[0001] The following relates generally to wireless com-
munications, and more specifically to managing relay
nodes with multiple backhaul connections.

[0002] Wireless communications systems are widely
deployed to provide various types of communication con-
tentsuch as voice, video, packetdata, messaging, broad-
cast, and so on. These systems may be capable of sup-
porting communication with multiple users by sharing the
available system resources (e.g., time, frequency, and
power). Examples of such multiple-access systems in-
clude fourth generation (4G) systems such as Long Term
Evolution (LTE) systems, LTE-Advanced (LTE-A) sys-
tems, or LTE-A Pro systems, and fifth generation (5G)
systems which may be referred to as New Radio (NR)
systems. These systems may employ technologies such
as code division multiple access (CDMA), time division
multiple access (TDMA), frequency division multiple ac-
cess (FDMA), orthogonal frequency division multiple ac-
cess (OFDMA), or discrete Fourier transform-spread-
OFDM (DFT-S-OFDM). A wireless multiple-access com-
munications system may include a number of base sta-
tions or network access nodes, each simultaneously sup-
porting communication for multiple communication de-
vices, which may be otherwise known as user equipment
(UE).

[0003] In some wireless communications systems
(e.g., 5G NR systems), infrastructure and spectral re-
sources for NR access may additionally support wireless
backhaul link capabilities in supplement to wireline back-
haul connections, providing an integrated access and
backhaul (IAB) network architecture. One or more base
stations may include centralized units (CUs) and distrib-
uted units (DUs) and may be referred to as donor base
stations. One or more DUs associated with a donor base
station may be partially controlled by CUs associated with
the donor base station. The one or more donor base sta-
tions (e.g., IAB donors) may be in communication with
one or more additional base stations (e.g., IAB nodes or
relay nodes) via supported access and backhaul links.
IAB nodes may supportmobile terminal (MT) functionality
controlled and/or scheduled by DUs of a coupled IAB
donor or parent IAB node, as well as DUs relative to ad-
ditional entities (e.g., child IAB nodes, UEs, etc.) within
the relay chain or configuration of the access network.
[0004] In some cases, upstream connections in IAB
networks (e.g., a connection between a MT functionality
of a relay node and a DU of a parent node) may deteri-
orate due to, for example, loss of uplink synchronization,
adverse channel conditions, communications interfer-
ence, etc. Such may result in reduced throughput, radio
link failure (RLF) procedures, increased latency, etc.,
which may hinder system performance.

[0005] 3GPP Draft R3-184934, "TP to TR 38.874 on
Support for multiple path redundancy for IAB nodes",
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Ericsson et al, focuses on solutions for supporting mul-
tiple paths whereby fast seamless mobility/redundancy
and even load balancing can be realized. 3GPP Draft
R3-184935, "TP to TR 38.874 on using F1 functionality
to support redundant paths", Ericsson et al, focuses on
reusing F1 functionality for supporting fast seamless mo-
bility/redundancy and load balancing. 3GPP Draft
R3-185153, "Multi-connectivity Architecture Design for
IAB Arch. 1a", AT&T, discusses issues related to multi-
connectivity architecture design to support route man-
agement in IAB architecture group 1a. 3GPP Draft
R2-1806126, "Adaptation layer based L2 relaying and
light L2 relaying”, Huawei et al, presents considerations
about protocol stack design of IAB networks with two
candidates for Architecture 1a. 3GPP TR 38.374 V0.4.0,
"3rd Generation Partnership Project; Technical Specifi-
cation Group Radio Access Network; Study on Integrated
Access and Backhaul; (Release 15)", describes the ar-
chitectures, the radio protocols, and the physical layer
aspects related to relaying of access traffic by sharing
radio resources between access and backhaul links.
3GPP Draft R3-183689, "Discussion on |AB node dis-
covery and selection”, ZTE, investigates IAB node cell
selection/reselection criteria and access procedure.

SUMMARY

[0006] The invention is defined by the subject-matter
of the independent claims. Preferred embodiments are
defined in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

FIG. 1illustrates an example of a system for wireless
communications that supports relay nodes with mul-
ti-connected cellular backhaul in accordance with
one or more aspects of the present disclosure.
FIGs. 2 and 3 illustrate example wireless communi-
cations systems that support relay nodes with multi-
connected cellular backhaul in accordance with one
or more aspects of the present disclosure.

FIG. 4 illustrates an example of a flowchart that sup-
ports relay node with multi-connected cellular back-
haul in accordance with one or more aspects of the
present disclosure.

FIG. 5 illustrates an example of a process flow that
supports relay node with multi-connected cellular
backhaul in accordance with one or more aspects of
the present disclosure.

FIG. 6 illustrates an example of a flowchart that sup-
ports relay node with multi-connected cellular back-
haul in accordance with one or more aspects of the
present disclosure.

FIG. 7 illustrates an example of a process flow that
supports relay node with multi-connected cellular
backhaul in accordance with one or more aspects of
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the present disclosure.

FIGs. 8 and 9 show block diagrams of devices that
support relay nodes with multi-connected cellular
backhaul in accordance with one or more aspects of
the present disclosure.

FIG. 10 shows a block diagram of a communications
manager that supports relay nodes with multi-con-
nected cellular backhaul in accordance with one or
more aspects of the present disclosure.

FIG. 11 shows a diagram of a system including a
device that supports relay nodes with multi-connect-
ed cellular backhaul in accordance with one or more
aspects of the present disclosure.

FIGs. 12 and 13 show block diagrams of devices that
support relay nodes with multi-connected cellular
backhaul in accordance with one or more aspects of
the present disclosure.

FIG. 14 shows a block diagram of a communications
manager that supports relay nodes with multi-con-
nected cellular backhaul in accordance with one or
more aspects of the present disclosure.

FIG. 15 shows a diagram of a system including a
device that supports relay nodes with multi-connect-
ed cellular backhaul in accordance with one or more
aspects of the present disclosure.

FIGs. 16 through 20 show flowcharts illustrating
methods that support relay nodes with multi-con-
nected cellular backhaul in accordance with one or
more aspects of the present disclosure.

DETAILED DESCRIPTION

[0008] In the following embodiments falling under the
scope of the claims are indicated. Other aspects or em-
bodiments that do not fall under the scope of the claims
are useful to understand the invention.

[0009] In some wireless communications systems
(e.g., 5G NR systems), infrastructure and spectral re-
sources for NR access may additionally support wireless
backhaul link capabilities in supplement to wireline back-
haul connections, providing an IAB network architecture.
One or more base stations may include CUs and DUs
and may be referred to as donor base stations (e.g., or
IAB donors). One or more DUs associated with a donor
base station may be partially controlled by CUs associ-
ated with the donor base station. A base station CU may
be acomponent of adatabase, data center, core network,
or network cloud. A network node associated with a RAT
may communicate with a donor base station CU via a
backhaul link (e.g., wireline backhaul or wireless back-
haul). The one or more donor base stations (e.g., IAB
donors) may be in communication with one or more ad-
ditional base stations (e.g., IAB nodes or relay nodes)
and UEs. IAB nodes may support MT functionality con-
trolled and scheduled by an IAB donor and/or parent IAB
nodes relative to the MT supported IAB nodes. IAB nodes
may additionally support DU operability relative to addi-
tional entities (e.g., child IAB nodes, UEs, etc.) within the
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relay chain or configuration of the access network (e.g.,
relative to entities downstream from the IAB node). For
example, an IAB network architecture may include a
chain of connected wireless devices (e.g., starting with
a donor base station and ending with a UE, with any
number of IAB relay nodes in between) via link resources
that support NR access and backhaul capabilities (e.g.,
a wireline backhaul or wireless backhaul).

[0010] A relay node may refer to an intermediary node
in a relay chain (e.g., an IAB relay chain). For example,
a relay node may relay communications between a par-
ent node (e.g., an IAB donor, or an IAB node upstream
or higher on the relay chain) and a child node (e.g., an
IAB node downstream or lower on the relay chain). In
some cases, the relay node may referto the DU oraccess
node function (AN-F) of an intermediary IAB node. A child
node may refer to an IAB-Node (e.g., the MT of the I1AB-
Node) or a UE that is the child of another IAB-Node (e.g.,
such as the relay node). A parent node in communication
with the relay node may refer to an upstream IAB-Node
or an IAB-donor (e.g., the DU/AN-F of the IAB-Node or
IAB-Donor). In some cases, a parent node may be re-
ferred to as a control node (e.g., a control node may refer
to a parent node or a DU of a parent node in communi-
cation with an MT of a relay node or other intermediary
IAB node).

[0011] Techniques provided herein may enhance the
efficiency of certain wireless communications systems,
including systems that use wireless connections be-
tween nodes (e.g., base stations) for backhaul commu-
nications. In wireless communications systems that em-
ploy wireline links for backhaul communications, a wire-
less node may enjoy a robust wireline link to a network
entity that coordinates aspects of backhaul communica-
tions (e.g., the network entity provides timing information,
cell identity, etc.) for neighboring nodes to coordinate
backhaul transmissions. However, in some systems, de-
ploying a wireline link to wireless nodes may result in
substantial expense and resource expenditure. For ex-
ample, wireless nodes operating in millimeter wave
(mmW) frequency ranges may be associated with a re-
duced coverage area (e.g., a smaller geographic foot-
print, directional transmissions, etc.), which may result
in a deployment of a larger number of access nodes (e.g.,
wireless nodes or IAB nodes) to provide acceptable cov-
erage areas to users. As a result, a number of wireless
nodes within the wireless communication system may
not be coupled with a wireline backhaul link and may
instead use wireless backhaul links for backhaul com-
munications in a wireless backhaul network (e.g., such
as an IAB network).

[0012] The described techniques provide for mainte-
nance of wireless backhaul connections through use of
multiple wireless backhaul links. For example, in some
cases, a relay node may support multiple MT functional-
ities (e.g., a relay node may include multiple MT entities),
and may connect to different parent IAB nodes using the
different MT functionalities. As such, a relay node may
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establish multiple paths (e.g., redundant paths) for mul-
tiple wireless backhaul links. That is, a relay node may
establish multiple wireless backhaul links through differ-
ent paths of the relay chain via multiple MT links to dif-
ferent parent nodes connected to the same CU or net-
work management function. In some cases, all of the
established wireless backhaul links (e.g., wireless back-
haul links established by each MT of the relay node) may
be used in parallel (e.g., simultaneously) for backhaul
communications. In other cases, a subset of the wireless
backhaul links may be used for backhaul communica-
tions, and the remaining wireless backhaul links may be
used for backup purposes (e.g., in cases where the sub-
set of backhaul links deteriorates due to loss of uplink
synchronization, poor channel conditions, communica-
tions interference, etc.).

[0013] The described techniques further provide
mechanisms for network management function (e.g.,
network or CU) coordination and configuration of such
multiple wireless backhaul links. In some cases, where
a relay node supports multiple (e.g., more than 1) MT
functionalities, the network management function may
be informed of the relay nodes capabilities relating to MT
functionality. For example, a relay node may establish a
first backhaul link to the network management function
using a first MT function (e.g., to a first parent node). The
relay node may use the first backhaul link to transmit a
capability report (e.g., a list or identifiers of additional
supported MT functions, RATs supported by the addi-
tional MT functions, frequency bands supported by the
additional MT functions, RF capabilities of the additional
MT functions, etc.) to the network management function
(e.g., via the first backhaul link to the first parent node).
The network management function may then identify a
measurement configuration for some or all of the addi-
tional MT functions of the relay node based on the capa-
bility report (e.g., based on the capabilities of the addi-
tional MT functions supported by the relay node). The
network management function may transmit the meas-
urement configuration to the relay node via the first back-
haul link. The relay node may perform, using one or all
of the additional MT functions, measurements of parent
nodes in accordance with the measurement configura-
tion (e.g., the measurement configuration may include
identification of the additional MT functions to perform
the measuring, identification of parent nodes to be meas-
ured, etc.). The relay node may then transmit, using the
first MT function of the relay node, the measurement re-
port to the network management function via the first
backhaul link.

[0014] The network management function may thus
coordinate and configure additional backhaul links for the
relay node based on the received measurement report.
For example, the network management function may
transmit a backhaul link configuration for the second MT
function to the relay node via the first backhaul link, and
the relay node may establish a second wireless backhaul
link to a second parent node (e.g., where the second MT
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function and the second parent node may be indicated
by the backhaul link configuration).

[0015] In other examples, multiple MT functions of a
relay node may autonomously connect to different parent
nodes (e.g., which may or may not be associated with a
same network management function). For example, in
some cases, MT functions of a relay node may autono-
mously search for a parent node (e.g., perform parent
node transmission measurements). In such examples,
the relay node may exchange (e.g., using a first MT func-
tion of the relay node) an identifier of the relay node with
a first network management function via a first backhaul
link to a first parent node. The relay node may also trans-
mit (e.g., using a second MT function of the relay node)
the identifier of the relay node to a second network man-
agement function via a second backhaul link to a second
parent node. As such, in cases where both parent nodes
(e.g., or backhaul links) are associated with the same
network management function, the management func-
tion may receive the relay node identifiers via the two
backhaul links and may identify the relay node is capable
of supporting the multiple backhaul links. In such cases,
the network management function may transmit a back-
haul link configuration (e.g., for the first MT function, the
second MT function, or both) to the relay node (e.g., via
the first backhaul link, the second backhaul link, or both)
based on the identification that the relay node supports
multiple backhaul link connections.

[0016] Beneficially, techniques supporting relay nodes
with multi-connected backhaul links (e.g., multi-hop
backhaul links) as described herein may improve back-
haul communication robustness (e.g., may reduce serv-
ice interruption, signaling delay, etc. associated with a
deteriorating wireless backhaul link, through use of ad-
ditional wireless backhaul links). A network management
function may identify that a relay node supports multiple
backhaul connections, and may coordinate and config-
ure the multiple backhaul connections using the tech-
niques described herein. For example, the network man-
agementfunction may thus configure use of parallel wire-
less backhaul links (e.g., which may increase backhaul
throughput, add wireless link redundancy for more relia-
ble backhaul communications, etc.). In other examples,
the network management function may configure backup
wireless backhaul links (e.g., which may be used in cases
where the first or primary wireless backhaul link deterio-
rates, when the measurement report indicates a second
wireless backhaul link may be more reliable, etc.).
[0017] Aspects of the disclosure are initially described
in the context of a wireless communications system. Ex-
ample wireless communications systems, flowcharts,
and process flows implementing the discussed tech-
niques are then described. Aspects of the disclosure are
further illustrated by and described with reference to ap-
paratus diagrams, system diagrams, and flowcharts that
relate to relay nodes with multi-connected cellular back-
haul.

[0018] FIG. 1 illustrates an example of a wireless com-
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munications system 100 that supports relay nodes with
multi-connected cellular backhaul in accordance with
one or more aspects of the present disclosure. The wire-
less communications system 100 includes network de-
vices 105, UEs 115, and a core network 130. In some
examples, the wireless communications system 100 may
be a LTE network, a LTE-A network, a LTE-A Pro net-
work, or a NR network. In some cases, wireless commu-
nications system 100 may support enhanced broadband
communications, ultra-reliable (e.g., mission critical)
communications, low latency communications, or com-
munications with low-cost and low-complexity devices.
Wireless communications system 100 may support sig-
naling between network devices 105 for establishment
of multiple backhaul connections for relay nodes (e.g.,
network devices 105) supporting multiple MT functions.
[0019] The core network 130 may provide user authen-
tication, access authorization, tracking, Internet Protocol
(IP) connectivity, and other access, routing, or mobility
functions. The core network 130 may be an evolved pack-
et core (EPC), which may include at least one mobility
management entity (MME), at least one serving gateway
(S-GW), and at least one Packet Data Network (PDN)
gateway (P-GW). The MME may manage non-access
stratum (e.g., control plane) functions such as mobility,
authentication, and bearer management for UEs 115
served by network devices 105 associated with the EPC.
User IP packets may be transferred through the S-GW,
which itself may be connected to the P-GW. The P-GW
may provide IP address allocation as well as other func-
tions. The P-GW may be connected to the network op-
erators IP services. The operators IP services may in-
clude accessto the Internet, Intranet(s), an IP Multimedia
Subsystem (IMS), or a Packet-Switched (PS) Streaming
Service.

[0020] Atleast some of the network devices 105 (e.g.,
network device 105-a), which may be an example of a
base station (e.g., eNB, network access devices, gNB),
or network device 105-b, which may be an example of
an access node controller (ANC)), may interface with the
core network 130 through backhaul links 132 (e.g., S1,
S2) and may perform radio configuration and scheduling
for communication with the UEs 115. In various exam-
ples, the network devices 105-b may communicate, ei-
ther directly or indirectly (e.g., through core network 130),
with each other over backhaul links 134 (e.g., X1, X2),
which may be wired or wireless communication links.
[0021] Each network device 105-b may also addition-
ally or alternatively communicate with a number of UEs
115 through a number of other network devices 105-c,
where network device 105-c may be an example of a
smart radio head (or through a number of smart radio
heads). In alternative configurations, various functions
of each network device 105 may be distributed across
various network devices 105 (e.g., radio heads and ac-
cess network controllers) or consolidated into a single
network device 105 (e.g., a base station).

[0022] Network devices 105 may wirelessly communi-
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cate with UEs 115 via one or more base station antennas.
Network device 105 described herein may include or may
be referred to by those skilled in the art as a base trans-
ceiver station, a radio base station, an access point, a
radio transceiver, a NodeB, an eNB, a next-generation
Node B or giga-nodeB (either of which may be referred
to as agNB), a Home NodeB, a Home eNodeB, or some
other suitable terminology. Wireless communications
system 100 may include network devices 105 of different
types (e.g., macro or small cell base stations). The UEs
115 described herein may be able to communicate with
various types of network devices 105 and network equip-
mentincluding macro eNBs, small celleNBs, gNBs, relay
base stations, and the like.

[0023] Each network device 105 may be associated
with a particular geographic coverage area 110 in which
communications with various UEs 115 is supported.
Each network device 105 may provide communication
coverage for a respective geographic coverage area 110
via communication links 125, and communication links
125 between a network device 105 and a UE 115 may
utilize one or more carriers. Communication links 125
shown in wireless communications system 100 may in-
clude uplink transmissions from a UE 115 to a network
device 105, or downlink transmissions from a network
device 105 to a UE 115. Downlink transmissions may
also be called forward link transmissions while uplink
transmissions may also be called reverse link transmis-
sions.

[0024] The geographic coverage area 110 for a net-
work device 105 may be divided into sectors making up
only a portion of the geographic coverage area 110, and
each sector may be associated with a cell. For example,
each network device 105 may provide communication
coverage for a macro cell, a small cell, a hot spot, or other
types of cells, or various combinations thereof. In some
examples, a network device 105 may be movable and
therefore provide communication coverage for a moving
geographic coverage area 110. In some examples, dif-
ferent geographic coverage areas 110 associated with
different technologies may overlap, and overlapping ge-
ographic coverage areas 110 associated with different
technologies may be supported by the same network de-
vice 105 or by different network devices 105. The wireless
communications system 100 may include, for example,
a heterogeneous LTE/LTE-A/LTE-A Pro or NR network
in which different types of network devices 105 provide
coverage for various geographic coverage areas 110.
[0025] Theterm "cell" referstoalogical communication
entity used for communication with a network device 105
(e.g., overacarrier), and may be associated with an iden-
tifier for distinguishing neighboring cells (e.g., a physical
cell identifier (PCID), a virtual cell identifier (VCID)) op-
erating via the same or a different carrier. In some ex-
amples, a carrier may support multiple cells, and different
cells may be configured according to different protocol
types (e.g., machine-type communication (MTC), nar-
rowband Internet-of-Things (NB-loT), enhanced mobile
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broadband (eMBB), or others) that may provide access
for different types of devices. In some cases, the term
"cell" may refer to a portion of a geographic coverage
area 110 (e.g., a sector) over which the logical entity op-
erates.

[0026] UEs 115 may be dispersed throughout the wire-
less communications system 100, and each UE 115 may
be stationary or mobile. A UE 115 may also be referred
to as a mobile device, a wireless device, aremote device,
a handheld device, or a subscriber device, or some other
suitable terminology, where the "device" may also be re-
ferred to as a unit, a station, a terminal, or a client. A UE
115 may also be a personal electronic device such as a
cellular phone, a personal digital assistant (PDA), a tablet
computer, alaptop computer, or a personal computer. In
some examples, a UE 115 may also refer to a wireless
local loop (WLL) station, an Internet of Things (loT) de-
vice, an Internet of Everything (IoE) device, or an MTC
device, or the like, which may be implemented in various
articles such as appliances, vehicles, meters, or the like.
A UE 115 may communicate with the core network 130
through communication link 135.

[0027] Some UEs 115, such as MTC or IoT devices,
may be low cost or low complexity devices, and may pro-
vide for automated communication between machines
(e.g., via Machine-to-Machine (M2M) communication).
M2M communication or MTC may refer to data commu-
nication technologies that allow devices to communicate
with one another or a network device 105 without human
intervention. In some examples, M2M communication or
MTC may include communications from devices that in-
tegrate sensors or meters to measure or capture infor-
mation and relay that information to a central server or
application program that can make use of the information
or present the information to humans interacting with the
program or application. Some UEs 115 may be designed
to collect information or enable automated behavior of
machines. Examples of applications for MTC devices in-
clude smart metering, inventory monitoring, water level
monitoring, equipment monitoring, healthcare monitor-
ing, wildlife monitoring, weather and geological event
monitoring, fleet management and tracking, remote se-
curity sensing, physical access control, and transaction-
based business charging.

[0028] Some UEs 115 may be configured to employ
operating modes that reduce power consumption, such
as half-duplex communications (e.g., a mode that sup-
ports one-way communication via transmission or recep-
tion, but not transmission and reception simultaneously).
In some examples half-duplex communications may be
performed at a reduced peak rate. Other power conser-
vation techniques for UEs 115 include entering a power
saving "deep sleep" mode when not engaging in active
communications, or operating over a limited bandwidth
(e.g., according to narrowband communications). In
some cases, UEs 115 may be designed to supportcritical
functions (e.g., mission critical functions), and a wireless
communications system 100 may be configured to pro-
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vide ultra-reliable communications for these functions.
[0029] In some cases, a UE 115 may also be able to
communicate directly with other UEs 115 (e.g., using a
peer-to-peer (P2P) or device-to-device (D2D) protocol).
One or more of a group of UEs 115 utilizing D2D com-
munications may be within the geographic coverage area
110 of a network device 105. Other UEs 115 in such a
group may be outside the geographic coverage area 110
of a network device 105, or be otherwise unable to re-
ceive transmissions from a network device 105. In some
cases, groups of UEs 115 communicating via D2D com-
munications may utilize a one-to-many (1:M) system in
which each UE 115 transmits to every other UE 115 in
the group. In some cases, a network device 105 facilitates
the scheduling of resources for D2D communications. In
other cases, D2D communications are carried out be-
tween UEs 115 without the involvement of a network de-
vice 105.

[0030] Network devices 105 may communicate with
the core network 130 and with one another. For example,
network devices 105 may interface with the core network
130 through backhaul links 132 (e.g., via an S1, N2, N3,
or other interface). Network devices 105 may communi-
cate with one another over backhaul links 134 (e.g., via
an X2, Xn, or other interface) either directly (e.g., directly
between network devices 105) or indirectly (e.g., via core
network 130).

[0031] Network devices 105 may support functionality
for operations in an IAB network. For example, network
devices 105 may be split into support entities (e.g., func-
tionalities) for promoting wireless backhaul density in col-
laboration with NR communication access. In some cas-
es, one or more network devices 105 may be split into
associated base station CU and DU entities, where one
or more DUs may be partially controlled by an associated
CU. The CU entities of the one or more network devices
105 may facilitate connection between the core network
130 and the access network (e.g., via a wireline or wire-
less connection to the core network). The DUs of the one
or more network devices 105 may control and/or sched-
ule functionality for additional devices (e.g., one or more
alternative network devices 105, UEs 115) according to
configured access and backhaul links. Based on the sup-
ported entities at the one or more network devices 105,
the one or more network devices 105 may be referred to
as donor network devices (e.g., or IAB donors, donor
base stations, etc.).

[0032] Additionally, in some cases, one or more net-
work devices 105 may be split into associated MT and
base station DU entities, where MT functionality of the
one or more network devices 105 may be controlled
and/or scheduled by the DU entities of the one or more
donor network devices (e.g., via a Uu interface). DUs
associated with the one or more network devices may
be controlled by MT functionality. In addition, DUs of the
one or more network devices 105 may be partially con-
trolled by signaling messages from CU entities of asso-
ciated donor network devices on the configured access



11 EP 3 854 004 B9 12

and backhaul links of a network connection (e.g., via an
F1-AP). The DUs of the one or more network devices
105 may support one of multiple serving cell coverage
areas 110 of the network coverage area. The DUs of the
one or more network devices 105 may control and/or
schedule functionality for additional devices (e.g., one or
more other network devices 105, UEs 115) according to
configured access and backhaul links. Based on the sup-
ported entities at the one or more network devices 105,
the base stations may be referred to as intermediary net-
work devices (e.g., or IAB nodes, intermediary base sta-
tions, etc.).

[0033] Atleast some of the network devices, such as
a network device 105, may include subcomponents such
as an access network entity, which may be an example
of an ANC. Each access network entity may communi-
cate with UEs 115 through a number of other access
network transmission entities, which may be referred to
as aradio head, a smartradio head, or a transmission/re-
ception point (TRP). In some configurations, various
functions of each access network entity or network device
105 may be distributed across various network devices
(e.g.,radioheads and access network controllers) or con-
solidated into a single network device (e.g., a network
device 105).

[0034] Wireless communications system 100 may op-
erate using one or more frequency bands, typically in the
range of 300 MHz to 300 GHz. Generally, the region from
300 MHz to 3 GHz is known as the ultra-high frequency
(UHF) region or decimeter band, since the wavelengths
range from approximately one decimeter to one meter in
length. UHF waves may be blocked or redirected by build-
ings and environmental features. However, the waves
may penetrate structures sufficiently for a macro cell to
provide service to UEs 115 located indoors. Transmis-
sion of UHF waves may be associated with smaller an-
tennas and shorter range (e.g., less than 100 km) com-
pared to transmission using the smaller frequencies and
longer waves of the high frequency (HF) or very high
frequency (VHF) portion of the spectrum below 300 MHz.
[0035] Wireless communications system 100 may also
operate in a super high frequency (SHF) region using
frequency bands from 3 GHz to 30 GHz, also known as
the centimeter band. The SHF region includes bands
such as the 5 GHz industrial, scientific, and medical (ISM)
bands, which may be used opportunistically by devices
that can tolerate interference from other users.

[0036] Wireless communications system 100 may also
operate in an extremely high frequency (EHF) region of
the spectrum (e.g., from 30 GHz to 300 GHz), also known
as the millimeter band. In some examples, wireless com-
munications system 100 may support mmW communi-
cations between UEs 115 and network devices 105, and
EHF antennas of the respective devices may be even
smaller and more closely spaced than UHF antennas. In
some cases, this may facilitate use of antenna arrays
within a UE 115. However, the propagation of EHF trans-
missions may be subject to even greater atmospheric
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attenuation and shorter range than SHF or UHF trans-
missions. Techniques disclosed herein may be em-
ployed across transmissions that use one or more differ-
ent frequency regions, and designated use of bands
across these frequency regions may differ by country or
regulating body.

[0037] In some cases, wireless communications sys-
tem 100 may utilize both licensed and unlicensed radio
frequency spectrum bands. For example, wireless com-
munications system 100 may employ License Assisted
Access (LAA), LTE-Unlicensed (LTE-U) radio access
technology, or NR technology in an unlicensed band such
as the 5 GHz ISM band. When operating in unlicensed
radio frequency spectrum bands, wireless devices such
as network devices 105 and UEs 115 may employ listen-
before-talk (LBT) procedures to ensure a frequency
channel is clear before transmitting data. In some cases,
operations in unlicensed bands may be based on a CA
configuration in conjunction with CCs operating in a li-
censed band (e.g., LAA). Operations in unlicensed spec-
trum may include downlink transmissions, uplink trans-
missions, peer-to-peer transmissions, or a combination
of these. Duplexing in unlicensed spectrum may be
based on frequency division duplexing (FDD), time divi-
sion duplexing (TDD), or a combination of both.

[0038] In some examples, network device 105 or UE
115 may be equipped with multiple antennas, which may
be used to employ techniques such as transmit diversity,
receive diversity, multiple-input multiple-output (MIMO)
communications, or beamforming. Forexample, wireless
communications system 100 may use a transmission
scheme between a transmitting device (e.g., a network
device 105) and a receiving device (e.g., a UE 115),
where the transmitting device is equipped with multiple
antennas and the receiving devices are equipped with
one or more antennas. MIMO communications may em-
ploy multipath signal propagation to increase the spectral
efficiency by transmitting or receiving multiple signals via
different spatial layers, which may be referred to as spa-
tial multiplexing. The multiple signals may, for example,
be transmitted by the transmitting device via different an-
tennas or different combinations of antennas. Likewise,
the multiple signals may be received by the receiving
device via different antennas or different combinations
of antennas. Each of the multiple signals may be referred
to as a separate spatial stream, and may carry bits as-
sociated with the same data stream (e.g., the same code-
word) or different data streams. Different spatial layers
may be associated with different antenna ports used for
channel measurement and reporting. MIMO techniques
include single-user MIMO (SU-MIMO) where multiple
spatial layers are transmitted to the same receiving de-
vice, and multiple-user MIMO (MU-MIMO) where multi-
ple spatial layers are transmitted to multiple devices.
[0039] Beamforming, which may also be referred to as
spatial filtering, directional transmission, or directional re-
ception, is a signal processing technique that may be
used at a transmitting device or a receiving device (e.g.,
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a network device 105 or a UE 115) to shape or steer an
antenna beam (e.g., a transmit beam or receive beam)
along a spatial path between the transmitting device and
the receiving device. Beamforming may be achieved by
combining the signals communicated via antenna ele-
ments of an antenna array such that signals propagating
at particular orientations with respect to an antenna array
experience constructive interference while others expe-
rience destructive interference. The adjustment of sig-
nals communicated via the antenna elements may in-
clude a transmitting device or a receiving device applying
certain amplitude and phase offsets to signals carried via
each ofthe antenna elements associated with the device.
The adjustments associated with each of the antenna
elements may be defined by a beamforming weight set
associated with a particular orientation (e.g., with respect
to the antenna array of the transmitting device or receiv-
ing device, or with respect to some other orientation).
[0040] Inone example, a network device 105 may use
multiple antennas or antenna arrays to conduct beam-
forming operations for directional communications with
a UE 115. For instance, some signals (e.g. synchroniza-
tion signals, reference signals, beam selection signals,
or other control signals) may be transmitted by a network
device 105 multiple times in different directions, which
may include a signal being transmitted according to dif-
ferent beamforming weight sets associated with different
directions of transmission. Transmissions in different
beam directions may be used to identify (e.g., by the net-
work device 105 or a receiving device, such as a UE 115)
a beam direction for subsequent transmission and/or re-
ception by the network device 105. Some signals, such
as data signals associated with a particular receiving de-
vice, may be transmitted by a network device 105 in a
single beam direction (e.g., a direction associated with
the receiving device, such as a UE 115). In some exam-
ples, the beam direction associated with transmissions
along a single beam direction may be determined based
at least in in part on a signal that was transmitted in dif-
ferent beam directions. For example, a UE 115 may re-
ceive one or more of the signals transmitted by the net-
work device 105 in different directions, and the UE 115
may report to the network device 105 an indication of the
signal it received with a highest signal quality, or an oth-
erwise acceptable signal quality. Although these tech-
niques are described with reference to signals transmit-
ted in one or more directions by a network device 105, a
UE 115 may employ similar techniques for transmitting
signals multiple times in different directions (e.g., foriden-
tifying a beam direction for subsequent transmission or
reception by the UE 115), or transmitting a signal in a
single direction (e.g., for transmitting data to a receiving
device).

[0041] A receiving device (e.g., a UE 115, which may
be an example of a mmW receiving device) may try mul-
tiple receive beams when receiving various signals from
the network device 105, such as synchronization signals,
reference signals, beam selection signals, or other con-
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trol signals. For example, a receiving device may try mul-
tiple receive directions by receiving via different antenna
subarrays, by processing received signals according to
different antenna subarrays, by receiving according to
different receive beamforming weight sets applied to sig-
nals received at a plurality of antenna elements of an
antenna array, or by processing received signals accord-
ing to different receive beamforming weight sets applied
to signals received at a plurality of antenna elements of
an antenna array, any of which may be referred to as
"listening" according to different receive beams or re-
ceive directions. In some examples a receiving device
may use a single receive beam to receive along a single
beam direction (e.g., when receiving a data signal). The
single receive beam may be aligned in a beam direction
determined based at least in part on listening according
to different receive beam directions (e.g., a beam direc-
tion determined to have a highest signal strength, highest
signal-to-noise ratio, or otherwise acceptable signal qual-
ity based atleastin part on listening according to multiple
beam directions).

[0042] In some cases, the antennas of a network de-
vice 105 or UE 115 may be located within one or more
antenna arrays, which may support MIMO operations, or
transmit or receive beamforming. For example, one or
more base station antennas or antenna arrays may be
co-located at an antenna assembly, such as an antenna
tower. In some cases, antennas or antenna arrays asso-
ciated with a network device 105 may be located in di-
verse geographic locations. A network device 105 may
have an antenna array with a number of rows and col-
umns of antenna ports that the network device 105 may
use to support beamforming of communications with a
UE 115. Likewise, a UE 115 may have one or more an-
tenna arrays that may support various MIMO or beam-
forming operations.

[0043] In some cases, wireless communications sys-
tem 100 may be a packet-based network that operate
according to a layered protocol stack. In the user plane,
communications at the bearer or Packet Data Conver-
gence Protocol (PDCP) layer may be IP-based. A Radio
Link Control (RLC) layer may in some cases perform
packet segmentation and reassembly to communicate
over logical channels. A Medium Access Control (MAC)
layer may perform priority handling and multiplexing of
logical channels into transport channels. The MAC layer
may also use hybrid automatic repeat request (HARQ)
to provide retransmission at the MAC layer to improve
link efficiency. Inthe control plane, the RRC protocol layer
may provide establishment, configuration, and mainte-
nance of an RRC connection between a UE 115 and a
network device 105 or core network 130 supporting radio
bearers for user plane data. At the Physical (PHY) layer,
transport channels may be mapped to physical channels.
[0044] In some cases, UEs 115 and network devices
105 may support retransmissions of data to increase the
likelihood that data is received successfully. HARQ feed-
back is one technique of increasing the likelihood that
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data is received correctly over a communication link 125.
HARQ may include a combination of error detection (e.g.,
using a cyclic redundancy check (CRC)), forward error
correction (FEC), and retransmission (e.g., automatic re-
peat request (ARQ)). HARQ may improve throughput at
the MAC layer in poor radio conditions (e.g., signal-to-
noise conditions). In some cases, a wireless device may
support same-slot HARQ feedback, where the device
may provide HARQ feedback in a specific slot for data
received in a previous symbol in the slot. In other cases,
the device may provide HARQ feedback in a subsequent
slot, or according to some other time interval.

[0045] Time intervals in LTE or NR may be expressed
in multiples of a basic time unit, which may, for example,
refer to a sampling period of T¢ = 1/30,720,000 seconds.
Time intervals of a communications resource may be or-
ganized according to radio frames each having aduration
of 10 milliseconds (ms), where the frame period may be
expressed as T; = 307,200 T,. The radio frames may be
identified by a system frame number (SFN) ranging from
0 to 1023. Each frame may include 10 subframes num-
bered from 0 to 9, and each subframe may have a dura-
tion of 1 ms. A subframe may be further divided into 2
slots each having a duration of 0.5 ms, and each slot may
contain 6 or 7 modulation symbol periods (e.g., depend-
ing on the length of the cyclic prefix prepended to each
symbol period). Excluding the cyclic prefix, each symbol
period may contain 2048 sampling periods. In some cas-
es, a subframe may be the smallest scheduling unit of
the wireless communications system 100, and may be
referred to as a transmission time interval (TTI). In other
cases, a smallest scheduling unit of the wireless com-
munications system 100 may be shorter than a subframe
or may be dynamically selected (e.g., in bursts of short-
ened TTls (sTTls) or in selected component carriers us-
ing sTTIs).

[0046] In some wireless communications systems, a
slot may further be divided into multiple mini-slots con-
taining one or more symbols. In some instances, a sym-
bol of a mini-slot or a mini-slot may be the smallest unit
of scheduling. Each symbol may vary in duration depend-
ing on the subcarrier spacing or frequency band of op-
eration, for example. Further, some wireless communi-
cations systems may implement slot aggregation in
which multiple slots or mini-slots are aggregated together
and used for communication between a UE 115 and a
network device 105.

[0047] The term "carrier" refers to a set of radio fre-
quency spectrum resources having a defined physical
layer structure for supporting communications over a
communication link 125. For example, a carrier of a com-
munication link 125 may include a portion of a radio fre-
quency spectrum band that is operated according to
physical layer channels for a given radio access technol-
ogy. Each physical layer channel may carry user data,
control information, or other signaling. A carrier may be
associated with a pre-defined frequency channel (e.g.,
an E-UTRA absolute radio frequency channel number
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(EARFCN)), and may be positioned according to a chan-
nel raster for discovery by UEs 115. Carriers may be
downlink or uplink (e.g., in an FDD mode), or be config-
ured to carry downlink and uplink communications (e.g.,
in a TDD mode). In some examples, signal waveforms
transmitted over a carrier may be made up of multiple
sub-carriers (e.g., using multi-carrier modulation (MCM)
techniques such as OFDM or DFT-s-OFDM).

[0048] The organizational structure of the carriers may
be different for different radio access technologies (e.g.,
LTE, LTE-A, LTE-A Pro, NR, etc.). For example, com-
munications over a carrier may be organized according
to TTls or slots, each of which may include user data as
well as control information or signaling to support decod-
ing the user data. A carrier may also include dedicated
acquisition signaling (e.g., synchronization signals or
system information, etc.) and control signaling that coor-
dinates operation for the carrier. In some examples (e.g.,
in a carrier aggregation configuration), a carrier may also
have acquisition signaling or control signaling that coor-
dinates operations for other carriers.

[0049] Physical channels may be multiplexed on a car-
rier according to various techniques. A physical control
channel and a physical data channel may be multiplexed
on a downlink carrier, for example, using time division
multiplexing (TDM) techniques, frequency division mul-
tiplexing (FDM) techniques, or hybrid TDM-FDM tech-
niques. In some examples, control information transmit-
ted in a physical control channel may be distributed be-
tween different control regions in a cascaded manner
(e.g., between a common control region or common
search space and one or more UE-specific control re-
gions or UE-specific search spaces).

[0050] A carrier may be associated with a particular
bandwidth of the radio frequency spectrum, and in some
examples the carrier bandwidth may be referred to as a
"system bandwidth" of the carrier or the wireless com-
munications system 100. For example, the carrier band-
width may be one of a number of predetermined band-
widths for carriers of a particular radio access technology
(e.g., 14,3, 5,10, 15, 20, 40, or 80 MHz). In some ex-
amples, each served UE 115 may be configured for op-
erating over portions or all of the carrier bandwidth. In
other examples, some UEs 115 may be configured for
operation using a narrowband protocol type that is asso-
ciated with a predefined portion or range (e.g., set of sub-
carriers or RBs) within a carrier (e.g., "in-band" deploy-
ment of a narrowband protocol type).

[0051] In a system employing MCM techniques, a re-
source element may consist of one symbol period (e.g.,
aduration of one modulation symbol) and one subcarrier,
where the symbol period and subcarrier spacing are in-
versely related. The number of bits carried by each re-
source element may depend on the modulation scheme
(e.g., the order of the modulation scheme). Thus, the
more resource elements that a UE 115 receives and the
higher the order of the modulation scheme, the higher
the data rate may be for the UE 115. In MIMO systems,
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a wireless communications resource may refer to a com-
bination of a radio frequency spectrum resource, a time
resource, and a spatial resource (e.g., spatial layers),
and the use of multiple spatial layers may furtherincrease
the data rate for communications with a UE 115.

[0052] Devices of the wireless communications sys-
tem 100 (e.g., network devices 105 or UEs 115) may
have a hardware configuration that supports communi-
cations over a particular carrier bandwidth, or may be
configurable to support communications over one of a
set of carrier bandwidths. In some examples, the wireless
communications system 100 may include network devic-
es 105 and/or UEs 115 that can support simultaneous
communications via carriers associated with more than
one different carrier bandwidth.

[0053] Wireless communications system 100 may sup-
port communication with a UE 115 on multiple cells or
carriers, a feature which may be referred to as carrier
aggregation (CA) or multi-carrier operation. A UE 115
may be configured with multiple downlink CCs and one
or more uplink CCs according to a carrier aggregation
configuration. Carrier aggregation may be used with both
FDD and TDD component carriers.

[0054] In some cases, wireless communications sys-
tem 100 may utilize enhanced component carriers
(eCCs). An eCC may be characterized by one or more
features including wider carrier or frequency channel
bandwidth, shorter symbol duration, shorter TTl duration,
or modified control channel configuration. In some cases,
an eCC may be associated with a carrier aggregation
configuration or a dual connectivity configuration (e.g.,
when multiple serving cells have a suboptimal or non-
ideal backhaul link). An eCC may also be configured for
use in unlicensed spectrum or shared spectrum (e.g.,
where more than one operator is allowed to use the spec-
trum). An eCC characterized by wide carrier bandwidth
may include one or more segments that may be utilized
by UEs 115 that are not capable of monitoring the whole
carrier bandwidth or are otherwise configured to use a
limited carrier bandwidth (e.g., to conserve power).
[0055] In some cases, an eCC may utilize a different
symbol duration than other CCs, which may include use
of a reduced symbol duration as compared with symbol
durations of the other CCs. A shorter symbol duration
may be associated with increased spacing between ad-
jacentsubcarriers. A device, such as a UE 115 or network
device 105, utilizing eCCs may transmit wideband sig-
nals (e.g., according to frequency channel or carrier
bandwidths of 20, 40, 60, 80 MHz, etc.) at reduced sym-
bol durations (e.g., 16.67 microseconds). A TTl in eCC
may consist of one or multiple symbol periods. In some
cases, the TTI duration (that is, the number of symbol
periods in a TTI) may be variable.

[0056] Wireless communications systems such as an
NR system may utilize any combination of licensed,
shared, and unlicensed spectrum bands, among others.
The flexibility of eCC symbol duration and subcarrier
spacing may allow for the use of eCC across multiple
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spectrums. In some examples, NR shared spectrum may
increase spectrum utilization and spectral efficiency,
specifically through dynamic vertical (e.g., across the fre-
quency domain) and horizontal (e.g., across the time do-
main) sharing of resources.

[0057] Insome wireless communications systems 100,
one or more network devices 105 (e.g., a donor network
device 105, a donor IAB node, a donor base station, etc.)
may include CUs and DUs, where one or more DUs as-
sociated with a donor network device may be partially
controlled by a CU associated with the donor network
device. The network device CUs may be a component
of a network management function, database, data cent-
er, or the core network 130 (e.g., a 5G NR core network
(5GC)). In some cases, the network device CU may be
in communication with the network management function
(e.g., in some cases, the network management function
may refer to a separate entity in communication with the
network device CU). In some cases, a network manage-
ment function may be referred to as a management func-
tion. A network device CU may communicate with adonor
network device 105 via a backhaul link 132 (e.g., a wire-
line backhaul or a wireless backhaul). As another exam-
ple, in IAB networks, a network device CU (e.g., a donor
network device 105) may communicate with the core net-
work 130 (e.g., the NGC) via a backhaul link 132 (e.g.,
awireline backhaul or wireless backhaul). The donor net-
work device 105 may be referred to, for example in an
IAB network, as an IAB donor and may be in communi-
cation with one or more IAB nodes (e.g., other network
devices 105) operating as network device DUs relative
to the IAB donor and one or more UEs.

[0058] For example, an IAB network may include a
chain of wireless devices (e.g., starting with the donor
network device 105 (a radio access network (RAN) node
that terminates an interface with the core network) and
ending with a UE 115, with any number of IAB nodes or
relay network devices in between). IAB nodes (e.g., relay
network devices, relay nodes, relay base stations etc.)
may support MT functionality (which may also be referred
to as UE functionality (UEF)) controlled and scheduled
by an IAB donor, or another parent IAB node. IAB nodes
(e.g., relay base stations, relay nodes, etc.) may also
support DU functionality (which may also be referred to
as access network functionality (ANF)) relative to addi-
tional entities (e.g., IAB nodes, UEs, etc.) within the relay
chain or configuration of the access network (e.g., down-
stream). In some cases, MT functionality may refer to an
implementation that supports at least some aspects of a
MT or a UE (e.g., as defined by 3GPP TS 23.101 version
8.0.0 Release 8). These relay mechanisms may forward
traffic along to the additional entities, extend the range
of wireless access for one or more base stations, en-
hance the density of backhaul capability within serving
cells, etc.

[0059] Wireless communications system 100 may em-
ploy one or more wired and wireless backhaul links (e.g.,
backhaul link 132 or backhaul link 134) for establishing



19 EP 3 854 004 B9 20

connectivity between a core network (e.g., core network
130) and the one or more wireless nodes within wireless
communications system 100. For example, wireless
communications system 100 may include multiple net-
work devices 105 (e.g., base stations, remote radio
heads, etc.), where at least one network device 105 is
coupled to a wireline backhaul link, such as an optical
fiber cable. Additional network devices 105 may not be
directly coupled to the core network 130 or to another
network device 105 via a wired backhaul link, and may
use wireless backhaul links to communicate backhaul
traffic. In such cases, the network devices 105 may wire-
lessly communicate backhaul access traffic to a high-
capacity fiber point (e.g., alocation where a wireless node
is coupled with a wireline link to core network 130). Each
ofthe backhaul links 132 and 134 may carry packets from
the one or more established PDN gateways through the
SGi interface and subsequently direct the packets
through the core network and to the coupled wireless
nodes over the S 1 interface.

[0060] While mobile access may sometimes be asso-
ciated with single-hop communication links between a
source and destination (e.g., an asymmetric link), wire-
less backhaul communications may support multi-hop
transport and provide robustness through topological re-
dundancy (e.g., alternative paths for data exchange with-
in a wireless communications network). Accordingly, un-
derlying links using wireless backhaul communications
may be symmetricin nature and use large-scale resource
coordination among the wireless communication links.
[0061] The relay node multi-connected backhaul man-
ager 101 may transmit, using a first mobile terminal func-
tion of the relay node, a measurement report to a network
management function via a first backhaul link to a first
parent node, where the measurement report includes
measurements of a second parent node transmission
(e.g., of parent node reference signal transmission). Fur-
ther, the relay node multi-connected backhaul manager
101 may receive, via the first backhaul link using the first
mobile terminal function of the relay node, a backhaul
link configuration for the second mobile terminal function
based on the transmitted measurement report, and es-
tablish a second backhaul link between the second mo-
bile terminal function of the relay node and the second
parent node based on the received backhaul link config-
uration. Generally, relay node multi-connected backhaul
manager 101 may be a component, function, or logic of
a network device 105 (e.g., a network device 105-a, a
network device 105-b, a network device 105-c, etc.).
[0062] The management function multi-connected
backhaul manager 102 may receive, by a network man-
agement function via a first backhaullink, ameasurement
report from a first mobile terminal function of arelay node,
where the measurement report includes measurements
of asecond parentnode transmission and identify a back-
haul link configuration for the second mobile terminal
function based on the received measurement report. Fur-
ther, the management function multi-connected back-
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haul manager 102 may transmit, via the first backhaul
link, the identified backhaul link configuration for the sec-
ond mobile terminal function to the first mobile terminal
function of the relay node. Generally, the management
function multi-connected backhaul manager 102 may be
a component, function, or logic of core network 130.
[0063] The following two embodiments are falling un-
der the scope of the claimed invention. The relay node
multi-connected backhaul manager 101 exchanges, us-
ing a first mobile terminal function of the relay node, an
identifier of the relay node with a first network manage-
ment function via a first backhaul link to a first parent
node and transmit, using a second mobile terminal func-
tion of the relay node, the same identifier of the relay
node to a second network management function via a
second backhaul link to a second parent node. Further,
the relay node multi-connected backhaul manager 101
receives a backhaul link configuration for the second mo-
bile terminal function based on the transmission of the
identifier of the relay node to the first network manage-
ment function via the first backhaul link and the transmis-
sion of the same identifier of the relay node to the second
network management function via the second backhaul
link.

[0064] The management function multi-connected
backhaul manager 102 identifies a relay node is connect-
ed to afirst parent node via a first mobile terminal function
of the relay node by exchanging an identifier of the relay
node with the first parent node; identify the relay node is
connected to a second parent node via a second mobile
terminal function of the relay node by receiving the iden-
tifier of the relay node from the second parent node,
wherein the identification that the relay node is connected
to the second parent node via the second mobile terminal
function of the relay node is based at least in part on the
identifier of the relay node from the second parent node
being the same as the identifier of the relay node from
the first parent node; and transmit a backhaul link con-
figuration for the second mobile terminal function based
on the identified relay node connections.

[0065] FIG. 2illustrates an example of a wireless com-
munications system 200 that supports aspects of relay
nodes with multi-connected cellular backhaul in accord-
ance with one or more aspects of the present disclosure.
In some examples, wireless communications system 200
may implement aspects of wireless communications sys-
tem 100. Wireless communications system 200 may sup-
port one or more base stations 105 (e.g., which may be
examples of a network device 105 as described in FIG.
1) supporting network access to one or more UEs 115
within cell coverage areas 110 (e.g., which may be ex-
amples of LTEs 115 and coverage areas 110 as de-
scribed in FIG. 1). In some cases, the one or more cell
coverage areas 110 may be non-collocated. Infrastruc-
ture and spectral resources for NR access within wireless
communications system 200 may additionally support
wireless backhaul link 215 capabilities in supplement to
wireline backhaul connections 210, providing an IAB net-
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work architecture.

[0066] In some cases, base station 105-a may be split
into associated base station CU and DU entities, where
one or more DUs may be partially controlled by an asso-
ciated CU. The CU entity of the base station 105-a may
facilitate connection between the core network 205 and
the access network (e.g., via a wireline backhaul con-
nection 210 or wireless connection to the core network).
The DUs of the base station 105-a may control and/or
schedule functionality for additional devices (e.g., relay
base stations, such as relay base station 105-b) accord-
ing to configured wireless backhaul links 215 and access
links 220. Based on the supported entities at the base
station 105-a, the base station 105-a may be referred to
as an IAB donor. Relay base station 105-b may support
link connectivity with the IAB donor (e.g., base station
105-a) as part of a relay chain within the IAB network
architecture. For example, base station 105-b may be
splitinto associated MT and DU entities, where MT func-
tionality of the base station 105-b may be controlled
and/or scheduled by a DU entity of base station 105-a
(e.g., an IAB donor). DUs associated with a base station
105-b may be controlled by MT functionality. In addition,
in some cases, DUs of the base station 105-b may be
partially controlled by signaling messages from CU enti-
ties of associated IAB donor nodes of the network con-
nection (e.g., via an F1-AP). The DU of the base station
105-b may support a serving cell coverage area 110 of
the IAB network coverage area. Based on the supported
entities at the base station 105-b, the base station 105-
b may be referred to as a relay base station, IAB node,
relay node, etc.

[0067] Additionally, wireless communications system
100 may employ one or more wireless access links 220
for establishing mobile access to one or more coupled
UEs 115. Each of the base stations 105 and the UEs 115
may be configured to support cellular RATs, such as
mmW-based RATSs, for access traffic between the UEs
115 and the base stations 105. Moreover, each of base
stations 105 may share resources of the configured RATs
for access traffic with backhaul traffic over the network
(e.g., as in the case of IAB). IAB network solutions may
be increasingly beneficial with the evolution of cellular
technologies due to enhancements in wireless link ca-
pacity. Specifically, IAB network solutions may provide
solutions to densification of network cells (i.e., cost re-
duction of small cell deployments) and increases in data
traffic, as a means to maximize spectrum efficiency
through joint optimization and integration of access and
backhaul resources within the network. IAB network so-
lutions may be particularly suitable for mmW RATs due
to alarge bandwidth per channel and the need to mitigate
short term signal blocking.

[0068] An access link using a mmW-based RAT may
be designed as an asymmetric single-hop link, which may
be used for assigning control and scheduling tasks to
base stations 105 while providing instruction to one or
more UEs 115 for scheduling communication. In such
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cases, base stations 105 may coordinate wireless re-
sources among multiple UEs 115, while each UE 115
may be assigned to one base station 105 at a time. In
some cases, inter-node links may be symmetric in nature
and may form mesh topologies for enhanced robustness,
where wireless transport may occur along multiple hops.
[0069] Communication according to a particular RAT
(e.g., mmW RAT) over an IAB network may enable one
or more functionalities at the base stations 105 of the
network. For example, each base station 105 may be
configured for ANF and UEF to allow each base station
105 to act as a scheduling entity and a receiving (e.g.,
scheduled) entity. Each of the functionalities may be op-
erated via each of the one or more backhaul links 215.
ANF may enable the respective base stations 105 to op-
erate as a scheduling entity over one or more access
links 220, and communicate with one or more UEs 115
located within the IAB network. ANF may further enable
the respective base stations 105 to operate as a sched-
uling entity over one or more coupled backhaul links 215,
to facilitate communication between the one or more oth-
er base stations 105 of the IAB network (i.e., via the mesh
topology). UEF functionality may enable the respective
base station 105 to operate as a scheduled entity and
communicate with one or more other base stations 105
to receive data. The combination of the UEF and ANF
capability at each base station 105 of the IAB network
may allow each of the base stations 105 to utilize switch-
ing operations over the wireless spectrum associated
with the RAT, to transmit access traffic to/from UEs 115
and backhaul traffic to/from core network 130 providing
coupled access to the one or more PDNs. Additionally,
each of base stations 105 may include a routing table for
examining a received data packet and forwarding the
packet along the best path of the IAB network toward the
specified IP address of the packet’s destination.

[0070] Wireless communications system 200 may il-
lustrate an example of a densified small cell system in-
tegrating access and backhaul links (e.g., allowing for
self-backhauling of access traffic). Integrating access
and backhaul links (e.g., integrating wireless backhaul
links 215) may allow for such densified small cell sys-
tems, without the need for each cell (e.g., each base sta-
tion 105) to be connected to afiber point or wireline back-
haul connection 210. Wireless communications system
200 may thusillustrate amulti-hop wireless backhaul net-
work (e.g., with self-backhauling). Such densified small
cell systems may provide for sub-6 frequencies which
may, for example, provide for massive-MIMO technolo-
gies to improve spectral efficiency. In some cases, each
relay base station 105 may be associated with a single
MT function, and may thus employ backhaul relaying as
shown. In some cases, relay base stations 105 may sup-
port multiple MT functions, in which case relay base sta-
tions 105 may be capable of multi-connected cellular
backhaul (e.g., as described herein, for example, with
reference to FIG. 3).

[0071] FIG. 3illustrates an example of a wireless com-
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munications system 300 that supports relay nodes with
multi-connected cellular backhaul in accordance with
one or more aspects of the present disclosure. In some
examples, wireless communications system 300 may im-
plement aspects of wireless communications system 100
and wireless communications system 200, as described
with reference to FIGs. 1 and 2. For example, FIG. 3
illustrates a wireless communications system 300 (e.g.,
a NR system) that supports sharing of infrastructure and
spectral resources for NR access with wireless backhaul
link capabilities, in supplement to wireline backhaul con-
nections, providing an IAB network architecture. Wire-
less communications system 300 may include a core net-
work 305 (e.g., NGC), and base stations or supported
devices splitinto one or more support entities (e.g., func-
tionalities) for promoting wireless backhaul density in col-
laboration with NR communication access. Aspects of
the supporting functionalities of the base stations may
be referred to as IAB nodes.

[0072] Wireless communications system 300 may in-
clude anlAB donornode splitinto associated base station
CU 310 and DU 315 entities, where DUs 315 associated
with the IAB donor node may be partially controlled by
the associated CU 310. CUs 310 of IAB donor nodes
may host layer 3 (L3) (e.g., RRC, service data adaption
protocol (SDAP), PDCP, etc.) functionality and signaling.
Further CUs 310 of IAB donor nodes may communicate
with core network 305 over, forexample, an NG interface
(which may be an example of a portion of a backhaul
link). DUs 315 may host lower layer, such as layer 1 (L1)
andlayer 2 (L2) (e.g., RLC, MAC, PHY, etc.) functionality
and signaling. A DU 315 entity of an IAB donor node may
support one of multiple serving cells of the network cov-
erage according to connections associated with back-
haul and access links of the IAB network. DUs 315 of the
IAB donor node may control both access links and back-
haullinks within the corresponding network coverage and
may provide controlling and scheduling for descendant
(e.g., child) relay IAB nodes 320 and/or UEs 115.
[0073] Relay IAB nodes 320 may be split into associ-
ated MT and DU entities. MT functionality (e.g., UEF) of
the relay IAB nodes 320 may be controlled and/or sched-
uled by antecedent IAB nodes (e.g., by an IAB donor or
another IAB node as its parent node) of the established
connectivity via access and backhaul links of a coverage
area. DUs associated with a relay IAB node 320 may be
controlled by MT functionality of the node. In addition,
DUs of the IAB nodes 320 may be partially controlled by
signaling messages from CU 310 entities of associated
IAB donor nodes of the network connection (e.g., via an
F 1-AP). The DUs of the IAB nodes 320 may support one
of multiple serving cells of the network coverage area.
DU functionality (e.g., ANF) may schedule child IAB
nodes and UEs, and may control both access links and
backhaul links under its coverage.

[0074] Each relay node may include at least one MT
function and one DU. The relay may connect to a parent
relay node or a donor node via each MT function, and
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may further support connections to UEs 115 and child
relay nodes via the DU. In some cases, all DUs on relay
nodes and donor nodes may be connected to a central-
ized donor CU (e.g., CU 310), which may hold a network
management function, or be connected to a network
management function. The network management func-
tion may support link management, route management,
topology management, resource management, etc. for
the wireless communications system 300 (e.g., the IAB
network). The connection between DUs across wireless
backhaul links may use a modified form of the F 1 protocol
(e.g., F1*). Each relay node MT function may include a
RRC connection to the CU 310. Further, each relay node
DU may include a F1* control plane connection to the
CU 310. In this manner, the network management func-
tion may support link configuration, route configuration,
and resource configuration tasks for the wireless back-
haul topology.

[0075] Wireless communications system 300 may em-
ploy relay chains for communications within the IAB net-
work architecture. For example, an IAB donor may sup-
port a primary backhaul link and one or more secondary
(e.g., parallel or backup) backhaul links to relay IAB
nodes 320. The IAB donor may further support one or
more access links to additional devices (e.g., UEs 115)
or entities of the network. In addition, MT functionality of
each of the one or more relay IAB nodes 320 and UEs
115 may be configured to support network connectivity
to multiple parent nodes via access and backhaul links
associated with coverage areas of the IAB network.
[0076] For a relay IAB node to support multiple paths
to the CU 310, the relay IAB node may hold multiple MT
functions (e.g., multiple MTs). For example, relay IAB
node 320-a may support a single MT function (e.g., and
may have a single path, or backhaul link, to CU 310),
relay IAB node 320-b may supporttwo MT functions (e.g.,
and may have two paths, or two backhaul links, to CU
310), and relay IAB node 320-d may support a three MT
functions (e.g., and may have three paths, or three back-
haul links, to CU 310). In cases where a relay IAB node
320 supports multiple MT functions, each MT function
may support connectivity to a different parent node. For
example, for IAB relay node 320-b, a first MT function
may establish a first backhaul link through a first parent
node (e.g., DU 315-a) and a second MT function may
establish a second backhaul link through a second parent
node (e.g., DU 315-b). As another example, for IAB relay
node 320-d, afirst MT function may establish a first back-
haul link through a first parent node (e.g., IAB node 320-
a), a second MT function may establish a second back-
haul link through a second parent node (e.g., DU 315-a),
and a third MT function may establish a third backhaul
link through a third parent node (e.g., IAB node 320-c,
and eventually through DU 315-a or DU 315-b after relay
by IAB node 320-c).

[0077] In such a manner, IAB nodes supporting multi-
ple MT functions may support topological redundant
paths in the wireless communications system 300. In
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some cases, a network management function (e.g., as-
sociated with CU 310) may configure multiple paths (e.g.,
multiple backhaul links) to be used in parallel or simulta-
neously (e.g., such as for relay IAB node 320-b). As dis-
cussed herein, use of parallel or simultaneous backhaul
links may refer to operation of backhaul links in conjunc-
tion with each other (e.g., whether using each link for
redundant communication of backhaul information, using
each link forload balancing of backhaul information, etc.).
As such, parallel backhaul link operation may refer back-
haul links being active and available for backhauling, and
may not necessarily imply both backhaul links must con-
vey the same information at the same instance in time.
In other cases, the network management function (e.g.,
associated with CU 310) may configure backup paths
(e.g., orbackup backhaullinks) tobe usedin cases where
the established backhaul link deteriorates, or an im-
proved backhaul link is identified by the IAB relay node
or network management function. For example, relay IAB
node 320-c may backhaul communications through DU
315-b, but may be configured (e.g., by the network man-
agement function) with a backup backhaul link through
DU 315-a. For example, the network management func-
tion may configure multiple MT function of a relay node
to connect to different parent nodes to simultaneously
use all link (e.g., backhaul links) the relay node has with
its multiple parents, or the network management function
may configure the relay node to only use a subset and
keep the other links for backup purposes (e.g., shown as
dotted lines).

[0078] Multi-path connectivity via such multiple back-
haul links may provide robustness to radio link failure on
backhaullinks (e.g., on deteriorating backhaul links). Fur-
ther, capacity optimization though load balancing across
the multiple backhaul paths may also be realized (e.g.,
to increase backhaul throughput, reduce latency associ-
ated with backhaul over a single backhaul link, etc.). In
order for a network management function to coordinate
and configure multiple backhaul links (e.g., for relay
nodes supporting multiple MT functions), the manage-
ment function may first become away that a relay node
supports such multiple MT functionality (e.g., and is
therefore capable of multi-connected cellular backhaul).
[0079] Multiple MT functions residing on one relay
node may have different properties (e.g., different MT
functions of arelay node may cover different angular sec-
tors, support different frequency bands, have different
power levels, etc.). Further, MT functions and DUs resid-
ing on the same relay node may have a relationship with
each other (e.g., an MT and a DU may share a same
antenna panel). Further, multiple MTs with different an-
tenna panels may have limited antenna isolation, which
may affect resource allocation for simultaneous (e.g.,
parallel) operation. To take full advantage of the multitude
of MTs collocated on a relay (e.g., to maximize backhaul
efficiency in wireless communications system 300), the
network management function may be made aware of
such aspects, and may have a means to configure multi-
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MT utilization accordingly.

[0080] A first MT function of a relay IAB node (e.g.,
relay IAB node 320-d) may establish a backhaul link with
afirst parent (e.g., IAB node 320-a) and transmit a list of
MT-identifiers for the MTs supported (e.g., identification
of the MT function(s) supported) to a network manage-
ment function (e.g., via a first backhaul link to IAB node
320-a). In this manner, each MT function may be individ-
ually addressed by the network management function.
In some cases, the relay IAB node 320-d may provide
further details on the capabilities of each MT, inter-MT
relations, etc. In some examples, the network manage-
ment function may transmit a measurement configura-
tion, to the first MT of IAB node 320-d via the first backhaul
link, for a second MT function of IAB node 320-d. For
example, the measurement configuration may include an
identifier of the second MT function, one or more parent
nodes to be measured by the second MT function, meas-
urements to be received (e.g., RSSI, RSRP, etc.), etc.
The second MT function of the IAB node 320-d may per-
form the measurements (e.g., of the indicated parent
node(s), or of all detected parent nodes), and the IAB
node 320-d may transmit a measurement report (e.g.,
including measurements received by the second MT
function of the IAB node 320-d) to the network manage-
ment function (e.g., via the first backhaul link to IAB node
320-a). That s, the MT functions of an IAB node may be
in communication with each other (e.g., the first MT func-
tion of IAB node 320-d may pass the measurement con-
figuration to the second MT function of IAB node 320-d,
and the second MT function of IAB node 320-d may pass
the measurement results, or measurement report, back
to the first MT function of IAB node 320-d (e.g., for the
first MT function to transmit to the network management
function).

[0081] The network management function may then
select a second parentnode (e.g., for a second backhaul
link with the second MT function of IAB node 320-d)
based on the received measurementreport. The network
management function may transmit a configuration for a
second link to the second MT to IAB node 320-d over the
first backhaul link (e.g., via the first MT of IAB node 320-
d). The second MT of IAB node 320-d may then establish
a second backhaul link (e.g., to the network management
function through IAB node 320-c) based on the received
backhaul link configuration.

[0082] In other examples, MT functions of IAB nodes
may establish links with parent nodes autonomously
(e.g., according to IAB node settings, without configura-
tion from a parent node or network managementfunction,
etc.). In such cases, a first MT function of a relay IAB
node (e.g., relay IAB node 320-d) may establish a first
backhaul link with a first parent (e.g., IAB node 320-a)
and may establish a relay identifier (e.g., an identifier of
the relay IAB node 320-d) with the network management
function (e.g., through the first backhaul link). A second
MT function of the relay IAB node 320-d may conduct
signal strength measurements of other parent nodes
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(e.g., DU 315-a, IAB node 320-b, IAB node 320-c, etc.)
and select a second parent node (e.g., IAB node 320-c)
based on a parent-selection policy (e.g., criteria of the
IAB node 320-a for parent selection, such as the strong-
est detected parent node, a parent node with a signal
strength above a threshold, etc.). The IAB node 320-d
may then connect to the second parent node, IAB node
320-c, and transmit the relay identifier to the network
management function through the second backhaul link
to IAB node 320-c. As such, the network management
function may associate the second MT function with the
same relay node as the first MT function (e.g., by com-
paring the relay identifiers received over each backhaul
link, identifying the two relay identifiers are associated
with a single relay node, etc.). The network management
function may then transmit (e.g., via the first backhaul
link to the first MT function) a configuration for the second
link from a second MT function to a second parent (IAB
node 320-c). The second MT function may establish the
second link and use it for backhauling (e.g., in accord-
ance with the backhaul link configuration).

[0083] Additional detail of the options for handling
awareness and coordinated configuration of multi-MT re-
lay nodes described above are discussed in more detail
below. For example, in one scenario the management
function may have explicit awareness and control over
multi-MT operation (e.g., as described in more detail be-
low with reference to FIGs. 4 and 5). In another scenario,
the relay node may autonomously establish multi-MT
connectivity based on preconfigured parent-selection
policies (as described in more detail below with reference
to FIGs. 6 and 7). In either case, the network manage-
ment function may configure backhaul routes (e.g., back-
haul links) and resource configuration across the redun-
dant topology.

[0084] In either scenario (e.g., whether the manage-
ment function has explicit awareness and control over
multi-MT operation or the relay node autonomously es-
tablishes multi-MT connectivity), signaling messages be-
tween the MT functions of the relay node and the network
management function (e.g., such as MT capability re-
ports transmitted by a relay node, measurement config-
urations transmitted by a network management function,
measurement reports transmitted by a relay node, back-
haul link configurations transmitted by a network man-
agement function, etc.) may, in some cases, use RRC
signaling. In some cases, signaling messages between
the MT functions of the relay node and the network man-
agement function may use F 1 protocol or non-access
stratum (NAS) protocols. In some examples, the links
may use cellular RATs (e.g., suchas NRorLTE). Insome
examples, therelay node may also hold a full base station
(e.g., a full gNB) rather than solely a DU (e.g., a gNB-
DU). The relay node may also hold an eNB, or a DU of
an eNB, which may be connected via the multi-hop wire-
less backhaul with a CU of an eNB. In some cases, the
wireless links between relay node and parent nodes may
include a RLC channel. The RLC channel may include
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an adaptation layer, which may be used, for example, for
routing.

[0085] In some examples, any communication be-
tween the network management function and a second
MT of the relay node via the first MT of the relay node
may occur via a container (e.g., or field) inserted into a
message between the network management function
and the first MT. In some cases, communication between
the network management function and a second MT of
the relay node via the first MT (e.g., the container) may
include an identifier of the second MT. In some cases,
the configuration of routes, route utilization, link utiliza-
tion, and resource allocation among multiple upstream
links supported by arelay node may be decided and con-
figured by the network management function. The net-
work management function may be a part of a gNB, gNB-
CU, eNB, eNB-CU, or a core network (e.g., such as an
EPC or NGC). In some cases, the network management
function may be collocated with these nodes or functions.
In some cases, the network management function may
have an interface to these nodes or functions. In some
cases, the interface to these nodes or functions may be
transparent to the MTs communicating with the network
management function.

[0086] FIG. 4 illustrates an example of a flowchart 400
that supports relay nodes with multi-connected cellular
backhaul in accordance with one or more aspects of the
present disclosure. In some examples, flowchart 400
may implement aspects of wireless communications sys-
tem 100, wireless communications system 200, and/or
wireless communications system 300. For example,
flowchart 400 may illustrate operations of a network man-
agement function and a relay node (e.g., an intermediary
IAB node), as described with reference to FIGs. 1 through
3. Specifically, flowchart 400 may illustrate a network
management function having explicit awareness and
control over multi-MT operation. As discussed, mecha-
nisms for performing one or more processes of the de-
scribed techniques may be performed by a network man-
agement function, as well as a first MT function or first
MT entity (e.g., a UEF) and a second MT function or
second MT entity of arelay node. However, the described
techniques may be extended to additional MT functions
supported by a relay node by analogy, without departing
from the scope of the present disclosure.

[0087] At405, arelay node may, using a first MT func-
tion, select a first parent node (e.g., a parent relay node,
a DU of a donor node, etc.) based on a parent selection
policy. For example, the parent selection policy may be
identified in system information, may be preconfigured
on the relay node, etc. In some cases, the relay node
may connect to the network once to retrieve the parent
selection policies from operations, administration, and
maintenance (OAM) functions, or other sources.

[0088] At 410, the first MT function of the relay node
may establish a first link (e.g., a first backhaul link) to the
selected parent node.

[0089] At415, the first MT function may transmit a sig-



29 EP 3 854 004 B9 30

naling message to the network management function.
The message may include a relay identifier (e.g., aniden-
tification of the relay node) and list of MT-identifiers of
MTs supported by the relay node (e.g., identification(s)
of one or more of the supported MT functions). As such,
each MT may be individually addressed by the manage-
ment function. Alternatively, the first MT may send arelay
identifier and the number of MTs supported. In this case,
the relay identifier along with the MT index may allow for
the network management function to still uniquely identify
the MTs (e.g., using a combination of the relay identifier
and the MT index). In some cases, the relay identifier
may be assigned by the network (e.g., by the network
management function), and the MT may provide the
number of MTs supported.

[0090] The first MT may provide details on the capa-
bilities of each MT (e.g., RATSs, frequency bands, power
class, angular coverage range in azimuth and elevation
direction, number of antenna panels supported, etc.). For
example, the first MT may transmit a capability report
(e.g., including capabilities of each supported MT func-
tion) to the network management function via the first
backhaul link. Such may enable the network manage-
ment function to process and understand the limitations
of the relay node for multi-MT operation. In some cases,
the first MT may further provide details on inter-MT rela-
tion (e.g., such as inter-MT antenna isolation, azimuth or
elevation range overlap, etc.). In some cases, the first
MT may further provide details on the number of DUs
supported by the relay, may provide relation between
MTs and DUs (e.g., if an MT shares an antenna panel
with a DU), etc. The first MT may provide some or all of
such information, for example, via RRC to the network
management function.

[0091] At420, the relay node may use the first wireless
link for backhauling access or backhaul traffic of collo-
cated DUs.

[0092] At425, the network management function may
decide to activate an additional MT function (e.g., a sec-
ond MT function) of the relay node and may select a
parent of the second MT function. The network manage-
ment function may convey such to the relay node by
transmitting a measurement configuration message to
the first MT, which may define measurement events to
be reported by the second MT (e.g., to the network man-
agement function via the first MT of the relay node). The
measurement configuration message may specify a
measurement configuration explicitly for a specific MT
(e.g., by including an MT identifier or MT index in the
configuration). Alternatively, configurations may implicit-
ly apply to all or a subset of the MTs supported by the
relay node. The subset of MTs may also, in some cases,
be specified in the configuration message.

[0093] At430, the second MT may conduct measure-
ments based on the measurement configuration and up-
on an event trigger. The first MT may report the meas-
urements (e.g., performed by the second MT) to the man-
agement function (e.g., to the gNB-CU) while indicating
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the second MT has conducted the measurement. In
some cases, the measurement configuration may be
transmitted via RRC.

[0094] At 435, the network management function may
(e.g., based on the measurement report) decide to acti-
vate the second MT and may select a second parent
relay, under the control of the network management func-
tion, for the second MT. The network management func-
tion may transmit a signaling message (e.g., a backhaul
link configuration message) to the first MT with a config-
uration for the second MT. The configuration for the sec-
ond MT may include an identifier for the second MT, as
well as other link and route configuration information for
the second MT. In some cases, the configuration may
use RRC (e.g., the backhaul link configuration may be
transmitted in a RRC Reconfiguration message).
[0095] At 440, the second MT may establish a link as
specified in the backhaul link configuration message. In
some cases, as part of the link establishment, the second
MT may authenticate at the network. The second MT
may further report capabilities in the same or similar man-
ner as the first MT reported its capabilities.

[0096] At 445, based on the backhaul link configura-
tion, the relay node may then use the second wireless
link for backhauling of access or backhaul traffic of col-
located DUs, or it may further use both wireless links
simultaneously for the backhauling of access or backhaul
traffic of collocated DUs. The backhaul link configuration
may further specify for the relay node to use the first link
for one subset of collocated DUs and the other link for
another subset of collocated DUs.

[0097] FIG. 5 illustrates an example of a process flow
500 that supports relay nodes with multi-connected cel-
lular backhaul in accordance with one or more aspects
of the present disclosure. In some examples, process
flow 500 may implement aspects of wireless communi-
cations system 100, wireless communications system
200, and/or wireless communications system 300. For
example, process flow 500 may include a relay node 505,
a parent node 510-a, a parent node 510-b, and a CU
310-a, which may be examples of corresponding func-
tionality of an IAB network architecture (e.g., such as a
network device 105 or base station 105, relay node 320,
DU 315, CU 310), as described with reference to FIGs.
1 through 4. Process flow 500 may illustrate a network
management function becoming aware of multi-MT sup-
port by a relay node (e.g., relay node 505), as well as
network management function control over multi-MT op-
eration (e.g., operation of MT 515-a and MT 515-d). In
the following description of the process flow 500, the op-
erations between the relay node 505, parent nodes 510,
and a network management function (e.g., CU 310-a, or
some network management function or network man-
agement function entity in communication with CU 310-
a) may be transmitted in a different order than the exem-
plary order shown, or the operations performed by relay
node 505, parent node 510-a, parent node 510-b, and
the network management function may be performed in
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different orders or at different times. In some cases, cer-
tain operations may also be left out of the process flow
500, or other operations may be added to the process
flow 500.

[0098] Process flow 500 may illustrate a relay node
505 in communication with a network management func-
tion via a first wireless backhaul link between a first MT
function (e.g., MT 515-a) and afirst parent or control node
(e.g., parent node 510-a). Process flow 500 further illus-
trates network management function configuration of a
second wireless backhaul link (e.g., using the multiple
MT functionality of the relay node 505) between a second
MT function (e.g., MT 515-d) and a second parent or
control node (e.g., parent node 510-b). That is, parent
node 510-a and parent node 510-b may each refer to
either a parent relay node (e.g., which may include both
MT functionality and a DU 520) or a donor node (e.g.,
which may include a DU 520 and may be directly con-
nected to CU 310-a, or in some cases may include CU
310-a). In cases where parent node 510-a and/or parent
node 510-b refer to a parent relay node, the parent relay
node may include MT functionality that may further relay
to, or serve as a midpoint in the link to, a donor node.
That is, parent node 510-a and parent node 510-b may
each refer to a parent node of relay node 505, and may
referto a parentrelay node or a donor node, as described
herein, and may each provide a link from relay node 505
to a network management function (e.g., CU 310-a).
[0099] DU 520-a associated with arelay node 505 may
be partially controlled and/or scheduled by MT 515-a
and/or MT 515-d. DU 520-a may host lower layer, such
as L1 and L2 (e.g., RLC, MAC, PHY, etc.), functionality
and signaling. Relay node 505 may be a descendant
(e.g., child) noderelative to parent node 510-a and parent
node 510-b along two different paths within the relay
chain. Further, relay node 505 may include MT 515-a,
which may be controlled and/or scheduled by DU 520-b
of parent node 510-a via access and backhaul links of
the IAB network, and may further include MT 515-d,
which may be controlled and/or scheduled by DU 520-c
of parent node 510-b via access and backhaul links of
the IAB network. In addition, in some cases (e.g., when
parentnode 510-a and parentnode 510-b are both parent
relay nodes), DU 520-b and DU 520-c may be partially
controlled and/or scheduled by signaling messages from
a CU 310-a of an IAB donor (e.g., via an F1-AP). Parent
node 510-a may support one or more wireless backhaul
and/or access links within the relay chain, providing net-
work services to one or more descendant devices
throughout the network (e.g., such as relay node 505).
Parent node 510-b may support one or more wireless
backhaul and/or access links within the relay chain, pro-
viding network services to one or more descendant de-
vices throughout the network (e.g., such as relay node
505).

[0100] At 505, relay node 505 may establish a first
backhaul link (BL) between the first MT function (e.g.,
MT 515-a) and a first parent node (e.g., parent node 510-
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a). In some cases, the first backhaul link may be estab-
lished based on the relay node 505 measuring, using the
MT 515-a, one or more parent nodes, and selecting par-
ent node 510-a based on a parent-selection policy. The
first backhaul link may connectrelay node 505 (e.g., spe-
cifically MT 515-a) to a network management function
(e.g., CU 310-a) through parent node 510-a. As dis-
cussed above, in some cases, parent node 510-a may
be a parent relay node, or a DU associated with a donor
node. That is, parent node 510-a may generally refer to
afirstnode, in communication with relay node 505, under
the control of the management control function, or CU
310-a.

[0101] At 510, relay node 505 may transmit, via the
first backhaul link using MT 515-a, a capability report to
the network management function. The capability report
may include capabilities of the relay node in terms of MT
functionality (e.g., a number of MT functions supported,
identifiers of the MTs supported, isolation between dif-
ferent MT functions, etc.) as well as capabilities of indi-
vidual MT functions (e.g., such as RATs supported by a
second MT function, frequency bands supported by the
second MT function, azimuth and elevation patterns sup-
ported by the second MT function, etc.). For example,
the capability report may include an identifier of MT 515-
d, one or more RATs supported by MT 515-d, one or
more frequency bands supported by MT 515-d, azimuth
and elevation patterns supported by MT 515-d, RF ca-
pabilities of MT 515-d, isolation between MT 515-a and
MT 515-d, an identifier of the relay node 505, a list of
supported MT functions (e.g., identifiers of MT 515-a, MT
515-d, and any other MTs supported by relay node 505),
etc.

[0102] At 515, the network management function may
identify a measurement configuration for MT 515-d based
on the received capability report. For example, the net-
work management function may consider the capabilities
of relay node 505 (e.g., and MT 515-d) and may identify
parent nodes (e.g., parent node 510-b) for the MT 515-
dto measure. In general, the measurement configuration
may include identification of MT functions to perform
measurements, identification of parent nodes to be
measured, identification of measurements to be taken
(e.g., RSSI measurements, RSRP measurements, etc.),
etc. For example, in cases where relay node 505 indi-
cates several MT functions (e.g., more than two MT func-
tions) in the capability report, the measurement configu-
ration may identify parent nodes to be measured and
measurements to be received by more than one MT. The
measurement configuration may indicate (e.g., viaan MT
identifier, that may have been included in the capability
report) which MT functions are to perform measure-
ments, which measurement are to be performed, which
parent nodes each MT function should measure, etc.
[0103] At 520, the network management function may
transmit, via the first backhaul link, the identified meas-
urement configuration to the MT 515-a.

[0104] At 525, the relay node may perform, using MT
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515-d, one or more measurements of parent node 510-
b according to the measurement report received at 520.
For example, MT 515-a may receive the measurement
configuration and may pass the measurement configu-
ration to MT 515-d (e.g., as the MT 515-a and MT 515-
d may be connected and in communication within the
relay node 505). The relay node 505 may thus perform,
using MT 515-d, measurements of parent node 510-b
based at least in part on the measurement configuration.
[0105] At530, the relay node may transmit a measure-
ment report, including the measurement information re-
ceived by MT 515-d, to the network management func-
tions via the first backhaul link to parent node 510-a. For
example, MT 515-d may perform measurements and
pass measurement reporting information to MT 515-a
(e.g., as the MT 515-d and MT 515-a may be connected
and in communication within the relay node 505), and
the MT 515-a may transmit the measurement report to
parent node 510-a.

[0106] At535, the network management function may
identify a backhaul link configuration (e.g., for the relay
node 505 via MT 515-d) based at least in part on the
measurement report received at 530. For example, the
network management function may identify which parent
node(s) additional MTs of the relay node should connect
to, whether the additional backhaul links will be operated
in parallel with the first backhaul link, as a backup to the
first backhaul link, etc. In some cases, the network man-
agement function may determine second backhaul link
route utilization information, second backhaul link utiliza-
tion information, second backhaul link resource alloca-
tion information, etc. based on the received measure-
ment report.

[0107] At 540, the network management function may
transmit, via the first backhaul link, the identified backhaul
link configuration for the MT 515-d to the MT 515-a (e.g.,
via parent node 510-a). In some cases, the backhaul link
configuration may include information regarding second
backhaul link establishment and operation (e.g., identifi-
cation of a second parent node to connect to, route uti-
lization information, link utilization information, resource
allocation information, etc.).

[0108] At 545, the network management function may
optionally transmit a routing configuration, indicating how
the first backhaul link and the second backhaul link
should be used (e.g., in parallel, as primary and backup
backhaul links, etc.). In some cases, the routing config-
uration information may be included in the backhaul link
configuration transmitted at 540 (e.g., in some cases, the
information of 545 may be included in 540, and not as a
separate message or transmission).

[0109] At550, MT 515-d may establish a second back-
haul link between the second MT function (e.g., MT 515-
d) and the second parent node (e.g., parent node 510-
b). The second backhaul link may connect relay node
505 (e.g., specifically MT 515-d) to a network manage-
ment function (e.g., CU 310-a) through parent node 510-
b. As discussed above, in some cases parent node 510-
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b may be a parent relay node, or a DU associated with
a donor node. That is, parent node 510-b may generally
refer to a first node, in communication with relay node
505, under the control of the management control func-
tion, or CU 310-a.

[0110] As such, relay node 505 may operate in a multi-
connected cellular backhaul state (e.g., with multiple
backhaul connections to the network management func-
tion). The network management function may coordinate
the multiple backhaul links associated with relay node
505. For example, a routing configuration (e.g., of 545)
may update or reconfigure the first and/or second back-
haul link such that the usage of one or both of the first
and second backhaul links may be dynamically adjusted
by the network management function (e.g., according to
changing conditions of the backhaul links, changing con-
ditions of the amount or priority of backhaul traffic, etc.).
[0111] FIG. 6 illustrates an example of a flowchart 600
that supports relay nodes with multi-connected cellular
backhaul in accordance with one or more aspects of the
present disclosure. In some examples, flowchart 600
may implement aspects of wireless communications sys-
tem 100, wireless communications system 200, and/or
wireless communications system 300. For example,
flowchart 600 may illustrate operations of a network man-
agement function and a relay node (e.g., an intermediary
IAB node), as described with reference to FIGs. 1 through
3. Specifically, flowchart 600 may illustrate autonomous
establishment of multi-MT connectivity based on precon-
figured parent-selection policies, and network manage-
ment function coordinated backhaul configuration (e.g.,
in cases where multiple MT functions associated with a
same relay node autonomously connect to a same net-
work management function over two or more backhaul
links). As described, mechanisms for performing one or
more processes of the described techniques may be per-
formed by a network management function, as well as a
first MT function or first MT entity (e.g., a UEF) and a
second MT function or second MT entity of a relay node.
However, the described techniques may be extended to
additional MT functions supported by a relay node by
analogy, without departing from the scope of the present
disclosure.

[0112] At 605, arelay node may, using a first MT func-
tion, select a first parent node (e.g., a parent relay node,
a DU of a donor node, etc.) based on a parent selection
policy. For example, the relay node may identify the par-
ent selection policy in system information. In other cases,
the parent selection policy may be preconfigured. In
some cases, the relay node may connect to the network
once to retrieve the parent selection policies from OAM
functions, or other sources.

[0113] At 610, the first MT function of the relay node
may establish a first link (e.g., a first backhaul link) to the
selected parent.

[0114] At 615, the first MT function of the relay node
may send a relay identifier (e.g., an identifier of the relay
node) to the network management function during the
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link establishment procedure. In some cases, the relay
identifier may be provided by the network (e.g., the net-
work management function may establish the relay iden-
tifier, and may inform the relay node of its relay identifier
during the link establishment procedure). In some exam-
ples, the first MT may further transmit capabilities of ad-
ditional MTs (e.g., in a capabilities report including a
number of MTs supported, capabilities of the MTs, etc.,
as described herein) of the relay node to the network
management function. In some cases, the relay identifier
and/or the capabilities report may be transmitted using
an RRC message. In some cases, the first MT function
may receive, from the network management function, a
policy or a request for the activation of further MTs.
[0115] At620, The relay node may use the established
first wireless link for the backhauling of access of back-
haul traffic of collocated DUs.

[0116] At 625, using a second MT function, the relay
node may measure and select a second parent relay
node (e.g., based on parent-selection policies). The relay
node may then establish a second backhaul link with the
selected parent node. In some cases, the measurements
(e.g., and selection) may be based on signal strength
(e.g., of measurements associated with the different par-
ent nodes). In some cases, the parent-selection policies
used by the second MT function may be different than
parent-selection policies used by the first MT.

[0117] At 630, The second MT function of the relay
node may establish a second backhaul link to the select-
ed parent node.

[0118] At635, during the link establishment procedure,
the second MT function may send the relay identifier to
the network management function (e.g., the resource
management function). In some cases, the second MT
function may transmit the relay identifier using RRC sig-
naling.

[0119] If the same network management function sup-
ports both parents, the network management function
may derive or identify that the first MT and second MT
reside on the same relay node, and may further identify
that the relay node is thus dual-connected. For example,
the network management function may receive the relay
identifier, from the first MT function, over the first back-
haul link and may also receive the relay identifier, from
the second MT function, over the second backhaul link.
As such, the network management function may deter-
mine that the two received relay identifiers are associated
with the same relay node, and that the relay node is thus
dual-connected, via two MT functions of the relay node,
overtwo backhaul links to the network management func-
tion.

[0120] The network management function may there-
fore be capable of performing further configuration oper-
ations for each MT function of the relay node. For exam-
ple, the network management function may configure
which MT function of the relay node carries traffic, wheth-
erthe two backhaul links are to be used in parallel, wheth-
er one backhaul link is to be reserved as a backup back-
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haul link, etc. In some cases, each MT function may (e.g.,
at 610 and 630) send their respective MT identifiers dur-
ing link establishment. In such cases, the network man-
agement function may include an identifier of the MT
function, of which it is configuring, in the configuration
sent to the MT. As such, for example, the network man-
agement function may transmit a configuration for the
second MT (e.g., by including the second MT function
identifier in the backhaul link configuration message)
over the first link, and the relay node may identify the
backhaul link configuration is for the second MT function.
[0121] In scenarios where different network manage-
ment functions support the two parent nodes (e.g., dif-
ferent management functions support the first and sec-
ond parent nodes that the relay node autonomously con-
nected to), each of the network management functions
may consider the relay node single-connected. As such,
each of the network management functions may perform
further configuration operations for one of the two MT
functions. To avoid conflicting configuration, such as
same resource assignment for both links, the MT function
may provide different capabilities (e.g., such as different
bands supported) on each link. In some cases, the MT
may also use one of the links as a backup link only. Fur-
ther, the relay node may also identify or differentiate if
the MT functions are connected to the same or different
network management functions (e.g., if the two parent
nodes that the relay node’s two MT functions are con-
nected to are supported by the same or different network
management functions). For this purpose, the topology
and resource management function may provide its own
identifier (e.g., a network management function identifier
or a network identifier) to each respective MT function of
the relay node. The relay node may then compare the
network management function identifiers received over
each of its MT functions, and identify or determine wheth-
er the relay node is dual-connected to a single network
management function (e.g., if the network identifiers in-
dicate a same network management function) or single-
connected to two network management functions (e.g.,
if the network identifiers indicate different network man-
agement functions).

[0122] At640, based on configuration received at 635,
the relay node may then use the second wireless link for
the backhauling of access traffic or backhaul traffic of
collocated DUs, or the relay node may use both wireless
links simultaneously (e.g., in parallel) for the backhauling
of access or backhaul traffic of collocated DUs. In some
cases, the configuration may further specify whether the
relay node is to use the first link for one subset of collo-
cated DUs and the other link for another subset of collo-
cated DUs (e.g., in some cases, the configuration may
divide backhauling over the two backhaul links by assign-
ing backhaul of certain collocated DUs to each link).
[0123] FIG. 7 illustrates, falling under the scope of the
claimed invention, an example of a process flow 700 that
supports relay nodes with multi-connected cellular back-
haul in accordance with one or more aspects of the
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present disclosure. In some examples, process flow 700
may implement aspects of wireless communications sys-
tem 100, wireless communications system 200, and/or
wireless communications system 300. For example,
process flow 700 may include a relay node 705, a parent
node 710-a, a parent node 710-b, and a CU 310-b, which
may be examples of corresponding functionality of an
IAB network architecture (e.g., such as a network device
105 or a base station 105, relay node 320, DU 315, CU
3 10), as described with reference to FIGs. 1 through 4.
Process flow 700 may illustrate a network management
function becoming aware of multi-MT support by a relay
node, as well as network management function control
over multi-MT operation. In the following description of
the process flow 700, the operations between the relay
node 705, parentnodes 710, and a network management
function (e.g., CU 310-a, or some network management
function or network management function entity in com-
munication with CU 310-a) may be transmitted in a dif-
ferent order than the exemplary order shown, or the op-
erations performed by relay node 705, parent node 710-
a, parent node 710-b, and the network management
function may be performed in different orders or at dif-
ferent times. In some cases, certain operations may also
be left out of the process flow 700, or other operations
may be added to the process flow 700.

[0124] At705, relay node 705 may (e.g., autonomous-
ly) establish a first backhaul link between the first MT
function (e.g., MT 715-a) and a first parent node (e.g.,
parent node 710-a). In some cases, the first backhaul
link may be established based on the relay node 705
measuring, using the MT 715-a, one or more parent
nodes, and selecting parent node 710-a based on a par-
ent-selection policy. The first backhaul link may connect
relay node 705 (e.g., specifically MT 715-a) to a network
management function (e.g., CU 310-b) through parent
node 710-a. As discussed above, in some cases parent
node 710-a may be a parent relay node or a DU associ-
ated with a donor node. That is, parent node 710-a may
generally referto afirstnode, incommunication with relay
node 705, under the control of the network management
function (e.g., management control function), or CU 310-
b.

[0125] At710, relay node 705 may (e.g., autonomous-
ly) establish a second backhaul link between the second
MT function (e.g., MT 715-d) and a second parent node
(e.g., parent node 710-b). In some cases, the second
backhaullink may be established based on the relay node
705 measuring, using the MT 715-d, one or more parent
nodes, and selecting parent node 710-b based on a par-
ent-selection policy (e.g., which may be the same parent-
selection policy or a different parent-selection policy used
by MT 715-a). The second backhaul link may connect
relay node 705 (e.g., specifically MT 715-d) to a network
management function (e.g., CU 310-b) through parent
node 710-b. As discussed above, in some cases parent
node 710-b may be a parent relay node, or a DU asso-
ciated with a donor node. That is, parent node 710-b may
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generally refer to a second node, in communication with
relay node 705, under the control of the management
control function, or CU 310-b.

[0126] At 715, the relay node 705 exchanges an iden-
tifier of the relay node, using MT 715-a, with the network
management function. In some cases, the network man-
agement function may generate a relay identifier for the
relay node 705 (e.g., during link establishment at 705)
and may transmit the relay identifier to the MT 715-a. In
other cases, relay node 705 may identify a relay identifier
(e.g., based on a node identification number) and trans-
mit the relay identifier to the network management func-
tion (e.g., via the first backhaul link to parent node 710-a).
[0127] At 720, relay node 705 then, using MT 715-d,
transmit the same relay identifier (e.g., identified or re-
ceived at 715) to the network management function via
the second backhaul link to parent node 710-b.

[0128] At 725, the network management function re-
ceives the relay identifier over the two links (e.g., from
parent node 710-a and parentnode 710-b) and may iden-
tify the relay node 705 is dual-connected to the network
management function (e.g., the network management
function may identify the two relay identifiers received
over the two links are associated with the same relay
node 705 and may deduce that relay node 705 is dual-
connected to the network management function.

[0129] At 730, the network management function may
coordinate use of the first and second backhaul links
based on the identification that the relay node 705 is dual-
connected to the network management function. For ex-
ample, the network management function may identify a
backhaul link configuration for the second connected MT
(e.g., MT 715-d).

[0130] At 735, the network management function
transmits a backhaul link configuration to the MT 715-d
over the second link, or may transmit a backhaul link
configuration for the MT 715-d over the first link to MT
715-a, where the backhaul link configuration includes an
identifier ofthe MT 715-d (e.g., suchthatMT 715-a knows
the backhaul link configuration applies to MT 715-d, and
forwards the backhaul link configuration to MT 715-d). In
some cases, the first backhaul link may be additionally
or alternatively configured at 730 and 735. In general,
the network management function may coordinate con-
figuration of the first and second backhaul links upon de-
termination that the relay node 705 is dual-connected to
the network management function.

[0131] FIG. 8 shows a block diagram 800 of a device
805 that supports relay nodes with multi-connected cel-
lular backhaul in accordance with one or more aspects
of the present disclosure. The device 805 may be an
example of aspects of a relay node (e.g., such as arelay
network device 105 or a relay base station 105, a relay
IAB node 320, relay node 505, relay node 705) as de-
scribed herein. The device 805 may include a receiver
810, a communications manager 815, and a transmitter
820. The device 805 may also include a processor. Each
of these components may be in communication with one



39 EP 3 854 004 B9

another (e.g., via one or more buses).

[0132] The receiver 810 may receive information such
as packets, user data, or control information associated
with various information channels (e.g., control channels,
data channels, and information related to relay nodes
with multi-connected cellular backhaul, etc.). Information
may be passed on to other components of the device
805. The receiver 810 may be an example of aspects of
the transceiver 1120 described with reference to FIG. 11.
The receiver 810 may utilize a single antenna or a set of
antennas.

[0133] The communications manager 815 may trans-
mit, using a first mobile terminal function of the relay
node, a measurement report to a network management
function via a first backhaul link to a first parent node,
where the measurement report includes measurements
of a second parent node transmission. The communica-
tions manager 815 may receive, via the first backhaul
link using the first mobile terminal function of the relay
node, a backhaul link configuration for the second mobile
terminal function based on the transmitted measurement
report. The communications manager 815 may establish
a second backhaul link between the second mobile ter-
minal function of the relay node and the second parent
node based on the received backhaul link configuration.
[0134] The communications manager 815 may also
exchange, using a first mobile terminal function of the
relay node, an identifier of the relay node with a first net-
work management function via a first backhaul link to a
firstparentnode. The communications manager 815 may
transmit, using a second mobile terminal function of the
relay node, the identifier of the relay node to a second
network management function via a second backhaul link
to a second parent node. The communications manager
815 may receive a backhaul link configuration for the
second mobile terminal function based on the transmis-
sion of the identifier of the relay node to the first network
management function via the first backhaul link and the
transmission of the identifier of the relay node to the sec-
ond network management function via the second back-
haul link. The communications manager 815 may be an
example of aspects of the communications manager
1110 described herein.

[0135] The communications manager 815, or its sub-
components, may be implemented in hardware, code
(e.g., software or firmware) executed by a processor, or
any combination thereof. If implemented in code execut-
ed by a processor, the functions of the communications
manager 815, or its sub-components may be executed
by a general-purpose processor, a digital signal proces-
sor (DSP), an application-specific integrated circuit
(ASIC), a field-programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor
logic, discrete hardware components, or any combina-
tion thereof designed to perform the functions described
in the present disclosure.

[0136] The communications manager 815, or its sub-
components, may be physically located at various posi-
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tions, including being distributed such that portions of
functions are implemented at different physical locations
by one or more physical components. In some examples,
the communications manager 815, or its sub-compo-
nents, may be a separate and distinct component in ac-
cordance with various aspects of the present disclosure.
In some examples, the communications manager 815,
or its sub-components, may be combined with one or
more other hardware components, including but not lim-
ited to an input/output (I/O) component, a transceiver, a
network server, another computing device, one or more
other components described in the present disclosure,
or a combination thereof in accordance with various as-
pects of the present disclosure.

[0137] The transmitter 820 may transmit signals gen-
erated by other components of the device 805. In some
examples, the transmitter 820 may be collocated with a
receiver 810 in a transceiver module. For example, the
transmitter 820 may be an example of aspects of the
transceiver 1120 described with reference to FIG. 11.
The transmitter 820 may utilize a single antenna or a set
of antennas.

[0138] FIG. 9 shows a block diagram 900 of a device
905 that supports relay nodes with multi-connected cel-
lular backhaul in accordance with one or more aspects
of the present disclosure. The device 905 may be an
example of aspects of a device 805, or arelay node (e.g.,
such as arelay network device 105 or arelay base station
105, a relay IAB node 320, relay node 505, relay node
705) as described herein. The device 905 may include a
receiver 910, a communications manager 915, and a
transmitter 940. The device 905 may also include a proc-
essor. Each of these components may be in communi-
cation with one another (e.g., via one or more buses).
[0139] The receiver 910 may receive information such
as packets, user data, or control information associated
with various information channels (e.g., control channels,
data channels, and information related to relay nodes
with multi-connected cellular backhaul, etc.). Information
may be passed on to other components of the device
905. The receiver 910 may be an example of aspects of
the transceiver 1120 described with reference to FIG. 11.
The receiver 910 may utilize a single antenna or a set of
antennas.

[0140] The communications manager 915 may be an
example of aspects of the communications manager 815
as described herein. The communications manager 915
may include a measurementreport manager 920, a back-
haul link configuration manager 925, a backhaul link
manager 930, and a relay node ID manager 935. The
communications manager 915 may be an example of
aspects of the communications manager 1110 described
herein.

[0141] The measurement report manager 920 may
transmit, using a first mobile terminal function of the relay
node, a measurement report to a network management
function via a first backhaul link to a first parent node,
where the measurement report includes measurements
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of a second parent node transmission.

[0142] The backhaul link configuration manager 925
may receive, via the first backhaul link using the first mo-
bile terminal function of the relay node, a backhaul link
configuration for the second mobile terminal function
based on the transmitted measurement report.

[0143] The backhaul link manager 930 may establish
a second backhaul link between the second mobile ter-
minal function of the relay node and the second parent
node based on the received backhaul link configuration.
[0144] Therelay node ID manager 935 may exchange,
using a first mobile terminal function of the relay node,
an identifier of the relay node with a first network man-
agement function via a first backhaul link to a first parent
node and transmit, using a second mobile terminal func-
tion of the relay node, the identifier of the relay node to
a second network management function via a second
backhaul link to a second parent node.

[0145] The backhaul link configuration manager 925
may receive a backhaul link configuration for the second
mobile terminal function based on the transmission of
the identifier of the relay node to the first network man-
agement function via the first backhaul link and the trans-
mission of the identifier of the relay node to the second
network management function via the second backhaul
link.

[0146] The transmitter 940 may transmit signals gen-
erated by other components of the device 905. In some
examples, the transmitter 940 may be collocated with a
receiver 910 in a transceiver module. For example, the
transmitter 940 may be an example of aspects of the
transceiver 1120 described with reference to FIG. 11.
The transmitter 940 may utilize a single antenna or a set
of antennas.

[0147] FIG. 10 shows a block diagram 1000 of a com-
munications manager 1005 that supports relay nodes
with multi-connected cellular backhaul in accordance
with one or more aspects of the present disclosure. The
communications manager 1005 may be an example of
aspects of a communications manager 815, a commu-
nications manager 915, or a communications manager
1110 described herein. The communications manager
1005 may include a measurement report manager 1010,
a backhaul link configuration manager 1015, a backhaul
link manager 1020, a MT capability manager 1025, a
measurement configuration manager 1030, a parent
node measurement manager 1035, arelay node ID man-
ager 1040, and a management function ID manager
1045. Each of these modules may communicate, directly
or indirectly, with one another (e.g., via one or more bus-
es).

[0148] The measurement report manager 1010 may
transmit, using a first mobile terminal function of the relay
node, a measurement report to a network management
function via a first backhaul link to a first parent node,
where the measurement report includes measurements
of a second parent node transmission.

[0149] The backhaul link configuration manager 1015

10

15

20

25

30

35

40

45

50

55

23

42

may receive, via the first backhaul link using the first mo-
bile terminal function of the relay node, a backhaul link
configuration for the second mobile terminal function
based on the transmitted measurement report. In some
examples, the backhaul link configuration manager 1015
may receive a backhaul link configuration for the second
mobile terminal function based on the transmission of
the identifier of the relay node to the first network man-
agement function via the first backhaul link and the trans-
mission of the identifier of the relay node to the second
network management function via the second backhaul
link.

[0150] In some examples, receiving a routing configu-
ration for the first backhaul link and the second backhaul
link, where the routing configuration includes route utili-
zation information, link utilization information, resource
allocation information, or some combination thereof. In
some cases, the backhaul link configuration for the sec-
ond mobile terminal function includes an identifier of the
second mobile terminal function of the relay node, an
identifier of the second parent node, route configuration
parameters, or some combination thereof. In some cas-
es, the backhaul link configuration for the second mobile
terminal function is received in a container ofa RRC mes-
sage received by the first mobile terminal function. In
some cases, the backhaul link configuration for the sec-
ond mobile terminal function is received in F1-AP sign-
aling. In some cases, the first network management func-
tion and the second network management function each
include a gNB, a gNB-CU, a gNB-CU-CP, an eNB, an
eNB-CU, an eNB-CU-CP, a centralized controller, a to-
pology function, a route function, a resource function, or
some combination thereof.

[0151] The backhaul link manager 1020 may establish
a second backhaul link between the second mobile ter-
minal function of the relay node and the second parent
node based on the received backhaul link configuration.
In some examples, the backhaul link manager 1020 may
exchange backhaul information with the fist network
management function via the first backhaul link to the
first parent node using the first mobile terminal function,
with the second network management function via the
second backhaul link to the second parent node using
the second mobile terminal function, or both, based on
the received backhaul link configuration.

[0152] In some examples, the backhaul link manager
1020 may establish the first backhaul link between the
first mobile terminal function of the relay node and the
first parent node, where the identifier of the relay node
is transmitted to the first network management function
via the established first backhaul link. In some examples,
the backhaul link manager 1020 may establish the sec-
ond backhaul link between the second mobile terminal
function of the relay node and the second parent node,
where the identifier of the relay node is transmitted to the
second network management function via the estab-
lished second backhaullink. Insome examples, the back-
haul link manager 1020 may exchange backhaul infor-
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mation using the first backhaul link, the second backhaul
link, or both, based on the received backhaul link config-
uration.

[0153] In some cases, the first parent node and the
second parent node are associated with the network
management function supported by a CU. In some cases,
the network management function includes a gNB, a
gNB-CU, a gNB-CU-CP, an eNB, an eNB-CU, an eNB-
CU-CP, a centralized controller, a topology function, a
route function, a resource function, or some combination
thereof.

[0154] The relay node ID manager 1040 may ex-
change, using a first mobile terminal function of the relay
node, an identifier of the relay node with a first network
management function via a first backhaul link to a first
parent node. In some examples, the relay node ID man-
ager 1040 may transmit, using a second mobile terminal
function of the relay node, the identifier of the relay node
to a second network management function via a second
backhaul link to a second parent node.

[0155] The MT capability manager 1025 may transmit,
via the first backhaul link using the first mobile terminal
function, a capability report to the network management
function. In some examples, the MT capability manager
1025 may transmit, using the second mobile terminal
function, a capability report to the second parent node,
where the capability report includes an identifier of the
second mobile terminal function, one or more RATSs sup-
ported by the second mobile terminal function, one or
more frequency bands supported by the second mobile
terminal function, azimuth and elevation patterns sup-
ported by the second mobile terminal function, RF capa-
bilities of the second mobile terminal function, isolation
between the first mobile terminal function and the second
mobile terminal function, an identifier of the relay node,
a list of supported mobile terminal functions, or some
combination thereof.

[0156] Insome cases, the capability reportincludes an
identifier of the second mobile terminal function, one or
more RATs supported by the second mobile terminal
function, one or more frequency bands supported by the
second mobile terminal function, azimuth and elevation
patterns supported by the second mobile terminal func-
tion, RF capabilities of the second mobile terminal func-
tion, isolation between the first and second mobile termi-
nal function, an identifier of the relay node, a list of sup-
ported mobile terminal functions, or some combination
thereof.

[0157] The measurementconfiguration manager 1030
may receive, via the first backhaul link using the first mo-
bile terminal function of the relay node, a measurement
configuration for the second mobile terminal function of
the relay node based on the transmitted capability report.
In some examples, the measurement configuration man-
ager 1030 may receive, using the first mobile terminal
function of the relay node, a measurement configuration
for the second mobile terminal function, where the one
or more signal strength measurements are performed
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based on the received measurement configuration. In
some cases, the measurement configuration includes an
identifier of the second mobile terminal function, an iden-
tifier of the second parent node, or some combination
thereof.

[0158] The parent node measurement manager 1035
may perform, using the second mobile terminal function
of the relay node, measurements of the second parent
node transmission based on the measurement configu-
ration, where the transmitted measurement report in-
cludes the measurements. In some examples, the parent
node measurement manager 1035 may perform, using
the second mobile terminal function, one or more signal
strength measurements of one or more parent nodes. In
some examples, the parentnode measurement manager
1035 may identify the second parent node based on the
one or more signal strength measurements, where the
second backhaul link is established based on the identi-
fied second parent node.

[0159] The management function ID manager 1045
may receive an identifier of the first network management
function associated with the first backhaul link. In some
examples, the management function ID manager 1045
may receive an identifier of the second network manage-
ment function associated with the second backhaul link.
In some examples, the management function ID manag-
er 1045 may determine the identifier of the first manage-
ment function associated with the first backhaul link is
different from the identifier of the second management
function associated with the second backhaul link. In
some examples, the management function ID manager
1045 may identify the backhaul link configuration for the
second mobile terminal function is associated with the
second management function of the second backhaul
link. In some examples, the management function ID
manager 1045 may determine the identifier of the first
management function associated with the first backhaul
link is the same as the identifier of the second manage-
ment function associated with the second backhaul link.
In some examples, the management function ID manag-
er 1045 may identify the backhaul link configuration for
the second mobile terminal function is associated with a
same management function of the first backhaul link and
second backhaul link.

[0160] FIG. 11 shows a diagram of a system 1100 in-
cluding a device 1105 that supports relay nodes with mul-
ti-connected cellular backhaul in accordance with one or
more aspects of the presentdisclosure. The device 1105
may be an example of or include the components of de-
vice 805, device 905, or a relay node (e.g., such as a
relay base station 105, a relay IAB node 320, relay node
505, relay node 705) as described herein. The device
1105 may include components for bi-directional voice
and data communications including components for
transmitting and receiving communications, including a
communications manager 1110, an I/O controller 1115,
atransceiver 1120, an antenna 1125, memory 1130, and
a processor 1140. These components may be in elec-
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tronic communication via one or more buses (e.g., bus
1145).

[0161] The communications manager 1110 may trans-
mit, using a first mobile terminal function of the relay
node, a measurement report to a network management
function via a first backhaul link to a first parent node,
where the measurement report includes measurements
of a second parent node transmission, receive, via the
first backhaul link using the first mobile terminal function
of the relay node, a backhaul link configuration for the
second mobile terminal function based on the transmitted
measurement report, and establish a second backhaul
link between the second mobile terminal function of the
relay node and the second parent node based on the
received backhaul link configuration. The communica-
tions manager 1110 may also exchange, using a first
mobile terminal function of the relay node, an identifier
of the relay node with a first network management func-
tionvia afirst backhaul link to afirst parent node, transmit,
using a second mobile terminal function of the relay node,
the identifier of the relay node to a second network man-
agement function via a second backhaul link to a second
parent node, and receive a backhaul link configuration
for the second mobile terminal function based on the
transmission of the identifier of the relay node to the first
network management function via the first backhaul link
and the transmission of the identifier of the relay node to
the second network management function via the second
backhaul link.

[0162] The I/O controller 1115 may manage input and
output signals for the device 1105. The I/O controller
1115 may also manage peripherals not integrated into
the device 1105. In some cases, the 1/O controller 1115
may represent a physical connection or port to an exter-
nal peripheral. In some cases, the I/O controller 1115
may utilize an operating system such as iOS®, AN-
DROID®, MS-DOS®, MS-WINDOWS®, 0S/29, UNIX®,
LINUX®, or another known operating system. In other
cases, the I/0O controller 1115 may represent or interact
with a modem, a keyboard, a mouse, a touchscreen, or
a similar device. In some cases, the I/O controller 1115
may be implemented as part of a processor. In some
cases, a user may interact with the device 1105 via the
1/O controller 1115 or via hardware components control-
led by the 1/O controller 1115.

[0163] The transceiver 1120 may communicate bi-di-
rectionally, via one or more antennas, wired, or wireless
links as described above. For example, the transceiver
1120 may represent a wireless transceiver and may com-
municate bi-directionally with another wireless transceiv-
er. The transceiver 1120 may also include a modem to
modulate the packets and provide the modulated packets
to the antennas for transmission, and to demodulate
packets received from the antennas.

[0164] Insome cases, the wireless device may include
a single antenna 1125. However, in some cases the de-
vice may have more than one antenna 1125, which may
be capable of concurrently transmitting or receiving mul-
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tiple wireless transmissions.

[0165] The memory 1130 may include RAM and ROM.
The memory 1130 may store computer-readable, com-
puter-executable code or software 1135 including in-
structions that, when executed, cause the processor to
perform various functions described herein. In some cas-
es, the memory 1130 may contain, among other things,
a BIOS which may control basic hardware or software
operation such as the interaction with peripheral compo-
nents or devices.

[0166] The processor 1140 may include an intelligent
hardware device, (e.g., a general-purpose processor, a
DSP, a CPU, a microcontroller, an ASIC, an FPGA, a
programmable logic device, a discrete gate or transistor
logic component, a discrete hardware component, or any
combination thereof). In some cases, the processor 1140
may be configured to operate a memory array using a
memory controller. In other cases, a memory controller
may be integrated into the processor 1140. The proces-
sor 1140 may be configured to execute computer-read-
able instructions stored in a memory (e.g., the memory
1130) to cause the device 1105 to perform various func-
tions (e.g., functions or tasks supporting relay nodes with
multi-connected cellular backhaul).

[0167] The software 1135 may include instructions to
implement aspects of the present disclosure, including
instructions to support wireless communications. The
software 1135 may be stored in a non-transitory compu-
ter-readable medium such as system memory or other
type of memory. In some cases, the software 1135 may
not be directly executable by the processor 1140 but may
cause a computer (e.g., when compiled and executed)
to perform functions described herein.

[0168] FIG. 12 shows a block diagram 1200 of a device
1205 that supports relay nodes with multi-connected cel-
lular backhaul in accordance with one or more aspects
of the present disclosure. The device 1205 may be an
example of aspects of a base station 105, a parent node,
or a network management function as described herein.
The device 1205 may include a receiver 1210, a com-
munications manager 1215, and a transmitter 1220. The
device 1205 may also include a processor. Each of these
components may be in communication with one another
(e.g., via one or more buses).

[0169] The receiver 1210 may receive information
such as packets, user data, or control information asso-
ciated with various information channels (e.g., control
channels, data channels, and information related to relay
nodes with multi-connected cellular backhaul, etc.). In-
formation may be passed on to other components of the
device 1205. The receiver 1210 may be an example of
aspects of the transceiver 1520 described with reference
to FIG. 15. The receiver 1210 may utilize a single antenna
or a set of antennas.

[0170] The communications manager 1215 may re-
ceive, by a network managementfunction via a first back-
haul link, a measurement report from a first mobile ter-
minal function of a relay node, where the measurement
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report includes measurements of a second parent node
transmission. The communications manager 1215 may
identify a backhaul link configuration for the second mo-
bile terminal function based on the received measure-
ment report. The communications manager 1215 may
transmit, via the first backhaul link, the identified backhaul
link configuration for the second mobile terminal function
to the first mobile terminal function of the relay node.
[0171] The communications manager 1215 may also
identify a relay node is connected to a first parent node
via a first mobile terminal function of the relay node, iden-
tify the relay node is connected to a second parent node
via a second mobile terminal function of the relay node,
and transmit a backhaul link configuration for the second
mobile terminal function based on the identified relay
node connections. The communications manager 1215
may be an example of aspects of the communications
manager 1510 described herein.

[0172] The communications manager 1215, or its sub-
components, may be implemented in hardware, code
(e.g., software or firmware) executed by a processor, or
any combination thereof. If implemented in code execut-
ed by a processor, the functions of the communications
manager 1215, or its sub-components may be executed
by a general-purpose processor, a DSP, an ASIC, a FP-
GA or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions
described in the present disclosure.

[0173] The communications manager 1215, or its sub-
components, may be physically located at various posi-
tions, including being distributed such that portions of
functions are implemented at different physical locations
by one or more physical components. In some examples,
the communications manager 1215, or its sub-compo-
nents, may be a separate and distinct component in ac-
cordance with various aspects of the present disclosure.
In some examples, the communications manager 1215,
or its sub-components, may be combined with one or
more other hardware components, including but not lim-
ited to an I/O component, a transceiver, a network server,
another computing device, one or more other compo-
nents described in the present disclosure, or a combina-
tion thereof in accordance with various aspects of the
present disclosure.

[0174] The transmitter 1220 may transmit signals gen-
erated by other components of the device 1205. In some
examples, the transmitter 1220 may be collocated with
a receiver 1210 in a transceiver module. For example,
the transmitter 1220 may be an example of aspects of
the transceiver 1520 described with reference to FIG. 15.
The transmitter 1220 may utilize a single antenna or a
set of antennas.

[0175] FIG. 13 shows ablock diagram 1300 of a device
1305 that supports relay nodes with multi-connected cel-
lular backhaul in accordance with one or more aspects
of the present disclosure. The device 1305 may be an
example of aspects of a device 1205, or aspects of a
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base station 105, a parent node, or a network manage-
ment function as described herein. The device 1305 may
include a receiver 1310, a communications manager
1315, and a transmitter 1335. The device 1305 may also
include a processor. Each of these components may be
in communication with one another (e.g., via one or more
buses).

[0176] The receiver 1310 may receive information
such as packets, user data, or control information asso-
ciated with various information channels (e.g., control
channels, data channels, and information related to relay
nodes with multi-connected cellular backhaul, etc.). In-
formation may be passed on to other components of the
device 1305. The receiver 1310 may be an example of
aspects of the transceiver 1520 described with reference
to FIG. 15. The receiver 1310 may utilize a single antenna
or a set of antennas.

[0177] The communications manager 1315 may be an
example of aspects of the communications manager
1215asdescribed herein. The communications manager
1315 may include a measurement report manager 1320,
a backhaul link configuration manager 1325, and a back-
haul link manager 1330. The communications manager
1315 may be an example of aspects of the communica-
tions manager 1510 described herein.

[0178] The measurement report manager 1320 may
receive, by a network management function via a first
backhaul link, a measurement report from a first mobile
terminal function of a relay node, where the measure-
ment report includes measurements of a second parent
node transmission.

[0179] The backhaul link configuration manager 1325
may identify a backhaul link configuration for the second
mobile terminal function based on the received meas-
urement report and transmit, via the first backhaul link,
the identified backhaul link configuration for the second
mobile terminal function to the first mobile terminal func-
tion of the relay node.

[0180] The backhaul link manager 1330 may identify
arelay node is connected to a first parent node via a first
mobile terminal function of the relay node and identify
the relay node is connected to a second parent node via
a second mobile terminal function of the relay node.
[0181] The backhaul link configuration manager 1325
may transmit a backhaul link configuration for the second
mobile terminal function based on the identified relay
node connections.

[0182] The transmitter 1335 may transmit signals gen-
erated by other components of the device 1305. In some
examples, the transmitter 1335 may be collocated with
a receiver 1310 in a transceiver module. For example,
the transmitter 1335 may be an example of aspects of
the transceiver 1520 described with reference to FIG. 15.
The transmitter 1335 may utilize a single antenna or a
set of antennas.

[0183] FIG. 14 shows a block diagram 1400 of a com-
munications manager 1405 that supports relay nodes
with multi-connected cellular backhaul in accordance
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with one or more aspects of the present disclosure. The
communications manager 1405 may be an example of
aspects of a communications manager 1215, a commu-
nications manager 1315, or a communications manager
1510 described herein. The communications manager
1405 may include a measurement report manager 1410,
a backhaul link configuration manager 1415, a MT capa-
bility manager 1420, a measurement configuration man-
ager 1425, a backhaul link manager 1430, a manage-
ment function ID manager 1435, and a relay node ID
manager 1440. Each of these modules may communi-
cate, directly or indirectly, with one another (e.g., via one
or more buses).

[0184] The measurement report manager 1410 may
receive, by a network management function via a first
backhaul link, a measurement report from a first mobile
terminal function of a relay node, where the measure-
ment report includes measurements of a second parent
node transmission.

[0185] The backhaul link configuration manager 1415
may identify a backhaul link configuration for the second
mobile terminal function based on the received meas-
urementreport. In some examples, the backhaul link con-
figuration manager 1415 may transmit, via the first back-
haul link, the identified backhaul link configuration for the
second mobile terminal function to the first mobile termi-
nal function of the relay node. In some examples, the
backhaul link configuration manager 1415 may transmit
a backhaul link configuration for the second mobile ter-
minal function based on the identified relay node con-
nections.

[0186] In some examples, transmitting a routing con-
figuration for a second backhaul link, between the second
mobile terminal function of the relay node and the first
parent node, and a first backhaul link, between the first
MT of the relay node and the first parent node, where the
routing configuration includes route utilization informa-
tion, link utilization information, resource allocation infor-
mation, or some combination thereof.

[0187] In some cases, the backhaul link configuration
for the second mobile terminal function includes an iden-
tifier of the second mobile terminal function of the relay
node, an identifier of the second parent node, route con-
figuration parameters, or some combination thereof. In
some cases, the backhaul link configuration for the sec-
ond mobile terminal function is transmitted in a container
of a RRC message to the first mobile terminal function.
In some cases, the backhaul link configuration for the
second mobile terminal function is transmitted in F1-AP
signaling.

[0188] The backhaul link manager 1430 may identify
arelay node is connected to a first parent node via a first
mobile terminal function of the relay node. In some ex-
amples, the backhaul link manager 1430 may identify the
relay node is connected to a second parent node via a
second mobile terminal function of the relay node. In
some examples, the backhaul link manager 1430 may
receive backhaul information from the first mobile termi-
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nal function of the relay node via the first parent node,
from the second mobile terminal function of the relay
node via the second parent node, or both, based on the
transmitted backhaul link configuration. In some cases,
the first backhaul link, between the first mobile terminal
function of the relay node and the first parent node, and
a second backhaul link, between the second mobile ter-
minal function of the relay node and the first parent node,
are associated with a cellular RAT.

[0189] The MT capability manager 1420 may receive,
via the first backhaul link, a capability report from the first
mobile terminal function of the relay node, where the ca-
pability report includes capability information for the sec-
ond mobile terminal function of the relay node. In some
cases, the capability report includes an identifier of the
second mobile terminal function, one or more RATSs sup-
ported by the second mobile terminal function, one or
more frequency bands supported by the second mobile
terminal function, azimuth and elevation patterns sup-
ported by the second mobile terminal function, RF capa-
bilities of the second mobile terminal function, isolation
between the first mobile terminal function and the second
mobile terminal function, an identifier of the relay node,
a list of supported mobile terminal functions, or some
combination thereof.

[0190] The measurement configuration manager 1425
may identify a measurement configuration for the second
mobile terminal function of the relay node based on the
received capability report. In some examples, the meas-
urement configuration manager 1425 may transmit, via
the first backhaul link, the identified measurement con-
figuration to the first mobile terminal function, where the
measurementreportis received based on the transmitted
measurement configuration. In some examples, trans-
mitting a measurement configuration for the second mo-
bile terminal function to the relay node, where the meas-
urement configuration includes an identifier of the second
parent node, policy information for relay node selection
of the second parent node, or some combination thereof.
In some cases, the measurement configuration includes
an identifier of the second mobile terminal function, an
identifier of the second parent node, or some combination
thereof.

[0191] The management function ID manager 1435
may transmit a network management function identifier
to the relay node via the first parent node. In some ex-
amples, the management function ID manager 1435 may
transmit the management function identifier to the relay
node via the second parent node. The relay node ID man-
ager 1440 may receive an identifier of the relay node
from the first parent node. In some examples, the relay
node ID manager 1440 may receive the identifier of the
relay node from the second parent node, where the iden-
tification that the relay node is connected to the second
parent node via the second mobile terminal function of
the relay node is based on the identifier of the relay node
from the second parent node being the same as the iden-
tifier of the relay node from the first parent node.
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[0192] FIG. 15 shows a diagram of a system 1500 in-
cluding a device 1505 that supports relay nodes with mul-
ti-connected cellular backhaul in accordance with one or
more aspects of the present disclosure. The device 1505
may be an example of or include the components of de-
vice 1205, device 1305, or aspects of a base station 105,
a parent node, or a network management function as
described herein. The device 1505 may include compo-
nents for bi-directional voice and data communications
including components for transmitting and receiving
communications, including a communications manager
1510, anetwork communications manager 1515, a trans-
ceiver 1520, an antenna 1525, memory 1530, a proces-
sor 1540, and an inter-station communications manager
1545. These components may be in electronic commu-
nication via one or more buses (e.g., bus 1550).

[0193] The communications manager 1510 may re-
ceive, by a network management function via a first back-
haul link, a measurement report from a first mobile ter-
minal function of a relay node, where the measurement
report includes measurements of a second parent node
transmission, identify a backhaul link configuration for
the second mobile terminal function based on the re-
ceived measurement report, and transmit, via the first
backhaul link, the identified backhaul link configuration
for the second mobile terminal function to the first mobile
terminal function of the relay node. The communications
manager 1510 may also identify a relay node is connect-
ed to afirst parentnode via a first mobile terminal function
of the relay node, identify the relay node is connected to
a second parent node via a second mobile terminal func-
tion of the relay node, and transmit a backhaul link con-
figuration for the second mobile terminal function based
on the identified relay node connections.

[0194] The network communications manager 1515
may manage communications with the core network
(e.g., viaone or more wired backhaul links). Forexample,
the network communications manager 1515 may man-
age the transfer of data communications for client devic-
es, such as one or more UEs 115.

[0195] The transceiver 1520 may communicate bi-di-
rectionally, via one or more antennas, wired, or wireless
links as described above. For example, the transceiver
1520 may represent a wireless transceiver and may com-
municate bi-directionally with another wireless transceiv-
er. The transceiver 1520 may also include a modem to
modulate the packets and provide the modulated packets
to the antennas for transmission, and to demodulate
packets received from the antennas.

[0196] Insome cases, the wireless device may include
a single antenna 1525. However, in some cases the de-
vice may have more than one antenna 1525, which may
be capable of concurrently transmitting or receiving mul-
tiple wireless transmissions.

[0197] The memory 1530 may include RAM, ROM, or
acombination thereof. The memory 1530 may store com-
puter-readable code or software 1535 including instruc-
tions that, when executed by a processor (e.g., the proc-
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essor 1540) cause the device to perform various func-
tions described herein. In some cases, the memory 1530
may contain, among other things, a BIOS which may con-
trol basic hardware or software operation such as the
interaction with peripheral components or devices.
[0198] The processor 1540 may include an intelligent
hardware device, (e.g., a general-purpose processor, a
DSP, a CPU, a microcontroller, an ASIC, an FPGA, a
programmable logic device, a discrete gate or transistor
logic component, a discrete hardware component, or any
combination thereof). In some cases, the processor 1540
may be configured to operate a memory array using a
memory controller. In some cases, a memory controller
may be integrated into processor 1540. The processor
1540 may be configured to execute computer-readable
instructions stored in a memory (e.g., the memory 1530)
to cause the device 1505 to perform various functions
(e.g., functions ortasks supporting relay nodes with multi-
connected cellular backhaul).

[0199] The inter-station communications manager
1545 may manage communications with other base sta-
tion 105, and may include a controller or scheduler for
controlling communications with UEs 115 in cooperation
with other base stations 105. For example, the inter-sta-
tion communications manager 1545 may coordinate
scheduling for transmissions to UEs 115 for various in-
terference mitigation techniques such as beamforming
or joint transmission. In some examples, the inter-station
communications manager 1545 may provide an X2 in-
terface within an LTE/LTE-A wireless communication
network technology to provide communication between
base stations 105.

[0200] The software 1535 may include instructions to
implement aspects of the present disclosure, including
instructions to support wireless communications. The
software 1535 may be stored in a non-transitory compu-
ter-readable medium such as system memory or other
type of memory. In some cases, the software 1535 may
not be directly executable by the processor 1540 but may
cause a computer (e.g., when compiled and executed)
to perform functions described herein.

[0201] FIG. 16 shows a flowchart illustrating a method
1600 that supports relay nodes with multi-connected cel-
lular backhaul in accordance with one or more aspects
of the presentdisclosure. The operations of method 1600
may be implemented by a relay node or its components
as described herein. For example, the operations of
method 1600 may be performed by a communications
manager as described with reference to FIGs. 8 through
11. In some examples, a relay node may execute a set
of instructions to control the functional elements of the
relay node to perform the functions described below. Ad-
ditionally or alternatively, a relay node may perform as-
pects of the functions described below using special-pur-
pose hardware.

[0202] At 1605, the relay node may transmit, using a
first mobile terminal function of the relay node, a meas-
urement report to a network management function via a
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first backhaul link to a first parent node, where the meas-
urement report includes measurements of a second par-
entnode trans. The operations of 1605 may be performed
according to the methods described herein. In some ex-
amples, aspects of the operations of 1605 may be per-
formed by a measurement report manager as described
with reference to FIGs. 8 through 11.

[0203] At 1610, the relay node may establish a second
backhaul link between the second mobile terminal func-
tion of the relay node and the second parent node based
on the received backhaul link configuration. The opera-
tions of 1610 may be performed according to the methods
described herein. In some examples, aspects of the op-
erations of 1610 may be performed by a backhaul link
manager as described with reference to FIGs. 8 through
11.

[0204] At 1615, the relay node may receive, via the
first backhaul link using the first mobile terminal function
of the relay node, a backhaul link configuration for the
second mobile terminal function based on the transmitted
measurementreport. The operations of 1615 may be per-
formed according to the methods described herein. In
some examples, aspects of the operations of 1615 may
be performed by a backhaul link configuration manager
as described with reference to FIGs. 8 through 11.
[0205] FIG. 17 shows a flowchart illustrating a method
1700 that supports relay nodes with multi-connected cel-
lular backhaul in accordance with one or more aspects
ofthe present disclosure. The operations of method 1700
may be implemented by a relay node or its components
as described herein. For example, the operations of
method 1700 may be performed by a communications
manager as described with reference to FIGs. 8 through
11. In some examples, a relay node may execute a set
of instructions to control the functional elements of the
relay node to perform the functions described below. Ad-
ditionally or alternatively, a relay node may perform as-
pects of the functions described below using special-pur-
pose hardware.

[0206] At 1705, the relay node may transmit, via the
first backhaul link using the first mobile terminal function,
a capability report to the network management function.
The operations of 1705 may be performed according to
the methods described herein. In some examples, as-
pects of the operations of 1705 may be performed by a
MT capability manager as described with reference to
FIGs. 8 through 11.

[0207] At 1710, the relay node may receive, via the
first backhaul link using the first mobile terminal function
of the relay node, a measurement configuration for the
second mobile terminal function of the relay node based
on the transmitted capability report. The operations of
1710 may be performed according to the methods de-
scribed herein. In some examples, aspects of the oper-
ations of 1710 may be performed by a measurement con-
figuration manager as described with reference to FIGs.
8 through 11.

[0208] At 1715, the relay node may perform, using the
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second mobile terminal function of the relay node, meas-
urements of the second parent node transmission based
on the measurement configuration, where the transmit-
ted measurement report includes the measurements.
The operations of 1715 may be performed according to
the methods described herein. In some examples, as-
pects of the operations of 1715 may be performed by a
parent node measurement manager as described with
reference to FIGs. 8 through 11.

[0209] At 1720, the relay node may transmit, using a
first mobile terminal function of the relay node, a meas-
urement report to a network management function via a
first backhaul link to a first parent node, where the meas-
urement report includes measurements of a second par-
ent node transmission. The operations of 1720 may be
performed according to the methods described herein.
In some examples, aspects of the operations of 1720
may be performed by a measurement report manager
as described with reference to FIGs. 8 through 11.
[0210] At 1725, the relay node may establish a second
backhaul link between the second mobile terminal func-
tion of the relay node and the second parent node based
on the received backhaul link configuration. The opera-
tions of 1725 may be performed according to the methods
described herein. In some examples, aspects of the op-
erations of 1725 may be performed by a backhaul link
manager as described with reference to FIGs. 8 through
11.

[0211] At 1730, the relay node may receive, via the
first backhaul link using the first mobile terminal function
of the relay node, a backhaul link configuration for the
second mobile terminalfunction based on the transmitted
measurementreport. The operations of 1730 may be per-
formed according to the methods described herein. In
some examples, aspects of the operations of 1730 may
be performed by a backhaul link configuration manager
as described with reference to FIGs. 8 through 11.
[0212] At 1735, the relay node may receive a routing
configuration for the first backhaul link and the second
backhaul link, where the routing configuration includes
route utilization information, link utilization information,
resource allocation information, or some combination
thereof. The operations of 1735 may be performed ac-
cording to the methods described herein. In some exam-
ples, aspects of the operations of 1735 may be performed
by a backhaul link configuration manager as described
with reference to FIGs. 8 through 11.

[0213] FIG. 18 shows a flowchart illustrating a method
1800 that supports relay nodes with multi-connected cel-
lular backhaul in accordance with one or more aspects
of the presentdisclosure. The operations of method 1800
may be implemented by a management function (e.g.,
or CU or base station) or its components as described
herein. For example, the operations of method 1800 may
be performed by a communications manager as de-
scribed with reference to FIGs. 12 through 15. In some
examples, a management function (e.g., or CU or base
station) may execute a set of instructions to control the
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functional elements of the management function (e.g., or
CU or base station) to perform the functions described
below. Additionally or alternatively, a management func-
tion (e.g., or CU or base station) may perform aspects of
the functions described below using special-purpose
hardware.

[0214] At 1805, the management function (e.g., or CU
or base station) may receive, by a network management
function via a first backhaul link, a measurement report
from a first mobile terminal function of arelay node, where
the measurement report includes measurements of a
second parent node transmission. The operations of
1805 may be performed according to the methods de-
scribed herein. In some examples, aspects of the oper-
ations of 1805 may be performed by a measurement re-
port manager as described with reference to FIGs. 12
through 15.

[0215] At 1810, the management function (e.g., or CU
or base station) may identify a backhaul link configuration
for the second mobile terminal function based on the re-
ceived measurement report. The operations of 1810 may
be performed according to the methods described herein.
In some examples, aspects of the operations of 1810
may be performed by a backhaul link configuration man-
ager as described with reference to FIGs. 12 through 15.
[0216] At 1815, the management function (e.g., or CU
or base station) may transmit, via the first backhaul link,
the identified backhaul link configuration for the second
mobile terminal function to the first mobile terminal func-
tion of the relay node. The operations of 1815 may be
performed according to the methods described herein.
In some examples, aspects of the operations of 1815
may be performed by a backhaul link configuration man-
ager as described with reference to FIGs. 12 through 15.
[0217] FIG. 19 shows a flowchart illustrating a method
1900 that supports relay nodes with multi-connected cel-
lular backhaul in accordance with one or more aspects
ofthe present disclosure. The operations of method 1900
may be implemented by a relay node or its components
as described herein. For example, the operations of
method 1900 may be performed by a communications
manager as described with reference to FIGs. 8 through
11. In some examples, a relay node may execute a set
of instructions to control the functional elements of the
relay node to perform the functions described below. Ad-
ditionally or alternatively, a relay node may perform as-
pects of the functions described below using special-pur-
pose hardware.

[0218] At 1905, the relay node may exchange, using
a first mobile terminal function of the relay node, an iden-
tifier of the relay node with a first network management
function via a first backhaul link to a first parent node.
The operations of 1905 may be performed according to
the methods described herein. In some examples, as-
pects of the operations of 1905 may be performed by a
relay node ID manager as described with reference to
FIGs. 8 through 11.

[0219] At 1910, the relay node may transmit, using a
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second mobile terminal function of the relay node, the
identifier of the relay node to a second network manage-
ment function via a second backhaul link to a second
parent node. The operations of 1910 may be performed
according to the methods described herein. In some ex-
amples, aspects of the operations of 1910 may be per-
formed by a relay node ID manager as described with
reference to FIGs. 8 through 11.

[0220] At 1915, the relay node may receive a backhaul
link configuration for the second mobile terminal function
based on the transmission of the identifier of the relay
node to the first network management function via the
first backhaul link and the transmission of the identifier
of the relay node to the second network management
function via the second backhaul link. The operations of
1915 may be performed according to the methods de-
scribed herein. In some examples, aspects of the oper-
ations of 1915 may be performed by a backhaul link con-
figuration manager as described with reference to FIGs.
8 through 11.

[0221] FIG. 20 shows a flowchart illustrating a method
2000 that supports relay nodes with multi-connected cel-
lular backhaul in accordance with one or more aspects
of the presentdisclosure. The operations of method 2000
may be implemented by a management function (e.g.,
or CU or base station) or its components as described
herein. For example, the operations of method 2000 may
be performed by a communications manager as de-
scribed with reference to FIGs. 12 through 15. In some
examples, a management function (e.g., or CU or base
station) may execute a set of instructions to control the
functional elements of the management function (e.g., or
CU or base station) to perform the functions described
below. Additionally or alternatively, a management func-
tion (e.g., or CU or base station) may perform aspects of
the functions described below using special-purpose
hardware.

[0222] At 2005, the management function (e.g., or CU
or base station) may identify a relay node is connected
to a first parent node via a first mobile terminal function
of the relay node. The operations of 2005 may be per-
formed according to the methods described herein. In
some examples, aspects of the operations of 2005 may
be performed by a backhaul link manager as described
with reference to FIGs. 12 through 15.

[0223] At 2010, the management function (e.g., or CU
or base station) may identify the relay node is connected
to a second parent node via a second mobile terminal
function of the relay node. The operations of 2010 may
be performed according to the methods described herein.
In some examples, aspects of the operations of 2010
may be performed by a backhaul link manager as de-
scribed with reference to FIGs. 12 through 15.

[0224] At 2015, the management function (e.g., or CU
or base station) transmit a backhaul link configuration for
the second mobile terminal function based on the iden-
tified relay node connections. The operations of 2015
may be performed according to the methods described
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herein. In some examples, aspects of the operations of
2015 may be performed by a backhaul link configuration
manager as described with reference to FIGs. 12 through
15.

[0225] Techniques described herein may be used for
various wireless communications systems such as CD-
MA, TDMA, FDMA, OFDMA, single carrier frequency di-
vision multiple access (SC-FDMA), and other systems.
A CDMA system may implement a radio technology such
as CDMAZ2000, Universal Terrestrial Radio Access
(UTRA), etc. CDMA2000 covers 1S-2000, 1S-95, and IS-
856 standards. IS-2000 Releases may be commonly re-
ferred to as CDMA2000 1X, 1X, etc. 1S-856 (TIA-856) is
commonly referred to as CDMA2000 1xEV-DO, High
Rate Packet Data (HRPD), etc. UTRA includes Wide-
band CDMA (WCDMA) and other variants of CDMA. A
TDMA system may implement a radio technology such
as Global System for Mobile Communications (GSM).
[0226] An OFDMA system may implement a radio
technology such as Ultra Mobile Broadband (UMB),
Evolved UTRA (E-UTRA), Institute of Electrical and Elec-
tronics Engineers (IEEE) 802.11 (Wi-Fi), IEEE 802.16
(WIMAX), IEEE 802.20, Flash-OFDM, etc. UTRA and E-
UTRA are part of Universal Mobile Telecommunications
System (UMTS). LTE, LTE-A, and LTE-A Pro are releas-
es of UMTS that use E-UTRA. UTRA, E-UTRA, UMTS,
LTE, LTE-A, LTE-A Pro, NR, and GSM are described in
documents from the organization named "3rd Generation
Partnership Project" (3GPP). CDMA2000 and UMB are
described in documents from an organization named "3rd
Generation Partnership Project 2" (3GPP2). The tech-
niques described herein may be used for the systems
and radio technologies mentioned herein as well as other
systems and radio technologies. While aspects of an
LTE,LTE-A, LTE-A Pro, or NR system may be described
for purposes of example, and LTE, LTE-A, LTE-A Pro,
or NR terminology may be used in much of the descrip-
tion, the techniques described herein are applicable be-
yond LTE, LTE-A, LTE-A Pro, or NR applications.
[0227] A macro cell generally covers a relatively large
geographic area (e.g., several kilometers in radius) and
may allow unrestricted access by UEs 115 with service
subscriptions with the network provider. A small cell may
be associated with a lower-powered base station 105,
as compared with a macro cell, and a small cell may
operate in the same or different (e.g., licensed, unli-
censed, etc.) frequency bands as macro cells. Small cells
may include pico cells, femto cells, and micro cells ac-
cording to various examples. A pico cell, for example,
may cover a small geographic area and may allow unre-
stricted access by UEs 115 with service subscriptions
with the network provider. A femto cell may also cover a
small geographic area (e.g., a home) and may provide
restricted access by UEs 115 having an association with
the femto cell (e.g., UEs 115in a closed subscriber group
(CSG), UEs 115 for users in the home, and the like). An
eNB for a macro cell may be referred to as a macro eNB.
An eNB for a small cell may be referred to as a small cell
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eNB, a pico eNB, a femto eNB, or a home eNB. An eNB
may support one or multiple (e.g., two, three, four, and
the like) cells, and may also support communications us-
ing one or multiple component carriers.

[0228] The wireless communications system 100 or
systems described herein may support synchronous or
asynchronous operation. For synchronous operation, the
base stations 105 may have similar frame timing, and
transmissions from different base stations 105 may be
approximately aligned in time. For asynchronous opera-
tion, the base stations 105 may have different frame tim-
ing, and transmissions from different base stations 105
may not be aligned in time. The techniques described
herein may be used for either synchronous or asynchro-
nous operations.

[0229] Information and signals described herein may
be represented using any of a variety of different tech-
nologies and techniques. For example, data, instruc-
tions, commands, information, signals, bits, symbols,
and chips that may be referenced throughout the descrip-
tion may be represented by voltages, currents, electro-
magnetic waves, magnetic fields or particles, optical
fields or particles, or any combination thereof.

[0230] The various illustrative blocks and modules de-
scribed in connection with the disclosure herein may be
implemented or performed with a general-purpose proc-
essor, a DSP, an ASIC, a FPGA or other programmable
logic device (PLD), discrete gate or transistor logic, dis-
crete hardware components, or any combination thereof
designed to perform the functions described herein. A
general-purpose processor may be a microprocessor,
but in the alternative, the processor may be any conven-
tional processor, controller, microcontroller, or state ma-
chine. A processor may also be implemented as a com-
bination of computing devices (e.g., a combination of a
DSP and a microprocessor, multiple microprocessors,
one or more microprocessors in conjunction with a DSP
core, or any other such configuration).

[0231] The functions described herein may be imple-
mented in hardware, software executed by a processor,
firmware, or any combination thereof. If implemented in
software executed by a processor, the functions may be
stored on or transmitted over as one or more instructions
or code on a computer-readable medium. Other exam-
ples and implementations are within the scope of the dis-
closure and appended claims. For example, due to the
nature of software, functions described herein can be
implemented using software executed by a processor,
hardware, firmware, hardwiring, or combinations of any
of these. Features implementing functions may also be
physically located at various positions, including being
distributed such that portions of functions are implement-
ed at different physical locations.

[0232] Computer-readable media includes both non-
transitory computer storage media and communication
media including any medium that facilitates transfer of a
computer program from one place to another. A non-
transitory storage medium may be any available medium
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that can be accessed by a general purpose or special
purpose computer. By way of example, and notlimitation,
non-transitory computer-readable media may include
random-access memory (RAM), read-only memory
(ROM), electrically erasable programmable read only
memory (EEPROM), flash memory, compact disk (CD)
ROM or other optical disk storage, magnetic disk storage
or other magnetic storage devices, or any other non-tran-
sitory medium that can be used to carry or store desired
program code means in the form of instructions or data
structures and that can be accessed by a general-pur-
pose or special-purpose computer, or a general-purpose
or special-purpose processor. Also, any connection is
properly termed a computer-readable medium. For ex-
ample, if the software is transmitted from a website, serv-
er, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and micro-
wave, then the coaxial cable, fiber optic cable, twisted
pair, DSL, or wireless technologies such as infrared, ra-
dio, and microwave are included in the definition of me-
dium. Disk and disc, as used herein, include CD, laser
disc, optical disc, digital versatile disc (DVD), floppy disk
and Blu-ray disc where disks usually reproduce data
magnetically, while discs reproduce data optically with
lasers. Combinations of the above are also included with-
in the scope of computer-readable media.

[0233] As used herein, including in the claims, "or" as
used in a list of items (e.g., a list of items prefaced by a
phrase such as "at least one of" or "one or more of) in-
dicates an inclusive list such that, for example, a list of
atleast one of A, B, or C means A or Bor C or ABor AC
orBC or ABC (i.e., Aand B and C). Also, as used herein,
the phrase "based on" shall not be construed as a refer-
ence to a closed set of conditions. For example, an ex-
emplary step that is described as "based on condition
A" may be based on both a condition A and a condition
B without departing from the scope of the present disclo-
sure. In other words, as used herein, the phrase "based
on"shall be construed in the same manner as the
phrase "based at least in part on."

[0234] Inthe appended figures, similar components or
features may have the same reference label. Further,
various components of the same type may be distin-
guished by following the reference label by a dash and
a second label that distinguishes among the similar com-
ponents. If just the first reference label is used in the
specification, the description is applicable to any one of
the similar components having the same first reference
label irrespective of the second reference label, or other
subsequent reference label.

[0235] The description set forth herein, in connection
with the appended drawings, describes example config-
urations and does not represent all the examples that
may be implemented or that are within the scope of the
claims. The term "exemplary" used herein means "serv-
ing as an example, instance, orillustration," and not "pre-
ferred" or "advantageous over other examples." The de-
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tailed description includes specific details for the purpose
of providing an understanding of the described tech-
niques. These techniques, however, may be practiced
without these specific details. In some instances, well-
known structures and devices are shown in block dia-
gram form in order to avoid obscuring the concepts of
the described examples.

[0236] The description herein is provided to enable a
person skilled in the art to make or use the disclosure.
Various modifications to the disclosure will be readily ap-
parent to those skilled in the art, and the generic princi-
ples defined herein may be applied to other variations
without departing from the scope of the disclosure. Thus,
the disclosure is not limited to the examples and designs
described herein, but is defined by the broadest scope
as defined by the appended claims.

Claims

1. Amethod (700)for wireless communication atarelay
node, comprising:

exchanging (715), using a first mobile terminal
function of the relay node, an identifier of the
relay node with a first network management
function via a first backhaul link to a first parent
node;

transmitting (720), using a second mobile termi-
nal function of the relay node, the same identifier
of the relay node to a second network manage-
ment function via a second backhaul link to a
second parent node; and

receiving (735) a backhaul link configuration for
the second mobile terminal function based at
least in part on the transmission of the identifier
of the relay node to the first network manage-
ment function via the first backhaul link and the
transmission of the same identifier of the relay
node to the second network management func-
tion via the second backhaul link.

2. The method of claim 1, further comprising:
exchanging backhaul communications with the first
network management function via the first backhaul
link to the first parent node using the first mobile ter-
minal function, with the second network manage-
ment function via the second backhaul link to the
second parent node using the second mobile termi-
nal function, or both, based at least in part on the
received backhaul link configuration.

3. The method of claim 1, further comprising:

establishing (705), prior to exchanging the iden-
tifier of the relay node, the first backhaul link be-
tween the first mobile terminal function of the
relay node and the first parent node, wherein
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the identifier of the relay node is transmitted to
the first network management function via the
established first backhaul link; and
establishing (710), prior to transmitting the iden-
tifier of the relay node, the second backhaul link
between the second mobile terminal function of
the relay node and the second parent node,
wherein the identifier of the relay node is trans-
mitted to the second network management func-
tion via the established second backhaul link.

4. The method of claim 3, further comprising:

receiving an identifier of the first network man-
agement function associated with the first back-
haul link; and

receiving an identifier of the second network
management function associated with the sec-
ond backhaul link.

The method of claim 4, further comprising:

determining the identifier of the first manage-
ment function associated with the first backhaul
link is different from the identifier of the second
management function associated with the sec-
ond backhaul link; and

identifying the backhaul link configuration for the
second mobile terminal function is associated
with the second management function of the
second backhaul link.

6. The method of claim 4, further comprising:

determining the identifier of the first manage-
ment function associated with the first backhaul
link is the same as the identifier of the second
management function associated with the sec-
ond backhaul link; and

identifying the backhaul link configuration for the
second mobile terminal function is associated
with a same management function of the first
backhaul link and second backhaul link.

The method of claim 3, wherein establishing the sec-
ond backhaul link between the second mobile termi-
nal function of the relay node and the second parent
node further comprises:

performing, using the second mobile terminal
function, one or more signal strength measure-
ments of one or more parent nodes; and
identifying the second parent node based at
least in part on the one or more signal strength
measurements, wherein the second backhaul
link is established based at least in part on the
identified second parent node.
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The method of claim 7, further comprising:
receiving, using the first mobile terminal function of
the relay node, a measurement configuration for the
second mobile terminal function, wherein the one or
more signal strength measurements are performed
based at least in part on the received measurement
configuration.

The method of claim 3, further comprising:
exchanging backhaul communications using the first
backhaul link, the second backhaul link, or both,
based at least in part on the received backhaul link
configuration.

The method of claim 3, further comprising:
transmitting, using the second mobile terminal func-
tion, a capability report to the second parent node,
wherein the capability report comprises at least one
of: an identifier of the second mobile terminal func-
tion, one or more radio access technologies, RATSs,
supported by the second mobile terminal function,
one or more frequency bands supported by the sec-
ond mobile terminal function, azimuth and elevation
patterns supported by the second mobile terminal
function, radio frequency, RF, capabilities of the sec-
ond mobile terminal function, isolation between the
first mobile terminal function and the second mobile
terminal function, an identifier of the relay node, or
a list of supported mobile terminal functions.

A method (700) of wireless communication at a cen-
tral unit, CU, comprising:

identifying (725) a relay node is connected to a
first parent node via a first mobile terminal func-
tion of the relay node by exchanging an identifier
of the relay node with the first parent node;
identifying (725) the relay node is connected to
a second parent node via a second mobile ter-
minal function of the relay node by receiving the
identifier of the relay node from the second par-
entnode, wherein the identification that the relay
node is connected to the second parent node
via the second mobile terminal function of the
relay node is based at least in part on the iden-
tifier of the relay node from the second parent
node being the same as the identifier of the relay
node from the first parent node; and
transmitting (735) a backhaul link configuration
for the second mobile terminal function based
at least in part on the identified relay node con-
nections.

12. The method of claim 11, further comprising:

receiving backhaul communications from the first
mobile terminal function of the relay node via the first
parent node, from the second mobile terminal func-
tion of the relay node via the second parent node, or
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both, based at least in part on the transmitted back-
haul link configuration.

The method of claim 11, further comprising:

transmitting a network management function
identifier to the relay node via the first parent
node; and

transmitting the management function identifier
to the relay node via the second parent node.

The method of claim 11, further comprising:
transmitting a measurement configuration for the
second mobile terminal function to the relay node,
wherein the measurement configuration comprises
atleastone ofanidentifier of the second parent node,
policy information for relay node selection of the sec-
ond parent node.

The method of claim 12, wherein the backhaul link
configuration for the second mobile terminal function
is transmitted in a container of a radio resource con-
trol, RRC, message to the first mobile terminal func-
tion.

Patentanspriiche

1.

Ein Verfahren (700) fir Drahtloskommunikation an
einem Weiterleitungs- bzw. Relay-Knoten, das Fol-
gendes aufweist:

Austauschen (715), unter Nutzung einer ersten
MT-Funktion (MT = mobile terminal) des Relay-
Knotens, eines Identifikators des Relay-Kno-
tens mit einer ersten Netzwerkverwaltungsfunk-
tion Uber eine erste Backhaul-Verbindung mit
einem ersten Ubergeordneten Knoten;

Senden (720), unter Nutzung einer zweiten MT-
Funktion des Relay-Knotens, des gleichen Iden-
tifikators des Relay-Knotens an eine zweite
Netzwerkverwaltungsfunktion Gber eine zweite
Backhaul-Verbindung an einen zweiten tiberge-
ordneten Knoten; und

Empfangen (735) einer Backhaul-Verbindung-
konfiguration firr die zweite MT-Funktion basie-
rend wenigstens teilweise auf der Sendung des
Identifikators des Relay-Knotens an die erste
Netzwerkverwaltungsfunktion Uber die erste
Backhaul-Verbindung und der Sendung des
gleichen Identifikators des Relay-Knotens an
die zweite Netzwerkverwaltungsfunktion Uber
die zweite Backhaul-Verbindung.

Verfahren nach Anspruch 1, das weiter Folgendes
aufweist:

Austauschen von Backhaul-Kommunikationen mit
der ersten Netzwerkverwaltungsfunktion Uber die
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erste Backhaul-Verbindung zu dem ersten Uberge-
ordneten Knoten unter Nutzung der ersten MT-Funk-
tion, mit der zweiten Netzwerkverwaltungsfunktion
Uber die zweite Backhaul-Verbindung zu dem zwei-
ten Uibergeordneten Knoten unter Nutzung der zwei-
ten MT-Funktion oder mit beiden basierend wenigs-
tens teilweise auf der empfangenen Backhaul-Ver-
bindungs-Konfiguration.

Verfahren nach Anspruch 1, das weiter Folgendes
aufweist:

Aufbauen (705), vor Austauschen des ldentifi-
kators des Relay-Knotens, der ersten Backhaul-
Verbindung zwischen der ersten MT-Funktion
des Relay-Knotens und dem ersten tibergeord-
neten Knoten, wobei der Identifikator des Relay-
Knotens an die erste Netzwerkverwaltungsfunk-
tion Uiber die aufgebaute erste Backhaul-Verbin-
dung gesendet wird; und

Einrichten (710), vor Senden des Identifikators
an den Relay-Knoten, der zweiten Backhaul-
Verbindung zwischen der zweiten MT-Funktion
des Relay-Knotens und dem zweiten Uberge-
ordneten Knoten, wobei der ldentifikator des
Relay-Knotens an die zweite Netzwerkverwal-
tungsfunktion Uber die aufgebaute zweite Back-
haul-Verbindung gesendet wird.

4. Verfahren nach Anspruch 3, das weiter Folgendes

aufweist:

Empfangen eines Identifikators der ersten Netz-
werkverwaltungsfunktion, die mit der ersten
Backhaul-Verbindung assoziiert ist; und
Empfangen eines lIdentifikators der zweiten
Netzwerkverwaltungsfunktion, die mit der zwei-
ten Backhaul-Verbindung assoziiert ist.

5. Verfahren nach Anspruch 4, das weiter Folgendes

aufweist:

Bestimmen, dass sich der Identifikator der ers-
ten Verwaltungsfunktion, die mit der ersten
Backhaul-Verbindung assoziiert ist, von dem
Identifikator der zweiten Verwaltungsfunktion
unterscheidet, die mit der zweiten Backhaul-
Verbindung assoziiert ist; und

Identifizieren, dass die Backhaul-Verbindungs-
konfiguration fir die zweite MT-Funktion mit der
zweiten Verwaltungsfunktion der zweiten Back-
haul-Verbindung assoziiert ist.

6. Verfahren nach Anspruch 4, das weiter Folgendes

aufweist:

Bestimmen, dass der Identifikator der ersten
Verwaltungsfunktion, die mit der ersten Back-
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haul-Verbindung assoziiert ist, der gleiche ist
wie der ldentifikator der zweiten Verwaltungs-
funktion, die mit der zweiten Backhaul-Verbin-
dung assoziiert ist; und

Identifizieren, dass die Backhaul-Verbindungs-
Konfiguration fiir die zweite MT-Funktion mit ei-
ner gleichen Verwaltungsfunktion der ersten
Backhaul-Verbindung und zweiten Backhaul-
Verbindung assoziiert ist.

Verfahren nach Anspruch 3, wobei Aufbauen der
zweiten Backhaul-Verbindung zwischen der zweiten
MT-Funktion des Relay-Knotens und dem zweiten
Ubergeordneten Knoten weiter Folgendes aufweist:

Durchfiihren, unter Nutzung der zweiten MT-
Funktion, von einer oder mehreren Signalstar-
kenmessungen von einem oder mehreren tiber-
geordneten Knoten; und

Identifizieren des zweiten tibergeordneten Kno-
tens basierend wenigstens teilweise auf der ei-
nen oder den mehreren Signalstarkenmessun-
gen, wobei die zweite Backhaul-Verbindung ba-
sierend wenigstens teilweise auf dem identifi-
zierten zweiten Ubergeordneten Knoten aufge-
baut wird.

Verfahren nach Anspruch 7, das weiter Folgendes
aufweist:

Empfangen, unter Nutzung der ersten MT-Funktion
des Relay-Knotens, einer Messungskonfiguration
fir die zweite MT-Funktion, wobei die eine oder die
mehreren Signalstarkenmessungen basierend we-
nigstens teilweise auf der empfangenen Messungs-
konfiguration durchgefiihrt werden.

Verfahren nach Anspruch 3, das weiter Folgendes
aufweist:

Austauschen von Backhaul-Kommunikationen unter
Nutzung der ersten Backhaul-Verbindung, der zwei-
ten Backhaul-Verbindung oder von beidem basie-
rend wenigstens teilweise auf der empfangenen
Backhaul-Verbindungs-Konfiguration.

Verfahren nach Anspruch 3, das weiter Folgendes
aufweist:

Senden, unter Nutzung der zweiten MT-Funktion, ei-
nes Fahigkeitsbericht an den zweiten ibergeordne-
ten Knoten, wobei der Fahigkeitsbericht wenigstens
eines von Folgendem aufweist: einen Identifikator
der zweiten MT-Funktion, eine oder mehrere Funk-
zugriffstechnologien bzw. RATs (RAT =radio access
technology), die durch die zweite MT-Funktion un-
terstlitzt werden, ein oder mehrere Frequenzbander,
die durch die zweite MT-Funktion unterstitzt wer-
den, Azimut- bzw. Drehwinkel- und Elevations- bzw.
Héhenangaben-Muster, die durch die zweite MT-
Funktion unterstltzt werden, Funkfrequenz- bzw.
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RF-Fahigkeiten (RF = radio frequency) der zweiten
MT-Funktion, Isolation zwischen der ersten MT-
Funktion und der zweiten MT-Funktion, einen Iden-
tifikator des Relay-Knotens oder eine Liste von un-
terstlitzten MT-Funktionen.

Ein Verfahren (700) fir Drahtloskommunikation an
einer zentralen Einheit bzw. CU (CU = central unit),
das Folgendes aufweist:

Identifizieren (725) eines Weiterleitungs- bzw.
Relay-Knotens, der mit einem ersten Uberge-
ordneten Knoten uber eine erste MT-Funktion
(MT = mobile terminal) des Relay-Knotens ver-
bunden ist durch Austauschen eines Identifika-
tors des Relay-Knotens mit dem ersten tberge-
ordneten Knoten;

Identifizieren (725), dass der Relay-Knoten mit
einem zweiten Ubergeordneten Knoten lber ei-
ne zweite MT-Funktion des Relay-Knotens ver-
bunden ist durch Empfangen des Identifikators
des Relay-Knotens von dem zweiten Uberge-
ordneten Knoten, wobei die Identifikation, dass
der Relay-Knoten mit dem zweiten tbergeord-
neten Knoten tber die MT-Funktion des Relay-
Knotens verbunden ist wenigstens teilweise
darauf basiert, dass der Identifikator des Relay-
Knotens von dem zweiten libergeordneten Kno-
ten der gleiche ist wie der Identifikator des Re-
lay-Knotens von dem ersten Ubergeordneten
Knoten; und

Senden (735) einer Backhaul-Verbindungs-
Konfiguration fiir die zweite MT-Funktion basie-
rend wenigstens teilweise auf den identifizierten
Relay-Knoten-Verbindungen.

Verfahren nach Anspruch 11, das weiter Folgendes
aufweist:

Empfangen von Backhaul-Kommunikationen von
derersten MT-Funktion des Relay-Knotens tiberden
ersten Ubergeordneten Knoten, von der zweiten MT-
Funktion des Relay-Knotens Uber den zweiten Uber-
geordneten Knoten oder von beidem basierend we-
nigstens teilweise auf der gesendeten Backhaul-
Verbindungs-Konfiguration.

Verfahren nach Anspruch 11, das weiter Folgendes
aufweist:

Senden eines Netzwerkverwaltungsfunktionsi-
dentifikators an den Relay-Knoten tiber den ers-
ten Ubergeordneten Knoten; und

Senden des Verwaltungsfunktionsidentifikators
an den Relay-Knoten lber den zweiten tberge-
ordneten Knoten.

14. Verfahren nach Anspruch 11, das weiter Folgendes

aufweist:
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Senden einer Messungskonfiguration fiir die zweite
MT-Funktion an den Relay-Knoten, wobei die Mes-
sungskonfiguration wenigstens eines von einem
Identifikator des zweiten tbergeordneten Knotens,
von Regelinformation zur Relay-Knoten-Auswahl
des zweiten Ubergeordneten Knotens aufweist.

Verfahren nach Anspruch 12, wobei die Backhaul-
Verbindungs-Konfiguration fiir die zweite MT-Funk-
tion in einem Datenelement einer Funkressourcen-
steuerungs- bzw. RRC-Nachricht (RRC = radio re-
source control) an die erste MT-Funktion gesendet
wird.

Revendications

1.

Procédé (700) de communication sans fil au niveau
d’'un noeud relais, comprenant les étapes consistant
a:

échanger (715), al'aide d’une premiere fonction
de terminal mobile du noeud relais, un identifiant
du noeud relais avec une premiere fonction de
gestion de réseau via une premiére liaison de
raccordement de noeud vers un premier noeud
parent;

transmettre (720), a I'aide d’'une deuxieme fonc-
tion de terminal mobile du noeud relais, le méme
identifiant du noeud relais a une deuxieme fonc-
tion de gestion de réseau via une deuxiéme
liaison de raccordement de noeud vers un
deuxiéme noeud parent ; et

recevoir (735) une configuration de liaison de
raccordement de noeud pour la deuxieme fonc-
tion de terminal mobile basée au moins en partie
sur la transmission de I'identifiant du noeud re-
lais a la premiére fonction de gestion de réseau
via la premiére liaison de raccordement de
noeud, et la transmission du méme identifiant
du noeud relais a la deuxieme fonction de ges-
tion de réseau via la deuxiéme liaison de rac-
cordement de noeud.

Procédé selon la revendication 1, comprenant en
outre les étapes consistant a :

échanger des communications de liaison de raccor-
dement de noeud avec la premiére fonction de ges-
tion de réseau via la premiéere liaison de raccorde-
ment de noeud vers le premier noeud parent utilisant
la premiére fonction de terminal mobile, avec la
deuxieme fonction de gestion de réseau via la
deuxiéme liaison de raccordement de noeud vers le
deuxiéme noeud parent utilisant la deuxiéme fonc-
tion de terminal mobile, ou les deux, sur la base au
moins en partie de la configuration de liaison de rac-
cordement de noeud regue.
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3. Procédé selon la revendication 1, comprenant en

outre les étapes consistant a :

établir (705), avant d’échanger l'identifiant du
noeud relais, la premiére liaison de raccorde-
ment de noeud entre la premiére fonction de ter-
minal mobile dunoeud relais etle premier noeud
parent, I'identifiant du noeud relais étant trans-
mis a la premiére fonction de gestion de réseau
via la premiére liaison de raccordement de
noeud établie ; et

établir (710), avant de transmettre l'identifiant
du noeud relais, la deuxiéme liaison de raccor-
dement de noeud entre la deuxiéme fonction de
terminal mobile du noeud relais et le deuxieme
noeud parent, dans lequel I'identifiant du noeud
relais est transmis a la deuxieme fonction de
gestion de réseau vialadeuxiéme liaison de rac-
cordement de noeud établie.

4. Procédé selon la revendication 3, comprenant en

outre les étapes consistant a :

recevoir un identifiant de la premiére fonction de
gestion de réseau associée a la premiére liaison
de raccordement de noeud ; et

recevoir un identifiant de la deuxiéme fonction
de gestion de réseau associée a la deuxieme
liaison de raccordement de noeud.

Procédé selon la revendication 4, comprenant en
outre les étapes consistant a :

déterminer que l'identifiant de la premiére fonc-
tion de gestion associée a la premiére liaison de
raccordement de noeud est différent de l'identi-
fiant de la deuxieme fonction de gestion asso-
ciée a la deuxieme liaison de raccordement de
noeud ; et

identifier le fait que la configuration de la liaison
de raccordement de noeud pour la deuxieme
fonction de terminal mobile est associée a la
deuxieme fonction de gestion de la deuxieme
liaison de raccordement de noeud.

Procédé selon la revendication 4, comprenant en
outre les étapes consistant a :

déterminer que l'identifiant de la premiére fonc-
tion de gestion associée a la premiére liaison de
raccordement de noeud estle méme que l'iden-
tifiant de la deuxieme fonction de gestion asso-
ciée a la deuxieme liaison de raccordement de
noeud ; et

identifier le fait que la configuration de la liaison
de raccordement de noeud pour la deuxieme
fonction de terminal mobile est associée a une
méme fonction de gestion de la premiére liaison
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de raccordement de noeud et de la deuxiéme
liaison de raccordement de noeud.

Procédé selon la revendication 3, dans lequel I'éta-
blissement de la deuxiéme liaison de raccordement
de noeud entre la deuxiéme fonction de terminal mo-
bile du noeud relais et le deuxieme noeud parent
comprend en outre les étapes consistant a :

effectuer, a 'aide de la deuxiéme fonction de
terminal mobile, une ou plusieurs mesures d'’in-
tensité de signal d'un ou plusieurs noeuds
parents ; et

identifier le deuxiéme noeud parent sur la base
au moins en partie de la ou des mesures d'in-
tensité de signal, dans lequel la deuxiéme
liaison de raccordement de noeud est établie
sur la base au moins en partie du deuxiéme
noeud parent identifié.

Procédé selon la revendication 7, comprenant en
outre I'étape consistant a :

recevoir, en utilisant la premiere fonction de terminal
mobile du noeud relais, une configuration de mesure
pour la deuxieme fonction de terminal mobile, dans
lequel la ou les mesures d'intensité de signal sont
effectuées sur la base au moins en partie de la con-
figuration de mesure regue.

Procédé selon la revendication 3, comprenant en
outre I'étape consistant a :

échanger des communications de liaison a 'aide de
la premiére liaison de raccordement de noeud, de la
deuxiéme liaison de raccordement de noeud, ou des
deux, sur la base au moins en partie de la configu-
ration de liaison de raccordement de noeud regue.

Procédé selon la revendication 3, comprenant en
outre les étapes consistant a :

transmettre, a I'aide de la deuxiéme fonction de ter-
minal mobile, un rapport de capacité au deuxiéme
noeud parent, le rapport de capacité comprenant au
moins I'un parmi : un identifiant de la deuxiéme fonc-
tion de terminal mobile, une ou plusieurs technolo-
gies d’acces radio, RAT, prises en charge par le
deuxiéme fonction de terminal mobile, une ou plu-
sieurs bandes de fréquences prises en charge par
la deuxiéme fonction de terminal mobile, des mode-
les d’azimut et d’élévation pris en charge par la
deuxiéme fonction de terminal mobile, des capacités
radiofréquence, RF, de la deuxiéme fonction de ter-
minal mobile, I'isolement entre la premiere fonction
de terminal mobile et la deuxiéme fonction de termi-
nal mobile, unidentifiant du noeud relais, ou une liste
de fonctions de terminal mobile prises en charge.

Procédé (700) de communication sans fil au niveau
d’unité centrale, CU, comprenant les étapes consis-
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tant a :

identifier (725) le fait qu’un noeud relais est con-
necté a un premier noeud parent via une pre-
miéere fonction de terminal mobile du noeud re-
lais en échangeantunidentifiantdu noeud relais
avec le premier noeud parent ;

identifier (725) le fait que le noeud relais est con-
necté a un deuxieme noeud parent via une
deuxieme fonction de terminal mobile du noeud
relais en recevant l'identifiant du noeud relais
du deuxieme noeud parent, dans lequel I'iden-
tification du fait que le noeud relais est connecté
audeuxiéme noeud parent viala deuxiéme fonc-
tion de terminal mobile du noeud relais est ba-
sée au moins en partie sur le fait que 'identifiant
du noeud relais du deuxieéme noeud parent est
le méme que l'identifiant du noeud relais du pre-
mier noeud parent ; et

transmettre (735) une configuration de liaison
de raccordement de noeud pour la deuxieme
fonction de terminal mobile basée au moins en
partie sur les connexions de noeud relais iden-
tifices.

Procédé selon la revendication 11, comprenant en
outre I'étape consistant a :

recevoir des communications de raccordement de
noeud depuis la premiére fonction de terminal mobile
du noeud relais via le premier noeud parent, depuis
la deuxiéme fonction de terminal mobile du noeud
relais via le deuxiéme noeud parent, ou les deux,
sur la base au moins en partie de la configuration de
liaison de raccordement de noeud transmise.

Procédé selon la revendication 11, comprenant en
outre les étapes consistant a :

transmettre un identifiant de fonction de gestion
de réseau au noeud relais via le premier noeud
parent ; et

transmettre I'identifiant de fonction de gestion
au noeud relais via le deuxi€éme noeud parent.

Procédé selon la revendication 11, comprenant en
outre I'étape consistant a :

transmettre une configuration de mesure pour la
fonction du deuxiéme terminal mobile au noeud re-
lais, dans lequel la configuration de mesure com-
prend au moins un parmi un identifiant du deuxiéme
noeud parent, des informations de politique pour la
sélection du noeud relais du deuxiéme noeud parent.

Procédé selon la revendication 12, dans lequel la
configuration de laliaison de raccordement de noeud
pour la deuxiéme fonction de terminal mobile est
transmise dans un conteneur d’'un message de con-
trole de ressource radio, RRC, ala premiére fonction
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